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Non-destructive analysis of a pre-hispanic basketry collection
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Abstract
Ancient cultures in South America have been manufactured basketry artefacts for human use. However, the
pre-Hispanic basketry is scarce and at present, there are few analytical studies on these objects. This study
presents an analytical investigation of a collection of ancient baskets from Museo Nacional de Etnografía y
Folklore (MUSEF), La Paz, Bolivia employing portable X-ray Fluorescence and portable Raman Spectroscopy.
The analyses were performed in situ with non-invasive and non-destructive methods. The chemical elements
K, Ca, Ti, Mn, Fe, Zn, and Sr were identified in all the samples. The principal component analysis tends to
separate the basket pieces in two groups: one of them is related to stylistic shape of the Middle Horizon,
Titicaca Lake basin, and the other was inconclusive. This was the first time that tinctures used in Andean
pre-Hispanic basketry from the MUSEF collection were chemically evaluated and the results added historical
and archaeological context to the objects.
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Resumo
As culturas antigas da América do Sul produziram artefatos de cestaria para uso humano. No entanto, cestaria
pré-hispânicas são escassas e até o momento, existem poucos estudos analíticos nestes objetos. Este estudo
apresenta uma investigação analítica de uma coleção de oito cestos antigos do Museo Nacional de Etnografía
y Folklore (MUSEF), La Paz, Bolívia, empregando Fluorescência de raios X portátil e Espectroscopia Raman
portátil. As análises foram realizadas in situ com metodologias não invasivas e não destrutivas. Os elementos
químicos identificados nas amostras foram K, Ca, Ti, Mn, Fe, Zn e Sr. A análise de componentes principais
indicou a tendência de separação dos artefatos em dois grupos: um deles está relacionado ao formato estilístico
da bacia do Lago Titicaca, e o outro grupo é de origem inconclusiva. Este artigo apresenta o primeiro estudo
com avaliação química dos pigmentos utilizados na cestaria pré-hispânica Andina do MUSEF e os resultados
adicionaram contexto histórico e arqueológico aos objetos.

Palavras-chave: Fluorescência de raios X. Espectroscopia raman. Arqueometria. Altiplano andino. Tecela-
gem de cestas.
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Introduction

Basket weaving or Basketry is the process of
weaving fibrous or pliable wood materials into arte-
facts for human use. Basketry is common to most hu-
man societies, being the ancient populations of South
America no exception in this regard (CONNOLLY, 2013).
However, due to the bad preservation of organic materials
in the climatic environment of the Andean mountains and
eastern valleys, examples of pre-Hispanic basketry remain
scarce. As a result, its study is much less advanced in
relation to inorganic materials such as pottery or lithic
tools.

Bolivian archaeology has paid little attention to bas-
ketry in general. Most research is related to indirect
evidence, such as imprints of basketry used as support for
pottery manufacturing, in cases such as the Wankarani for-
mative in the central Altiplano (ROCABADO, 2001) and
the Amazonian Moxos region (BETANCOURT, 2015).
There is circumstantial mention to basketry fragments
from caves or burial towers, especially of basketry-
woven wrappings for human corpses (SAGÁRNAGA,
2014). There are archaeological sites recognized for
the presence of basketry fragments and other organic
material, such as Alcaya in the central Altiplano, but
there are not systematic, published reports of their
content.

One of the few archaeological contexts in which com-
plete baskets have been found is Escaramayu cave, near
Pulacayo, in the southern Altiplano. Given the association
of these materials with textile and metallic items stylisti-
cally related to Tiwanaku culture, this context is dated to
the Middle Horizon (ca. AD 500 – 1100). Descriptions
of these basketry-made bowls and vases are rather basic,
although they assert that some pieces display Tiwanaku-
style iconography, while others do not (AGÜERO, 2007;
BERENGUER, 2000).

Sadly, modern times have seen the looting of burial
caves and towers, leading to the formation of private col-
lections all around the Andean region. Some of these
collectors later donated their artefacts to public museums.
As a result, some museums guard interesting examples
of pre-Hispanic basketry, put deprived of archaeological
context. Therefore, an in-depth study of the technical
attributes and raw materials of these objects may increase
the present acknowledgment of Andean pre-Hispanic
basketry.

In this sense, non-destructive analytical techniques for
the study of cultural heritage objects is crucial, allowing

the characterization of raw materials, and providing com-
parative information on the homogeneity/heterogeneity of
the sample set under evaluation. This may lead to initial
classifications and provenance hypothesis.

