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Abstract

Woody plant resources are important to human societies today and were also in the past. Here we assess the woody plant
resources available to peoples in Northeastern Argentina in the pre-Hispanic period and assess how they were used. The
Upper Parana Delta (Entre Rios province, Argentina) was occupied by indigenous societies during the last 2000 years, and
evidence of those peoples has been found at Los Tres Cerros 1 archaeological site (inhabited at least between 765 to 1505 cal
years aD). From the local traditional and ethnographical literature, a broad functionality of the determined taxa is proposed,
to use as a basis for palacoethnobotanical interpretations. Species of the Lauraceae, Passifloraceae, Fabaceae, Salicaceae,
Boraginaceae and Apocynaceae families were found dispersed about the site; they possibly grew close to the settlement and
had diverse indigenous uses (e.g. for the construction of canoes and other artefacts in daily use). Other species were found
concentrated on the archaeological site. They were related to Euphorbaceae, Fabaceae, Cyperaceae, Anacardiaceae, Apo-
cynaceae, Myrtaceae and Primulaceae and were probably used as fuel in domestic activities (e.g. to obtain light, heat and
to cook food and fire pottery). Forty-three carbonized wood samples were studied. Charcoals related to Sapium, Nectandra
and Aspidosperma genera were identified next to pottery and animal bones. The presence of Schinopsis in the anthracologi-
cal record shows the extra-local link of the pre-Hispanic populations that occupied the Parana river basin. Finally, these
new advances increase the knowledge about the vegetation nearby the archaeological site at the end of the Late Holocene.

Keywords Anthracological - Firewood indigenous preference - Upper Parana Delta - Entre Rios province - South american
lowlands - Late Holocene

Introduction

Research from archaeological sites demonstrates that iden-
tifying resources origins from ancient charcoal material can
shed light on the dynamic relations of past societies with
plant communities and the landscape (Ber6én and Fontana
1996; Capparelli and Raffino 1997; Marconetto 2008; Angri-
zani et al. 2013; Brea et al. 2013, 2014; Andreoni 2014;
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Mafterra 2015; Marconetto and Mafferra 2016; Ortiz et al.
2017). Three aspects of past societal function are commonly
explored in this way: (i) how human beings have histori-
cally used plants for food, beverages, huts, clothes, tools,
weapons, ornaments, containers, fuels, poisons and medi-
cines; (ii) how cultural-natural conditions were created that
favoured the selection of some plants over others to satisfy
different needs; and (iii) how plants were intentionally modi-
fied for their use (Pearsall 2000; Pochettino and Capparelli
2009; Colobig 2012; Giovannetti et al. 2012). Furthermore,
evidence from ancient charcoal can allow plant species dis-
tributions to be determined and mapped through time, and
then correlated with cultural activity at both the micro- and
macro-regional scale (ca. 10 km? and 100 km? respectively)
(e.g. Pearsall 2000; Théry-Parisot 2002; Solari 2007; Théry-
Parisot et al. 2010).

The study of ancient charcoal (anthracological) material
extracted from archaeological sites has proved to be a useful
tool in the identification of vegetation within landscapes and
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the use of woody resources by humans (Donoghue 1989;
Piqué i Huerta 1995; Garibotti 1998; Théry-Parisot 2002;
Solari 2007; Marconetto 2008; Théry-Parisot et al. 2010).
Indigenous societies processed woody resources for a range
of reasons, including to obtain light, to generate heat, and to
construct dwellings, canoes and other artefacts. Through the
process of resource use, indigenous peoples acquired a deep
knowledge of the properties of each wood type. For example,
when people were selecting woody resources for burning,
energy behaviour would have been important (Rojas et al.
2004).

Northeastern Argentina has had at least ten thousand
years of human occupation, however little is known about
the relationship between these peoples and their woody
resources use and environmental interactions. The Span-
ish chronicler Fernandez de Oviedo y Valdés (1851-1855
[1546—1547]) mentions the use of wood for spear-throwers,
arrows and clubs by the Timbt and Caracaraes indigenous
groups during the sixteenth century. Documentary informa-
tion on the indigenous uses of wood between the sixteenth
and eighteenth centuries was compiled by Chiri (1975); and
provides insights into the construction of huts, the manufac-
ture artefacts (including canoes, oars, weapons and tools)
and the making of fire. However, the role played by woody,
shrubby and herbaceous plants in pre-Hispanic indigenous
societies of the Parana Delta remains poorly studied.

Los Tres Cerros 1 (LTC1) archaeological site, located in
the Upper Parana Delta, has been identified as having excel-
lent potential for enhancing our understanding of pre-His-
panic human—environment dynamics (Brea et al. 2013). This
is because of the availability of local historical information
(Chiri 1975) and the recent radiocarbon ages for the later
occupations (Politis et al. 2011). In this paper, we enhance
our understanding of human—environment dynamics at the
LTCI site by adding new charcoal identifications and devel-
oping the interpretation of the plant record. Specifically, we
use archaeological charcoals to infer the human selection
of fluvial forest resources. We evaluated the ethnographic
data of identified taxa and contrast this information with
the archaeological remains under study. We considered the
preference for specific woods, particularly with regard to its
caloric value and density. Subsequently, the woody resource
availability was analyzed and discussed. In addition, our
approach allows us to suggest an environmental context of
past human occupation in the Upper Parana Delta.

Study area: Upper Parana Delta
Geographic setting

The delta of the Paran4 river is ca. 320 km long and 60 km
wide. The islands within the delta are shaped by the fluvial
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dynamics and have a dense forest gallery along the river and
stream margins (Neiff 2005). Sometimes, rainfall in the High
Parana basin results in channel overflow (Cavallotto et al.
2005). The sediments deposited on the river margins during
these overflow events add nutrients to the soil enhancing
their fertility (Bonomo 2012).

Modern vegetation

The Upper Parana Delta is located between the Espinal and
Pampeana phytogeographical provinces in the Chaquefio
Dominion (Neotropical region); the area is also influenced
by components from the Paranaense Province (Amazon
Dominion) (Cabrera 1994; Muiioz et al. 2005; Morrone
2017; Oyarzabal et al. 2018). This feature makes it an eco-
tonal and diverse area. Overall, Espinal province is char-
acterized by the dominance of tree species of Prosopis,
Prosopis affinis ex P. algarrobilla (fiandubay), P. caldenia
(caldén) and P. nigra (algarrobo negro) being very abun-
dant. There are also Syagrus romanzoffiana, Butia yatay
(vatay) and Trithrinax campestris (caranday) palm groves,
which generally are scattered. Pampeana province is charac-
terized as a flat region with a temperate-warm climate. The
dominant vegetation is steppe and grasslands (Cabrera 1976;
Morrone 2017; Oyarzabal et al. 2018).

Along the Parana river gallery forests (Paranaense phy-
togeography province) have been observed, with a predomi-
nance of laurels (Nectandra falcifolia), and some Sapotaceae
(Pouteria salicifolia). Xerophytic forests are found in the
ravines above the rivers and streams with floristic elements
of Espinal province. Celtis ehrenbergiana (tala), Prosopis
alba (algarrobo blanco) and Phytolacca dioica (ombit) pre-
dominate, among other species (Cabrera and Willink 1980).

The archaeological site is located in the Islands and Par-
and Delta Eco-region (sensu Burkart et al. 1999). The con-
tinued presence of water bodies creates high humidity and
a low annual temperature range. Surrounding the archaeo-
logical site, the forests are composed of Salix humboldti-
ana (sauce criollo), Tessaria integrifolia (aliso del rio),
Erythrina crista-galli (ceibo), Sapium haematospermum
(curupi), Myrsine laetevirens (caneléon), Albizia inundata
(timbo blanco) and others; the shrublands are composed
of Vachellia caven (espinillo), Baccharis (chilca), Conyza
(rama negra), Cestrum (duraznillo negro) and Phyllanthus
(sarandies); and the grasslands and pasture area are com-
posed of Typha latifolia (totora), Zizaniopsis bonariensis
(espadaiia), Cyperus giganteus (piri) and numerous genera
of Cyperaceae that are associated with numerous species of
Poaceae (Cabrera 1976; Burkart et al. 1999).

Acefiolaza et al. (2004) described ca. 2,500 ha of veg-
etation in an area near the archaeological site, specifically
on the middle course of the Parana river that precedes
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the Upper Delta and includes the Pre-Delta National
Park. They pinpointed five vegetation formations, which
included:

(1) Cliff woodland with species of subtropical lineage such
as Ruprechtia laxiflora, Phytolacca dioica, Myrsine
laetevirens, Zanthoxylum fagara, Coccoloba argentin-
ensis and Celtis ehrenbergiana,

(2) Monotypic woodlands on fluvial margins correspond-
ing to monospecific woodlands of Salix humboldtiana
and Tessaria integrifolia on the Parand river or main
streams. Shrubs and herbaceous species such as Hyptis
mutabilis, Baccharis salicifolia and Lippia were also
detected in this sector;

(3) Riparian mixed woodlands in fresh alluvial deposits
constituted by mature woodlands of Salix humboldti-
ana. Also grouped in this unit are monotypic woodland
of Albizia inundata, Erythrina crista-galli, or Sapium
haematospermum. The shrub stratum has a variable
coverage and is dominated by Teucrium vesicarium,
Urera aurantiaca and Cestrum guaraniticum. The grass
stratum is rich in Iresine diffusa, Vigna adenantha and
Panicum sabulorum;

(4) Intermediate environments constituted by herbaceous
communities and some shrubs as Panicum prionitis,
shrub of Baccharis spp., of Mimosa pigra or Sesbania
virgate, and “achirales” of Thalia geniculate;

(5) Lacunar vegetation constituted by herbaceous plant
communities associated with aquatic environments.

Ronchi Virgolini et al. (2010) found that the under-
story of the right-bank of the Paran river is dominated
by closed formations of Eryngium sp. (serruchetas). In
the oldest and best preserved forests, the presence of
Nectandra falcifolia (laurel), Inga uraguensis (ingd),
Croton urucurana (sangre de drago) and Enterolobium
contortisiliquum (timbé colorado) were reported. The
dense forest contains Urera aurantiaca, Commelina dif-
fusa, Cestrum guaraniticum, Lippia alba, Ipomea alba
and Passiflora suberosa. They also highlighted a consid-
erable number of young plants and medium-sized Myr-
sine laetevirens trees and Zanthoxylum sp. (tembetari)
of recent appearance favoured by exclusion of livestock.
Other species of relatively recent occurrence found by
Ronchi Virgolini et al. (2010) are Morus spp. (mora),
and Ligustrum lucidum (ligustro), both exotic and highly
invasive species. Intensive grazing and human settle-
ment developed clearings covered by dense shrubs with
a predominance of Baccharis spp. Knowledge of the local
vegetation cover is important, in order to contrast this
information with the woody resources of the recent past.

Archaeological record

Human settlement construction in the Late Holocene was
adapted to cope with, and benefit from, the dynamics of the
river. This was achieved by building mounds on the islands
within the delta and transforming these areas into places for
crops and dwellings. Living on the islands provided people
with easy access to inland waterways, the resources of the
main river, and river marginal environments (Bonomo 2012;
Colobig et al. 2015; Castifieira et al. 2017). Consequently,
the island environments of the Upper Delta of the Parani
River contain a long history of human activity and occupa-
tion; radiocarbon dates from the archaeological sites of this
area indicates that human occupation occurred during Late
Holocene, approximately in the last 2,000 years (Bonomo
et al. 2010; Politis et al. 2011; Bonomo 2012; Scabuzzo et al.
2015).

Study site

One of the main studied archaeological sites in the Upper
Delta of the Parana River is Los Tres Cerros archaeologi-
cal locality (LTC). The LTC locality is formed of three
main sites, (LTC1, LTC2 and LTC3). The LTCI site has
been dated to between cal Ap 765 to 1505 and is the high-
est and central mound of the three sites (Politis et al. 2011;
Castifieira et al. 2013). The LTC1 mound is a human con-
struction, comprised of successive layers of sediment and
waste (pottery, bones, shells and other refuse), which rises
ca. 2.1 m above the surrounding land surface (Fig. 1). The
domestic activities inferred for the LTC1 settlement include
the production, use and discarding of pottery assigned to the
Goya-Malabrigo archaeological entity (sensu Ceruti 2003;
Politis and Bonomo 2012, 2018); and the consumption of
semi-aquatic fauna, especially coypu (Myocastor coypus),

Fig.1 Study area with the location of the LTC1 archaeological site.
Vegetation units of Argentina sensu Oyarbazal et al. (2018). Refer-
ences: 1 =Forest and wetland delta, 2 =Grassland with riparian for-
est, 3=Mesophytic pseudosteppes, 4 = Subtropical riparian forest
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capybara (Hydrochoerus hydrochaeris) and different species
of fish (e.g. Hoplias malabaricus, Leporinus obtusidens and
Cichlasoma facetum) (Politis et al. 2011; Bastourre 2014).
Horticulture is also thought to have been a component in the
past subsistence, as evidenced by the presence of maize and
squash phytoliths (Sanchez et al. 2013). Furthermore, evi-
dence for funerary activities has been found at LTC1 in the
form of primary and secondary burials and scattered bones,
some with heat damage (Scabuzzo et al. 2015). To sum up,
the occupation of the LTC1 mound is associated with canoe
people whose subsistence was based on hunting, fishing and
gathering, supplemented with small-scale horticulture.