In the present study two techniques were used, both
with portable equipment, in situ at the museum. The
first one was portable energy dispersive X-ray fluores-
cence (pXRF) which provides a multi-elemental analy-
sis of inorganic elements after the excitation of the sam-
ples with an X-ray beam. It is one of the most used
techniques for elemental analysis of metal artefacts, ceram-
ics, manuscripts, statues, paintings, and other objects of
the cultural heritage (APPOLONI, 2013; MELQUIADES
et al., 2019; MOHOLY-NAGY et al., 2013).

Qualitative and quantitative information about the
elemental composition of the materials may be obtained
with this methodology (CESAREO; CASTELLANO;
CUEVAS, 1998; CORBEIL; POTTS; WEST, 2009; PAR-
REIRA et al., 2009). It was also used Raman Spectroscopy
which states a molecular fingerprint of the sample based
on the inelastic scattering of monochromatic light. This
paper presents the characterization of an ancient baskets
collection from Museo Nacional de Etnografía y Folklore
(MUSEF), La Paz, Bolivia. The objective of this research
was to investigate the samples employing pXRF and Ra-
man Spectroscopy to access their inorganic and organic
composition to aggregate information to the historical and
archaeological context of the objects.

Experimental

Description of the Basket sample

Eight pieces of Baskets with several sizes, different
shapes, and conservation conditions were investigated.
The samples had bands and/or stitches in different shades
of its raw material. Usually, the shades were black, brown
red, and orange. All the samples are attributed to the Pre-
Hispanic period. The provenance is unknown, but pre-
sumably they are from Bolivian Altiplano, with exception
of sample 19477 which presumably came from Bolivian
inter-Andean valleys. All the pieces were probably weaved
with stipa ichu (an Andean Aliplano typical vegetable
fiber) as suggested a comparison with similar, contem-
porary baskets of MUSEF, analysed macroscopically by
botanists from Herbario Nacional de Bolivia (HURTADO,
2017). The coiling technique was employed in its manu-
facture (ADOVASIO, 2010). The samples description is
presented in Tables 1 and 2.
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Table 1 – Pre-Hispanic basket samples from MUSEF. N is the number of measurements performed with the portable
XRF equipment in the object.

Code Description N Sample photography
03810 Basket with a flat base and open,

bowl-like shape, made in vegetable
fiber. Decoration based on wide, full-
coloured panels, creating apparently
complex zoomorphic motifs, with
coloured fiber, using red and black
pigments

3

03811 Basket with a flat base and open,
vase-like shape, made in vegetable
fiber. Decoration based on small,
checkered squares, creating a regu-
lar scale-like pattern, with coloured
fiber, using red and black pigments.

3

03812 Basket with a flat base and open,
undefined shape, made in vegetable
fiber. Decoration based on small,
checkered squares, creating a regu-
lar scale-like pattern, with coloured
fiber, using red and black pigments.

6

03814 Basket with a flat base and open,
bowl-like shape, made in vegetable
fiber. Decoration creating a pattern
of interconnected diamonds, with
coloured fiber, using red and black
pigments.

4

03819 Basket with a flat base and open,
bowl-like shape, made in vegetable
fiber. Decoration creating a se-
quence of stylized camelids, with
coloured fiber, using red and black
pigments.

3

19477 Basket with narrow, reinforced base
and open, cup-like shape, made in
vegetable fiber. Decoration concen-
trated near the border, creating a ge-
ometrical motif, with coloured fiber,
using black pigment.

3
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Table 2 – Continuation of Table 1.

Code Description N Sample photography
03487 Basket with a flat base and open,

bowl-like shape, made in vegetable
fiber. Decoration creating patterns
of interconnected diamonds, with
coloured fiber, using red and black
pigments.

4

03869 Basket with a flat base and open,
vase-like shape, made in vegetable
fiber. Decoration based on wide, full-
colored panels, creating complex
zoomorphic motifs of Tiwanaku
style, with coloured fiber, using red,
black and possibly yellow pigments.

4

Source: The authors.

Analytical techniques

Energy dispersive X-ray fluorescence

pXRF device was employed as a first stage analytical
investigation due to its non-destructive and multielement
features, which makes it suitable to guide the use of other
methodologies.

The pXRF equipment is a laboratory-made sys-
tem projected in the Applied Nuclear Physics Labora-
tory of the State University of Londrina (LFNA/UEL).
It uses an acrylic stand that guarantees fixed measure-
ment geometry. The system consists of a mini-X-ray
tube for excitation (4W, Ag target, 50 µm Ag filter,
Moxtek Inc.) and a Si-PIN X123 detector (FHWM
153 eV resolution for 5.9 keV Mn line, 12.5 µm Be
window, Amptek Inc.). Measurements conditions were
28 kV, 10 µA during 200 s of exposition time. The
portable equipment was taken to La Paz, Bolivia and the
measurements performed in the MUSEF Conservation
Laboratory.