Materials and methods
Methodological approach

It is common to find a mixture of plant remains from dif-
ferent provenances in archaeological sites with some of the
occurrences related to human activities and others to natu-
ral processes. The woody remains found in archaeological
deposits are frequently carbonized resulting from the incom-
plete combustion of waste materials. This carbonised mate-
rial is preserved within deposits due to environmental and
geochemical factors (Chabal et al. 1999; Théry-Parisot et al.
2010). Two factors determine the representativeness of car-
bonized wood: (i) if it is produced by a short and directed
combustion event (such as in a hearth or an earth oven); or
(ii) if it has been distributed by chance within archaeologi-
cal deposits from combustion events elsewhere. In the first
scenario high concentrations of charcoals that result from a
specific time-bounded wood utilization are found. Typically
these ‘concentrated charcoals’ do not provide a representa-
tive sample of surrounding vegetation, because collection
would likely have been targeted at specific taxa, and there-
fore charcoal evidence from these contexts is often charac-
terized by a low specific diversity (Rodriguez Ariza 1993;
Scheel-Ybert et al. 2005-2006; Marconetto 2008; Théry-
Parisot et al. 2010). In the second scenario charcoals likely
originate from various locations around the wider archaeo-
logical site. Consequently, these ‘dispersed charcoals’ likely
represent elements from secondary contexts, such as succes-
sive hearth cleaning events or fire sub-products (Garibotti
1998; Rodriguez 2000; Solari 2007).

Sampling strategy in the field

Los Tres Cerros 1 archaeological site (32° 51’ 17.3” S and
60° 33" 37.6" W) is located in the centre of a row of three
earth mound structures (LTC1, LTC2, LTC3), distributed
along a 239 m long NW-SE orientated line adjacent to the
Zanjon Almada (Fig. 1). The largest mound (LTC1) has a
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maximum diameter of 66.6 m and a minimum diameter of
57.5 m. Systematic excavations of 33 m? were undertaken
on the LTC1 mound and all charcoal material encountered
was recovered (Politis et al. 2011; Castifieira et al. 2013,
2014; Sanchez et al. 2013; Bastourre 2014; Scabuzzo et al.
2015). The charcoal material was recorded as originating
from either ‘concentrated’ or ‘dispersed’ contexts, and the
stratigraphic position within the excavation of the site was
recorded (Table 1).

Twenty-one radiocarbon dates were obtained of charcoal,
bone and plant remains within the LTC1 archaeological site
(Scabuzzo et al. 2015; Table 2). To avoid contamination,
material for radiocarbon dating was collected using metal
instruments, wrapped in aluminium foil and stored in plas-
tic tubes. The stratigraphic position and quantities of all
material for dating was recorded within the excavation site
(Table 1).

Charcoal analysis: laboratory preparation, analysis
and data handling

Identification of ancient charcoal material, and charcoal
imaging, was achieved using a Nikon SMZ-1000 stereomi-
croscope and a Nikon Coolpix S4 digital camera. Charcoals
were identified by examining freshly fractured surfaces
(cross, radial and tangential sections) and comparison with
standard microscopical wood keys and atlases (Metcalfe
and Chalk 1950; Cozzo 1951; Tortorelli 1956; Tuset 1963;
Garibotti 1998; Richter and Dallwitz 2000; Brea et al. 2013;
InsideWood database 2004-onwards), and with reference
to locally relevant reference material created for this pro-
ject and from the Laboratorio de Paleobotanica CICYTTP
(CONICET-Prov. Entre Rios-UADER). Following analysis,
the ancient and reference charcoals were deposited at Labo-
ratory 3, Division Arqueologia, La Plata Museum, under
the acronym C-LTC N° 1 to-43 (Lab code) for future use
(Table 1).

The terminology for describing wood features follows the
TAWA Lists of Microscopic Features for Hardwood Identi-
fication wherever possible (Wheeler et al. 1989). System-
atic assignment follows the Angiosperm Phylogeny Group
(Chase et al. 2016). The plant names used are as the ones
stated in The International Plant Names Index (The Plant
List 2010) and in the Index Nominum Genericorum (ING)
(Farr and Zijlstra 1996).

Results

A total of 229 charcoal fragments (between 0.5-15 cm long
and 0.5-20 cm diameter) were examined and 18 taxa within
11 families were identified from the LTC1 archaeological
site. Six indeterminate taxa charcoal fragments were also
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Table 1 Databases of each sample examined and provenance, archaeological context. Reference E =East; W =West; x=w/d

Lab code Grid Sector Level (cm) Weight (g) No of frag- Sampling area, concentration/dispersion Related taxa
C-LTC No ments

1 8 E 115-120 3 3 Dispersed Ocotea sp. 1

2 5 W 115-120 1 3 Concentrated next to “‘campana” Sapium sp.

3 5 W 130-135 3 1 Dispersed Fassiflora sp.

4 8 W 135-140 14 14 Concentrated Vachellia sp.

5 8 w 180-185 15 1 Concentrated unidentified

6 8 E 155-160 2 2 Dispersed Enterolobium sp.
7 5 E 105-110 1 1 Dispersed Cordia sp.

8 8 w 120-125 4 1 Dispersed unidentified

9 6 W 140-145 3 3 Dispersed Prosopis sp. 1
10 5 E 125-130 4 4 Dispersed Erythrina sp.

11 9 X 120-125 3 3 Dispersed Vachellia sp.

12 2 X 120-125 2 2 Dispersed Prosopis sp. 1
13 8 w 135-140 18 18 Concentrated Vachellia sp.

14 10 X 150-155 6 1 Dispersed unidentified

15 10 X 120-125 1 1 Concentrated Cyperus sp.

16 8 w 140-145 1 1 Dispersed Vachellia sp.

17 2 X 155-160 4 Concentrated next to pottery Nectandra sp.

18 9 X 225-230 3 Concentrated Schinopsis sp.

19 1 w 180-185 3 2 Concentrated Aspidosperma sp.
20 5 S 220-225 2 Dispersed Erythrina sp.

21 1 X 225-230 2 Dispersed unidentified

22 7 X 245-250 1 Dispersed Salix sp.

23 3 X 155-160 5 Concentrated Vachellia sp.

24 8 E 100-105 2 Dispersed Prosopis sp. 1
25 6 w 190-195 8 Concentrated, next to bones Aspidosperma sp.
26 1 E 155-160 2 Dispersed Cordia sp.

27 1 w 160-165 10 Concentrated (burned pole) Croton sp

28 6 w 190-195 5 Concentrated, next to bones unidentified

29 15 X 120-125 11 Concentrated Prosopis sp. 2

30 8 w 100-105 2 Dispersed Nectandra sp.

31 6 E 185-190 2 Concentrated, next to bone Schinopsis sp.

32 15 X 140-145 5 Concentrated Myrsine sp.

33 X 165-170 7 Dispersed Aspidosperma sp.
34 X 230-235 11 Dispersed Prosopis sp. 1

35 X 225-230 1 Dispersed unidentified

36 15 X 135-140 15 Dispersed Aspidosperma sp.
37 8 E 185-190 2 Dispersed Prosopis sp. 2

38 15 X 130-135 17 Concentrated Prosopis sp. 2
39 9 X 225-230 1 Concentrated Schinopsis sp.

40 8 E 235-240 1 Dispersed Ocotea sp. 2

41 10 X 180-185 4 Concentrated Eugenia sp.

42 15 X 145-150 21 Concentrated, (burned pole) Myrsine sp.

43 15 X 135-140 24 Concentrated Myrsine sp.
Total 229

recovered at the site. The most diagnostic wood anatomical
features observed in the taxa identified are summarized in
Table 3 and displayed in Figs. 2, 3 and 4. Most charcoal

fragments were well preserved, and the diagnostic anatomi-
cal features can be observed.

Analysis of charcoal fragments from concentrated con-
texts (i) resulted in the identification of ten taxa from
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Table 2 Radiocarbon dates for
the LTC1 archaeological site

Site Sample code '¥C yrs BP  Material

Reference

(data taken and modified from LTCI (level 5) LP-2295 560+80 Diplodon sp. shells Politis et al. (2011)
Scabuzzo et al. 2015) LTCI (level 13) LP-2281 580+70 Charcoal Politis et al. (2011)
LTCI1 (level 5) LP-2289 650+70 Charcoal Politis et al. (2011)
LTC1 (secondary burial 2) LP-2292 650+70 Human bone Politis et al. (2011)
LTCI (individual 1) AA-98852 657+43 Human bone Scabuzzo et al. (2015)
LTC1 (level 7) LP-2284 660+70 Diplodon sp. shells Politis et al. (2011)
LTCI (level 38) AA-98848 750+38 Charcoal Gianotti and Bonomo (2013)
LTCl(level 13) LP-2332 760+70 Charcoal Politis et al. (2011)
LTCl(individual 17) AA-103893 763 +47 Human bone Scabuzzo et al. (2015)
LTC1 (individual 16) AA-93218 775+85 Human bone Bonomo et al. (2011)
LTC1 (level 9) LP-2302 790+100 Charcoal Politis et al. (2011)
LTC1 (individual 18) AA-103891 801+46 Human bone Scabuzzo et al. (2015)
LTCl1 (secondary burial 3) AA-103892 802+48 Human bone Scabuzzo et al. (2015)
LTCl (test pit 2) LP-2243 830+50 Diplodon sp. shells Politis et al. (2011)
LTC1 (individual 3) AA-98853 849+45 Human bone Scabuzzo et al. (2015)
LTCI1 (level 16) LP-2296 860+40 Charcoal Politis et al. (2011)
LTCI1 (level 18) LP-2750 880+50 Charcoal Politis and Bonomo (2012)
LTCI1 (level 35) LP-2576 970+60 Charcoal Politis and Bonomo (2012)
LTCI1 (level 33) AA-98849 989+30 Charcoal Gianotti and Bonomo (2013)
LTC1 (level 23) LP-2572 1,030+50 Charcoal Politis and Bonomo (2012)
LTCI1 (level 45) AA-98847 1,227 +45 Charcoal Gianotti and Bonomo (2013)

eight families: Lauraceae, Euphorbiaceae, Fabaceae,
Cyperaceae, Anacardiaceae, Apocynaceae, Myrtaceae
and Primulaceae (20 samples: 18 samples identified and 2
indeterminate). This category includes samples associated
with specific artefacts such as “campana” (bell shape)
pottery, animal bones and burned poles. Analysis of char-
coal fragments from dispersed contexts (ii) resulted in
the identification of ten taxa within six different families
(Lauraeae, Passifloraceae, Fabaceae, Salicaceae, Boragi-
naceae and Apocynaceae) (23 samples: 19 samples identi-
fied and 4 indeterminate) (Table 1).

Discussion
Human plant resource use at the LTC1 site

In this section, we address each taxon recorded in the
dispersed and concentrated contexts of the LTC1 archaeo-
logical site, and we will relate them to present-day and
historical use according to ethnographic and evidence
from traditional inhabitants. Finally, we describe how
they appear in other archaeological contexts of the study
area in the Upper Delta of the Parana river, and in differ-
ent regions of Argentina.

@ Springer

Dispersed context

Lauraceae: Ocotea and Nectandra.—Ten fragments of
charcoal from four samples (Lab code C-LTC 1, 17, 30,
40) with affinity to the Lauraceae were identified (see
Table 1). Two samples share close affinity with Nectandra
lanceolata (Figs. 2a, b). Samples 1 and 40 closely resem-
ble Ocotea but different species within the genus.

The samples Lab code C-LTC 1, 30 and 40 were col-
lected dispersed through the excavation. It is proposed that
they were the result of secondary and accidental deposits,
due to the recurrent cleaning of hearths inside the set-
tlement or due to the action of natural agents, like wind,
water or root activity.

The sample Lab code C-LTC 17 was found near ceramic
sherds, probably this taxon was used for firewood. Both
the calorific values of Nectandra and Ocotea make them
suitable for use as firewood (Lopez et al. 1987). Beauclair
et al. (2009) and Keller (2010) documented in settlements
of Guarani indigenous populations the use of Nectandra
and Ocotea as fuel in domestic kitchens. In the rural and
fishing community called Las Cuevas (Entre Rios prov-
ince), relatively near to the site under study, “laurel de rio”
(Nectandra sp.) is among the preferred species for use as
fuel (Bertos and Keller 2017).
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Fig.2 a C-LTC 30, cross section, general view of Nectandra,
500 um; b radial section, detail of oil and/or mucilage cells (arrow)
associated with heterocellular ray, 250 um; ¢ C-LTC 39, cross sec-
tion, general view of Schinopsis with distinct growth rings (arrow),
500 pm; d C-LTC 18, tangential section of Schinopsis, detail of
canals in multiseriate rays (arrow), 250 um; e C-LTC 19, cross sec-
tion, general view of Aspidosperma, 500 um; f C-LTC 36, tangential
section of Aspidosperma, detail of multiseriate rays (arrow), 250 um;
g C-LTC 29, radial section of Prosopis (the white arrow indicates a

@ Springer

vessel, the black arrow shows a ray), 250 um; h C-LTC 34, cross sec-
tion, general view of Prosopis, 250 um; i C-LTC 37, tangential sec-
tion of Prosopis, multiseriate rays (black arrow) and vessels (white
arrow), 250 um; j C-LTC 43, cross section, general view of Myrsine,
250 pm; k C-LTC 42, tangential section of Myrsine, detail of simple
perforation plates (white arrows) and multiseriate rays (black arrow),
250 um; 1 C-LTC 22, cross section, general view of Salix, 500 pm; m
C-LTC 22, radial section of Salix, detail of heterocellular rays (black
arrow) and vessel elements (white arrows), 250 um
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Fig.3 a C-LTC 40, cross section, general view of Ocotea, 500 um;
b C-LTC 40, radial section of Ocotea, detail of oil and/or mucilage
cells (black arrows) associated with ray, 250 pm: ¢ C-LTC 27, cross
section, general view of Croton, 1,000 um; d C-LTC 27, tangential
section of Crofon, detail of rays (black arrow) and vessel elements
(white arrow), 250 um; e C-LTC 23, cross section, general view of
Vachellia, 1,000 um; £ C-LTC 23, radial section of Vachellia, the
arrow indicates a ray, 500 um; g C-LTC 20, tangential section of