In all the samples were performed at least 3
measurements. One measurement in points without
pigmentation, ordinarily in its base and the other in
pigmentation points when available. As a function
of the weave of the wood used in its manufacture,
none of the samples offered a flat surface for mea-
surement. In fact, the pXRF technique is strongly de-

pendent on measurement geometry. It means that the
distance sample-equipment must be ideally the same.
This condition was impossible to be obtained in these
measurements due to the circular shape of the objects and
due to its surface irregularities.

Figure 1 presents the measurement configurations. In
order to verify the geometry influence, spectra normaliza-
tion was performed using the Argonium (Ar) peak and
the final result was not altered. So the geometry was not a
first-order problem, although it was undoubtedly one of
the uncertainty sources.

The qualitative data analysis consisted of the peaks
area evaluation in each spectrum. The net area with its
deviation and background area were determined for each
element detected. The peak to background ratio was cal-
culated in order to certify the presence or absence of the
element. A ratio higher than 3 is enough to characterize the
presence of the element with robust statistical significance
(VAN GRIEKEN; MARKOWICZ, 2002).

Portable Raman spectroscopy equipment

The portable Raman spectrometer used in the mea-
surements was the Raman Inspector, Deltanu Company
from the Applied Nuclear Physics Laboratory of the State
University of Londrina (LFNA/UEL). The equipment has
a 120 mW and 785 nm laser with a resolution less than
8 cm−1 and 200 - 2000 cm−1 spectral range.
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Figure 1 – Example of a measurement in the base of one
of the samples using the pXRF equipment.

Source: The authors.

Results and discussion

Elemental analysis by pXRF

The elements K, Ca, Ti, Mn, Fe, Zn, and Sr were iden-
tified in all the samples. In general, the highest intensities
were from Fe, Ca, and Sr, respectively. Cupper and Pb
were found in code samples 19477 and 03869, respec-
tively, see Tables 1 and 2.

Figures 2 to 9 presents the spectra and the peaks net
area comparison between the raw material and the pig-
ments for the eight baskets described in Tables 1 and 2.
The error bars indicate the standard deviation in the net
intensity.

In sample 03810, it was noted a higher Ca, Fe and Sr
intensity in the base measurements compared to the side
raw material. No clear differentiation between the black
pigment and raw material was noted. In one of the sides
of sample 03811 there is an increase in Ca and Sr which
could indicate the use of bone black pigment. Moreover,
the increase in Fe would be related to black iron oxide
(Fe3O4).

In sample 03812 two measurement points presented
high Fe intensity, but no clear differentiation between
pigment and raw material was noted. It is supposed that
the pigments are organic compounds based which cannot
be measured by pXRF. The intensity differences in the
scattering region of the spectra (16 – 26 keV) are due to
organic compounds (light elements) and geometry posi-
tioning. In sample 03814 the black pigment is enriched
with K, Ti and Fe.

Sample 19477 is characterized by Cu (8.04 keV)
presence. In this sample the black pigment present higher
K, Ca and Sr intensities compared with the other two
points. Sample 03869 is characterized by Pb presence in
the side points of the sample. Lead could be an indicative
of environmental contamination from air dust or from car
exhaustion (fuel). Cupper could be from dust or mineral
provenance.

A relevant point is that the results have allowed to
hypothesize the organic composition of the pigments be-
cause in several samples it was not possible to infer dif-
ferences due to inorganic elements between the raw mate-
rial and pigmentation regions. The differences in organic
composition due to light elements (e.g. C, N, O) can be
inferred by differences in the scattering peaks intensity.
It is well known that the scattering peaks due to the X-ray
source carry on information from the “dark matrix” i.e.
from the content of organic compounds (VAN GRIEKEN;
MARKOWICZ, 2002).

It is important to notice that all of these baskets have
been donated to the Museum from earlier owners, who
were basically collectors or antiquarians. Thus, air con-
ditions during the decades previous to the entering of
the pieces to the Museum are impossible to determine,
being air contamination a perfectly logical possibility.
The MUSEF restorers attested that disinfestation sprays
were used in the organic materials deposit where the bas-
kets are commonly stored. However, the chemistry of the
products that have been used for decades is Pb and Cu free,
as reported by MUSEF staff. The disinfectant is basically
a mixture of Aluminum phosphide and Ammonium carba-
mate. In addition, the patrimonial objects are temporarily
covered with plastic during the aerial dispersion of the
products.