Erythrina, detail of vessel elements (arrow), 1,000 um; h C-LTC 20,
cross section, general view of Erythrina, 500 pum; i C-LTC 26, cross
section, general view of Cordia, 1,000 pm; j C-LTC 26, tangential
section of Cordia, detail of high rays (arrow), 250 um; k C-LTC 41,
cross section, general view of Eugenia, 1,000 um; 1 C-LTC 41, radial
section of Eugenia, detail of rays (white arrow) and vessel elements
(black arrow), 500 pm

@ Springer
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Fig.4 a C-LTC 2, cross section, general view of Sapium, 250 pm; b
C-LTC 2, radial section, detail of rays cells of Sapium (white arrow),
250 um; ¢ C-LTC 2, tangential section, detail of vessel elements of
Sapium (white arrow), 250 um; d C-LTC 3, radial section, detail of
rays of Passiflora (white arrows), 250 um; e C-LTC 3, cross section,
porosity general view of Passiflora, 250 um; f C-LTC 6, cross sec-

Macro-remains related to Ocotea sp. and Nectandra sp.
were also recorded at the Cerro Farall archaeological site,
located adjacent to the Pre-Delta National Park, both form-
ing part of a hearth (Ramos et al. 2019). In addition, on the
Cerro Tapera Vazquez archaeological site, located in this
National Park, Nectandra was identified as part of marginal
river communities (Bonomo et al. 2011). In the Guarani
archaeological sites located in the Upper Uruguay river,
Angrizani et al. (2013) identified carbonized woods related
to Nectandra and/or Ocotea in the Barra do Santo Cristo 1

@ Springer

tion, porosity general view of Enterolobium, 250 um; g C-LTC 15,
cross section, detail of vascular bundles (white arrow) surrounded by
air channels or parenchyma of Cyperus, 250 pm; h C-LTC 15, over-
view of cross section of Cyperus, 250 um; i C-LTC 16, tangential
section, detail of vessel elements (white arrow) and multiseriate rays
(black arrow) of Vachellia, 250 pm

and Trés Bocas 2 sites (ca. 400 and 500 years BP); the latter
study does not specify the finding context. The presence of
Lauraceae taxa in different archaeological sites of the North-
east region, the ethnographic record and current traditional
importance, reflect the continuity of their use over centuries
in different societies from the past and the present.
Passifloraceae: Passiflora sp.—Scattered in a level of the
LTCI1 site was found one fragment of charcoal of Passiflora
sp. (Figs. 4d, e). The Passiflora genus is mostly vines, and a
few species are shrubs and herbaceous; the dry species may
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have been used secondarily for kindling fires, after the use
of its fruits and leaves. The use of the leaves in infusions
and the fruits as edible were documented by Scarpa (2009).
Del Puerto and Inda (2005) reported the only archaeological
record of Passiflora from a palaeoethnobotanical perspec-
tive in their study of the mounds (cerritos) in the Northeast
Uruguay. These authors reported the use of the red pulp of
the Passiflora fruit as a face and lip paint.

Salicaceae: Salix sp.—The anthracological sample Lab
code C-LTC 22 indicates the presence of Salix sp. (Figs. 31,
m) in the LTC1 archaeological site. Salix does not yield
wood with good fuel properties (having low calorific value
and low wood density; Table 4); probably the dry wood
was used as kindling or to revive a fire because of its local
availability. Its presence, though dispersed through the
site, could have been evidence of the cleaning of hearths.
In a pre-Hispanic population settled on the banks of the
San Francisco river that integrates the Paran basin in the
province of Jujuy, there was evidence of Salix carbonized
wood in an earth oven (Ortiz et al. 2017). The authors also
alluded to a frequent use of this species as fuel due to its
availability in the zone, and not to its qualities as firewood.
In regard to its availability, in riverine areas or in the delta
where the dynamics of the river are constant, Salix is the
most representative tree of the zone. The presence of Salix
in the floodplain, as in the riverine forests, plays an impor-
tant ecological role as the trees act as windbreaks (Ramos
2009). Their roots help to prevent sandy soil erosion, and
help uptake of nutrients.

Fabaceae: Erythrina sp.—The carbonized material
related to Erythrina, was found dispersed in the profile of
the site (samples Lab code C-LTC 10, 20. Table 1, 3. Fig-
ures 3g, h). Erythrina has a soft, porous and light wood,
features making it suitable for canoe manufacture. Canoes,
in delta areas, were indispensable for exploiting and trans-
porting diverse resources. One possibility is that the pres-
ence of Erythrina is due to the alternative use of the trunks
for the manufacture of dugout canoes, taking into account
the ethnographic and historical record that reinforces this
interpretation (Tortorelli 1956; Togo et al. 1990; Pensiero
and Pefia 2000; Hurrell and Lahitte 2002). Although the
canoe records in the area mention particularly Enterolo-
bium as raw material (see below), Erythrina wood has
similar physical features to Enterolobium (light and soft),
which make it appropriate for the manufacture of canoes.
The sustainable resource management by indigenous and
rural communities has been documented in numerous stud-
ies (Reyes-Garcia 2008; Chavez Mejia and Herrera Tapia
2018). Probably, there is an alternate use of two or more
species for the same purpose, e.g. to manufacture canoes.
Other parts of the plant are currently used for a variety of
purposes, so this does not rule out a wide functionality
of Erythrina sp. (see Table 4). Indeed, in archaeological

contexts of the Northwest region of Argentina, Ambrosetti
(1907) found "keros" vessels and "drum" or "cylindrical
boxes" made from woody material, which was recently
determined by Sprovieri and Rivera (2014) as Erythrina
sp.

Enterolobium contortisiliquum.—E. contortisiliquum,
whose name timbé is a word of Guarani origin that means
having a white or grey colour (Pefia-Chocarro et al. 2006),
is recorded at the LTC1 archaeological site (Fig. 4f). This
species is characterized by having soft and light wood
when it is dry, due mainly to the arrangement and size of
its vessels (Table 3).

The record of the present-day use of E. contortisi-
liguum is diverse, including bark, leaves, fruits, and wood
(Table 4). In North Argentina, the Wichi population from
Chaco use the wide trunks of the species for the manufac-
ture of canoes; the resin of the same species would act as a
waterproofing (Pefia-Chocarro et al. 2006). There are some
identifications of the use of timbé for canoes found in the
Parana Delta and Rio de la Plata (Marquez Miranda 1932;
Brunazzo and Rivera 1997; Aldazabal and Castro 2000;
Hurrell and Lahitte 2002; Bonomo and Ramos 2019). In
addition, de Souza Pereira et al. (2016) documented the
use of the leaves to facilitate fishing, because the photo-
synthetic organs of the plant have a sedative effect on fish
leaving them readily accessible to capture. Enterolobium
contortisiliquum was also recovered in the Cerro Farall
archaeological site, as part of a hearth, and therefore used
as fuel (Ramos et al. 2019). According to the secondary
deposit of the samples of charcoal related to Enterolobium
in the site, and its multiple uses, the use of this resource is
inferred as a raw material for the construction of canoes.
Canoes allowed fishing, hunting, transport of loads, move-
ment of people and war in fluvial environments (Bonomo
and Ramos 2019). Thus, Enterolobium and other trees
that integrated the LTC1 landscape were essential in the
economy of the groups that inhabited the Upper Parana
Delta in the Late Holocene.

Boraginaceae: Cordia sp.—The samples (Lab code)
C-LTC 7 and 26 recovered in the site have a direct taxonomic
relationship with C. trichotoma (Figs. 31, j). Peteribi (as it
is commonly called in Argentina) has a wood easier to hand
work, because it is semi-hard and semi-heavy (Tortorelli
1956; Sprovieri and Rivera 2014). In the Northeast, near to
the study area, Tortorelli (1956) and Keller (2008) described
the use of the species in hut and canoe construction.

Recently, Cordia sp. was also found in the Cerro Farall
archaeological site and was related to the use of fuel (Ramos
et al. 2019). The information based on the above mentioned
ethnographic and archaeological records shows that the
identified material could have had diverse functions before
being burnt. It could have been parts of huts and/or have
been used for tool manufacture.

@ Springer



204

Vegetation History and Archaeobotany (2021) 30:193-212

Related taxa Wood density  Calorific value Current uses Habit Land cover type
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Lauraceae
Nectandra sp. 480-550 4,570 1,2
Ocotea sp. 1 400-580 5,150 1,2 X X
Ocotea sp. 2 400-580 5,150 1,2 X X X
Euphorbiaceae
Sapium sp. 320-390 4,100 2,5,7 X X X X
Croton sp. 750 1,800-2,100 1,5,8, 14 X X
Passifloraceae
Passiflora sp. - -- 4,5 X X
Salicaceae
Salix sp. 490 3,500 3* 5 X X X
Fabaceae
Vachellia sp. 800-980 4,200-4,600 1,2,3,4,5,6,7,8,12 X X X
Prosopis sp. 1 850-1,500 4,200-4,600 1,2,3,4,5,6,7,8,12 X X X
Prosopis sp. 2 850-1,500 4,200-4,600 1,2,3,4,5,6,7,8,12 X X X
Erythrina sp. 250-296 4,800 5,9,13 X X X X X
Enterolobium sp. 336-390 4,700-4,800 1,2,5,9,13 X X
Myrtaceae
Eugenia sp. 1,175 4,040-4,545 1,2,8 X X X
Anacardiaceae
Schinopsis sp. 1.250 7,300 1,8,9,10, 11 X
Apocynaceae
Aspidosperma sp. 850 7,300 1,3,5,8,9,10, 11 X
Primulaceae
Mpyrsine sp. 480-610 4,700 1,5,7,8 X X X
Boraginaceae
Cordia sp. 600-670 2,000-2,400 1,2,5,8,13, 14 X
Cyperaceae
Cyperus sp. - - 2,4,5,8,12 X X
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Table 4 Taxa identified from the LTC 1 site, including wood density,
calorific value, habit and land cover type and current ethnographic
uses. References: 1. fuel; 2. manufacture of artefacts (domestic tools);
3. cultural (funerary, medicinal, cultural ritual) *in agricultural; 4.
food; 5. medicinal; 6. fodder; 7. dyeing; 8. hut construction (posts,
beams, lumber and roof); 9. leather goods, tanning hides; 10. light-
ing; 11. railway sleepers; 12. making of beverages; 13. canoe con-
struction; 14. melliferous species (data taken from Tortorelli 1956;
Métraux 1973; Cristiani 1978; Martinez Crovetto 1981; Cialdella
1984; Santos Biloni 1990; Togo et al. 1990; Roig 1993; Castro 1994;
Filipov 1994; Guaglianone 1996; Barrett 1998; Hilgert 1998; Bourdy

Concentrated contexts

Usually the concentration of charcoal fragments in an
archaeological site has a direct relationship to a combustion
structure. In this paper it is assumed that the set of burnt
wood fragments accumulated in a delimited sector of the
excavation correspond to a hearth (or to a specific function
in the site). Consequently, the identified taxa reflect human
preference and selection due to the suitability of their dis-
tinctive features for the purpose. Overall, these taxa pos-
sess fuel-efficient features recorded in various ethnobotani-
cal researches. Some of the features are easy ignition, slow
burning, intense flame, little smoke, production of embers
and availability of the species (Arenas 2003; Scarpa 2007,
Riat and Pochettino 2014; Andreoni 2015; Fernandez Marin-
aro 2018).

Fabaceae: Vachellia sp. and Prosopis sp.—Fabaceae,
with five different taxa identified, is the most important
in the charcoal assemblage and comprised 42.4% of the
total amount of analyzed charcoal fragments. Within these
Fabaceae, Vachellia sp. and Prosopis sp. are important with
17.9% and 13.1% of the total charcoal fragments (Figs. 2g—i;
Figs. 3e, f; Fig. 41). Two species were identified within Pros-
opis. Prosopis sp. 1 related to P. affinis, and Prosopis sp.
2 related to P. alba. Table 4 shows a high calorific value
and density for Vachellia sp. and Prosopis sp., which define
these woody species as good fuels. According to the ethno-
graphic study carried out in the rural and fishing community
of Las Cuevas by M. Bertos (pers. comm.), Vachellia caven
or espinillo is the preferred wood fuel species.

In Argentina, Prosopis has been used since pre-Hispanic
times until the present, by different indigenous populations
such as Tobas, Wichi, Pilagis, Mocovi, Abipdn, Guarani,
Puelche, Mapuche and Tehuelche, among others (de Viedma
[1781] 1837; Capparelli 2007, 2008). Also, Prosopis char-
coal samples were documented in the Cerro Farall (Ramos
et al. 2019) and Cerro de Boari 3 archaeological sites from
Entre Rios province (Franco et al. 2017). Bonomo et al.
(2011) point out that Prosopis sp. was used as fuel for firing
pottery and cooking food at the Cerro Tapera Vazquez site.

In northwest Argentina, Ortiz et al. (2017) collected
charcoal related to Prosopis and also Vachellia in a

et al. 2000; Pensiero and Pena 2000; Hurrell and Lahitte 2002; Are-
nas 2003; Alonso and Desmarchelier 2005; Mereles 2006; Pefia-
Chocarro et al. 2006; Pol et al. 2006; Athanasiadou et al. 2007; Del
Valle Perea et al. 2007; Scarpa 2007; Keller 2008; Fabbio et al. 2009;
Ramos 2009, 2010; Martinez 2010; Montani et al. 2010; Rosato et al.
2010; Zabala and Natalini 2011; Suarez and Arenas 2012; Valencia
and Balesta 2013; Beovide and Campos 2014; Olazaval 2014; Riat
and Pochettino 2014; Sprovieri and Rivera 2014; Volkmann 2014;
Andreoni 2015; de Souza Pereira et al. 2016; Bertos and Keller 2017;
Fernandez Marinaro 2018; Ramos et al. 2019)

funerary context of the Pozo de la Chola archaeological
site (Jujuy province) associated with the Formative period
with an age of 2000 + 50 years Bp. For the same region,
Marconetto and Gordillo (2008) identified Vachellia
and Prosopis trunk samples, used as posts and beams in
the construction of the Iglesia de los Indios and Piedras
Blancas archaeological sites (ca. 700-1100 years BP) in
Ambato valley (Catamarca province). In this regard, Mar-
conetto and Mafferra (2016) discovered that the hardwood
taxa Prosopis and Schinopsis were used for metallurgical
work in an archaeological site in the Ambato valley. The
species together produce heat at a high temperature, and
their combustion produces a quite rigid charcoal and they
are preserved very well in the archaeological record.