It was not possible to identify an element that would
allow the differentiation between raw material and pig-
ments which indicates organic sources for the pigments
production. The presence of the inorganic elements are
supposed to be from the wood raw material.

Principal component analysis with pXRF data

As mentioned before, the geometry of measurement
due to inhomogeneity of the weaved wood and due to
the object’s shape turns difficult the spectra comparison.
This problem is minimized when evaluation the spectra
from the base of each sample, i.e. the measurement in the
external bottom of each basket.
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Figure 2 – (a) Spectra and (b) peaks net area comparison for sample 03810.

(a) (b)

Source: The authors.

Figure 3 – (a) Spectra and (b) peaks net area comparison for sample 03811.

(a) (b)

Source: The authors.

Figure 4 – (a) Spectra and (b) peaks net area comparison for sample 03812.

(a) (b)

Source: The authors.
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Figure 5 – (a) Spectra and (b) peaks net area comparison for sample 03814.

(a) (b)

Source: The authors.

Figure 6 – (a) Spectra and (b) peaks net area comparison for sample 03819.

(a) (b)

Source: The authors.

Figure 7 – (a) Spectra and (b) peaks net area comparison for sample 19477.

(a) (b)

Source: The authors.
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Figure 8 – (a) Spectra and (b) peaks net area comparison for sample 03487.

(a) (b)

Source: The authors.

Figure 9 – (a) Spectra and (b) peaks net area comparison for sample 03869.

(a) (b)

Source: The authors.

Figure 10 presents the PCA with the complete spectra
data. The spectra were previously pre-processed with the
mean center. It was possible to discriminate the samples
in 3 groups.

Figure 10 – PCA score plot performed with complete
spectra from the external bottom of each basket.

Source: The authors.

Since we do not have precise data regarding the
provenance of the baskets, the PCA results can be ad-
dressed from a purely stylistic point of view. The distri-
bution of samples over the Y-axis (PC 2) makes some
sense since the baskets located above the positive di-
rection of PC2 tend to display decoration in a rectan-
gular shape, full panels of color which are reminiscent
of Lake Titicaca Tiwanaku-style pottery and sculpture.
Also, baskets with complex geometrical patterns woven
based on small checkered fall within this region of the
PCA space; similar baskets have been documented in
a specific context in Pulacayo (southern Bolivian Al-
tiplano) in association with Tiwanaku-style materials.
Nowadays those baskets are exhibited in ASUR Museum,
in Sucre city. At the same time, those baskets located in the
negative direction of PC2 tend to display diamond-shaped
motifs over a non-colored space, a style that we cannot
identify but could presumably come from elsewhere.
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Raman spectroscopy results

Raman measurements sought to identify pigment
characteristic bands. However, it was not possible to iden-
tify Raman bands in any of the dozens of measurements
performed. It was measured regions of the raw material,
regions with different pigments and colors, but in anyone
a representative signal was obtained. Probably the fluores-
cence of the sample and the very thin and/or deteriorated
pictorial layer thickness contributed to the non-detection
of the characteristic bands with the portable spectrometer
employed. Also, the low power of the portable spectrome-
ter could not be appropriate.

Conclusion

This was the first time that tinctures used in Andean
pre-Hispanic basketry from the MUSEF Collection were
evaluated with non-destructive analytical techniques.
The fact that the colored tones are organic, relates the
examined basketry with the domain of textiles in a
technical aspect. It suggests that vegetal fibers were dyed
by soaking them in organic tinctures prior to the weaving
process. However, differing from textiles, basketry was
devoted mainly to the manufacture of recipients, which
tend to imitate pottery shapes and functions.

It was not possible to determine the characteristics
Raman bands of the fiber or pigment samples with the
portable equipment employed. To obtain the pigments
spectra, micro-Raman measurements should be performed.
However, it must be done in a specialized laboratory with
samples transportation.

The elements K, Ca, Ti, Mn, Fe, Zn and Sr were easily
identified in the raw material and pigments using the pXRF
equipment. The differences in the peaks intensity from
colored points and raw material were not significantly
different. Therefore, it was not possible to identify inor-
ganic pigments in the samples.

Considering the exploratory multivariate analysis,
PCA tends to separate at least two groups of basketry
pieces within the sample set: one of them is stylis-
tically related to the Middle Horizon, Titicaca Lake
basin, and the other comes, presumably, from elsewhere.
To establish this initial difference is highly important,
although comparison with fragments or pieces from
archaeological context will be necessary in order to test
hypotheses on the causes of this difference. It may be
linked to different regional traditions of pottery making,
but factors such as chronology cannot be discarded.
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