In Patagonia, Marconetto (2002) identified carbonized
wood related to Prosopis in Alero Don Santiago archaeo-
logical site (Chubut province), dated between 4,470 and
1,750 years Bp. Capparelli and Prates (2015) found remains
of algarroba fruit that was consumed by hunter-gatherers
of the Angostura 1 archaeological site (900 years Bp, Rio
Negro province). Ciampagna (2014), in the Alero 4 site
(1,690 years BP) on the north coast of Santa Cruz prov-
ince, also recorded remains of Prosopis. Vachellia and
Prosopis have numerous current applications (Table 4).
As discussed above, the archaeological interpretations of
Prosopis and Vachellia in Argentina also allude to multi-
ple applications. In the LTC1 archaeological site, we do
not rule out broad functionality of these taxa. Considering
the physical properties of Prosopis and Vachellia (density
and high hardness), the total amount of the samples and
their distribution in the site under study, the most reason-
able interpretation is their use as fuel.

Myrtaceae: Eugenia sp.—In a fertile level of the site,
charcoals of Eugenia genus (Fig. 3k, 1) were recovered.
Eugenia sp. are highly valued for their resistance (hardness
and high density) and for having a straight stem. Keller
(2008) cites the Eugenia uniflora and Cordia trichotoma
(Boraginaceae) species in huts of Guarani construction
in the province of Misiones. Eugenia uniflora has edi-
ble fruits. As a first interpretation of Eugenia sp. in the
archaeological context, we consider that the straight and
flexible stems of the taxon could have been used in the
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construction of huts. In addition, Eugenia sp. concentrated
charcoal in the LTC1 site and their calorific value could
indicate as use as firewood.

Cyperaceae: Cyperus sp.—At level 120-125 of grid 10,
concentrated charcoals, related to Cyperus (Figs. 4g, h),
were recovered. According to the archaeological context
where the samples were found, probably the dead or dried
plant was used as a starter or reviver of bonfires. However,
its primary application was probably the use of its roots for
food consumption, or its leaves for artefacts. This is based
on the ethnographic records made by Guaglianone (1996)
in eastern Argentina, and Beovide and Campos (2014) in
northern area of Rio de la Plata. The authors suggest that
Cyperus was used in the manufacture of baskets and esteras
fabric for huts (Beovide and Campos 2014; see also Mereles
2006). Cyperus esculentus has tubers used in the making of a
refreshing beverage called chufa or horchola, or is consumed
as food, raw or toasted, and is used to make racahoret (Gua-
glianone 1996). In riparian ecosystems of Lake Titicaca,
Cyperus sp. has multiple uses including its use in floors and
roofs of huts; the archaeological record shows that it has
been used from Archaic time (Olazaval 2014).

Concentrated charcoal associated with specific
artefacts

Euphorbiaceae: Sapium sp.—Charcoal remains of Sapium
sp. (Figs. 3b, c) were recovered near a campana, possi-
bly used as fuel. The practical function of the campana is
still unknown, which has given rise to different alternative
hypotheses of its use for maintaining fire embers (Frenguelli
1927), or in incense burners (Gaspary 1950).

Although Sapium sp. has a high calorific value (Table 4),
currently it is not appreciated as fuel, because its wood pro-
duces a lot of smoke and few embers. Fernandez Marinaro
(2018) documents the low preference for its use as fuel in
rural communities in the province of Cordoba. Togo et al.
(1990, p. 93) describe the wood of S. haematospermum as
“soft and light, they make musical instruments (e.g. drums
or bombos) and various tools”. In the series of poles found
by Ambroseti (1907), Sapium sp. was the raw material for
the manufacture of one type of these elements (Sprovieri
and Rivera 2014).

Our initial interpretations around charred wood of Sapium
sp. suggest its use as kindling or for flame production. How-
ever, they were found next to a campana, and the fact that
Sapium smokes and does not produce embers could par-
tially support Gaspary’s (1950) hypothesis instead of that of
Frenguelli (1927). Further studies are necessary to explore
this idea. In relation to wood that produces large amounts
of smoke, in the Cerro Tapera Vazquez site Bonomo et al.
(2011) cite a charcoal sample of Inga sp. (Fabaceae) and the

@ Springer

burning of its wood for smoking food on a grid of sticks. We
do not rule out a similar use for Sapium sp. in the LTC1 site.

At the time of the arrival of Europeans in the sixteenth
century, the islands of the Parana Delta were inhabited by
indigenous canoe people; one of their main sources of food
was fish. Probably the combustion of Sapium sp. wood, as
well as Inga sp., was used for smoking various types of fish
and other meat to preserve food throughout the year, espe-
cially for the winter (Santa Cruz in Von Wieser 1908, p. 57).

Anacardiaceae and Apocynaceae: Schinopsis and Aspi-
dosperma.—Related anthracological samples to Schinop-
sis (Anacardiaceae) and Aspidosperma (Apocynaceae)
(Figs. 2c—f) were found concentrated in an area within the
site. An interesting fact is that Aspidosperma and Schinopsis
were found together with animal bones in the LTC1 site;
this opens a range of possible interpretations regarding the
functionality of the taxa.

According to ethnographic records, Aspidosperma and
Schinopsis wood have a high-calorific value, and are firm
and durable (Riat and Pochettino 2014; Fernandez Marin-
aro 2018). Linked to a hearth, three samples related to
A. quebracho blanco were identified in the Cerro Farall
site (Ramos et al. 2019). In northwestern Argentina, Ortiz
et al. (2017) also found charcoals of Aspidosperma and
Schinopsis associated with funeral rituals and in hearths
in a pre-Hispanic population of the San Francisco culture
of the Formative period. Aspidosperma and Schinopsis
were also recovered in domestic hearths in the Valle de
Ambato in groups defined as Aguada Culture (Marconetto
and Mafferra 2016).

Aspidosperma would had been part of the housing
infrastructure in the form of beams in the sites Iglesia
de los Indios and Piedras Blancas (ca. 700-1,100 years
BP) in Catamarca province (Marconetto and Gordillo
2008). This last record supports the interpretation from
sample (Lab code) C-LTC 19 related to Aspidosperma,
which represents a charred stem in a vertical position. This
would represent a mullion/post or part of a hut structure.
Currently, Aspidosperma is used as a fuel, for domestic
tools, or in ritual events (Fontana 1977; Pefia Chocarro
et al. 2006; Riat and Pochettino 2014). Therefore, beyond
its value as good fuel, it is assumed that the presence of
Aspidosperma and Schinopsis in the LTC1 archaeological
site was also linked to many alternative uses.

Euphorbiaceae: Croton sp.—Charcoal fragments related
to Croton sp. were identified (Figs. 2c, d). This charred
trunk of Croton sp. was deposited in a vertically in the
stratigraphy of the site. In this context, it is proposed that
it sample was part of a more complex structure, probably a
pole or part of a hut. It could have also been burned after a
primary household use. In a rural community of Cordoba,
Croton sp. together with other species are used to make
brooms to clean furnaces because of their durability and
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resistance (Martinez 2010; Fernandez Marinaro 2018).
According to archaeological records from adjacent to the
study area, on the Familia Prim6n archaeological site in
Coronda locality, Santa Fe province, towards the end of
the Late Holocene (470 years Bp), Croton sp. was already
part of a humid subtropical environment in the area (Bal-
ducci et al. 2017).

Primulaceae: Myrsine sp.—Charcoals identified as Myr-
sine (Primulaceae) were found concentrated in the LTC1
archaeological site (Figs. 2j, k). Sample (Lab code) C-LTC
42 was found in a vertical position in the stratigraphy.
Mpyrsine spp. have a high calorific value suitable for use
as fuel, amongst other uses (Table 4). In the Cerro Tapera
Véazquez archaeocological site charred wood of Myrsine
sp. was identified (Bonomo et al. 2011). According to the
current record, M. umbellata wood is used in dwelling
construction (Otegui and Maldonado 1998). Fruits of M.
coriacea are used in the Yungas or Tucumano-Bolivian
forests as a natural dye for sheep wool, and its trunk and
branches are used as firewood (Fabbio et al. 2009). The
ethnographic record and archaeological context in the site
under study supports our inference of the use of Myrsine as
part of an architectural structure (hut) and as fuel.

Woody, shrubby and herbaceous resource
availability

The taxonomic identification of the carbonized material
suggests that Ocotea, Nectandra, Sapium, Croton, Passi-
flora, Salix, Erythrina, Prosopis, Vachellia, Enterolobium,
Eugenia, Aspidosperma, Myrsine, Cordia and Cyperus
formed part of the environment of the pre-Hispanic popu-
lation that inhabited the LTC1 mound. This floristic asso-
ciation is currently in the study area. Salix humboldtiana,
Nectandra angustifolia, Myrsine laetevirens, Croton, Pas-
siflora and abundant epiphytes in the present-day form part
of “subtropical gallery woodland” and “deltaic woodland
and wetland” (Acefolaza et al. 2004). Ronchi Virgolini
et al. (2010) described woodlands and riverbank vegetation
constituted by these species, and Acefiolaza et al. (2004)
referred to them as “mixed forests of internal riverbanks”
and “forests on the slopes alongside the river”. These wood-
lands are characterised by, among other species, Enterolo-
bium, Erythrina crista-galli, Sapium haematospermum,
Salix humboldtiana and Myrsine laetevirens. Recently,
Oyarzabal et al. (2018) re-examined the Argentinean phy-
togeographic classification of Cabrera (1976) and define the
area where the LTCl site is located as “Forest and deltaic
wetland”, very near to “Sclerophyllous Forest” with Pros-
opis affinis and megathermic grasslands with gallery wood-
land. Figure 1 indicates the location of LTC1 and its area of
influence characterized by the vegetation units of Oyarzabal
et al. (2018).

The taxa identified here are characteristic of semi-decid-
uous woodlands or may occur both in the semi-deciduous
and riparian woodlands, suggesting that during this period
the past settlement was surrounded by an environment with
a high availability of woody resources. The presence of
growth rings was observed for about 50% of charcoal frag-
ments analysed. The samples that did not show growth rings
correspond to species that grow near to watercourses (rivers,
streams), such as Salix humboldtiana, Erythrina crista-galli
and Sapium. The preliminary results of these findings for the
LTC1 archaeological site suggest an environment similar to
the present one with little marked seasonality.

Three samples related to Schinopsis were identified in the
study area. Today, S. balansae is distributed approximately
more than 100 km north (Feliciano city, Entre Rios, Argen-
tina) of the LTC1 archaeological site (Mufioz 2010). Que-
brachos of Anacardiaceae were generally adapted to swampy
or waterlogged lands (Sender 2012), covering the transition
between palaeoridges and watersheds in Northern and Cen-
tral Argentina (including Entre Rios province) (Dimitri et al.
1997; Muioz 2010).

During the Holocene there has been climatic variabil-
ity caused by numerous environmental factors (Milana and
Krohling 2015). Based on geomorphological and meteoro-
logical information, Iriondo (1991, 2010) documents the
alternation of dry and humid climates during the Quater-
nary period for the Argentinean Northwest. In the Upper
Holocene a dry and semi-arid interval with scarce veg-
etation cover and temperatures similar to the current ones
would have occurred. Between 1,400 years Bp and 700 years
BP there was a humid-tropical climate, while towards the
period 700-200 years Bp the Little Ice Age took place. Sub-
sequently, the wet and warm-temperate conditions were
accentuated (Iriondo and Garcia 1993; Iriondo 2010). The
effects of climate change in the area under study could have
affected the current distribution of Schinopsis during the
period between ca. cal ap 765 to 1505.

On the contrary, an alternative hypothesis is that Schi-
nopsis did not live the region when the pre-Hispanic groups
inhabited the Upper Parana Delta. Thus, this record could
be indicating an extra-local provenance, in the case of its
geographic distribution being similar to its current one (e.g.
Pearsall 2000; Théry-Parisot et al. 2010). The exchange and
transfer of these woods, along with allochthonous rocks and
metal objects, shows that the economy of the indigenous
people that occupied this insular area of the Upper Delta of
the Parana river was integrated within multiple networks of
circulation of objects and socio-economic interaction during
Late Holocene.
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Conclusions

The use of charcoal in the study of the past provided relevant
information when interpreting the archaeological and the
ancient flora record of the Upper Parana Delta. Most of the
taxa could have been available near this mound settlement,
since they are today present in the oldest and best-preserved
forests of the Parana river. However, Schinopsis could come
from distances of more than 100 km from the north of Entre
Rios. In this regard, the presence in low frequencies of
wood from extra-local sources supports the idea of its being
obtained through intragroup exchanges rather than by direct
access through special trips.

Concentrated charcoals sampled correspond to domestic
hearths; they are represented by a heterogeneous composi-
tion of taxa with a calorific value appropriate for this use,
except Cyperus. Charcoal of Prosopis, Vachellia, Eugenia
and Myrsine in bonfires indicated the preference of these
taxa for fuel use, and they are those which provide high
caloric energy in combustion. In addition, some of them
(e.g. Sapium sp.), could be used to smoke food for stor-
age. According to the archaeological context in which Aspi-
dosperma, Croton and Myrsine were found, it is concluded
that these taxa were used in the construction of huts within
the settlement.

Finally, anthracological analysis in archaeological
contexts integrated with the ethnographic record, shows
that not all charcoal is synonymous with burned wood in
hearths, and its use as fuel may have occurred secondar-
ily. Enterolobium and Erythrina could be direct evidence
of waste from the manufacture of canoes and from past
architectural or technological structures by pre-Hispanic
populations lived in the Upper Delta of the Parané river
towards the end of the Holocene.
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