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Abstract

In 2014 the Hispanic Society Museum & Library, New York, acquired a viceregal Spanish American lacquered gourd,
dating to 17th-century Colombia, which was decorated using an indigenous technique known as barniz de Pasto. This
technique employs local, raw materials, including natural dyes and a plant resin commonly known as mopa mopa,
harvested from Elaeagia pastoensis Mora trees that grow in the Andean rainforest. An in-depth scientific study of

the gourd aimed at determining its materials and manufacturing techniques, and at comparing the results with the
description of local botanical species reported by Alexander von Humboldt, the German naturalist and explorer, in the
account of his travels through the region in 1801. The use of several non-invasive techniques was followed by micro-
sampling. Initially, X-ray fluorescence (XRF) analysis was performed to evaluate the possible presence of inorganic
pigments, while fiber optics reflectance spectroscopy (FORS) and multiband imaging provided preliminary data con-
cerning the colorants. Dyes and pigments were fully characterized using Raman spectroscopy and high-performance
liquid chromatography with photodiode array detector (HPLC-PDA); a detailed description of the resin was obtained
with HPLC-PDA and pyrolysis-gas chromatography/mass spectrometry (Py-GC/MS); the metallic elements and overall
decoration were analyzed by scanning electron microscopy coupled with energy-dispersive X-ray spectroscopy (SEM/
EDS). Radiocarbon dating completed the technical information on the object. This work confirmed the identity of the
resin as Elaeagia pastoensis Mora, supporting an unequivocal classification of the gourd as a barniz de Pasto object;
the color palette was found to include some of the pigments listed by Humboldt, but also comprised other materials,
such as calomel, a rare white pigment based on mercury(l) chloride; examination of the decoration’s intricate stratig-
raphy provided insight into the complexity of the barniz de Pasto technique, in which silver leaf is typically applied

on top of a sheet of untinted resin and covered with a variable number of dyed resin layers; finally, a pre-1650 date
was firmly established for the gourd, which is in line with stylistic observations that had tentatively placed this object
in the early barniz de Pasto period. In addition to providing conservators with the proper tools to preserve similar
lacquered objects, the wealth of knowledge gleaned from this study has revealed fascinating details about the tech-
nique employed, demonstrating the extraordinary skill and craftsmanship of the artisans involved in the lacquer arts.

Keywords: Viceregal South America, Gourd, Barniz de pasto, Dyes and pigments, Calomel, Silver leaf, Resin, Mopa
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2014 (Fig. 1) [1], which was made in the 17th century
from a totuma or calabash from either Lagenaria sicer-
aria or Crescentia cujete [2], in Pasto, Colombia. This
object is decorated with an indigenous waterproofing
and decorative technique called barniz de Pasto after its
viceregal center of production, which employs local, raw
materials including a plant resin and natural dyes, and is
still in use today. The resin, commonly known as mopa
mopa, comes from harvested leaf buds of Elaeagia pas-
toensis trees (Additional file 1: Figure S1) that grow in the
Andean rainforest. In the traditional manufacturing pro-
cess, the resin was cleaned of plant debris by boiling and
chewing; after that, it was dyed, stretched into thin sheets
using hands and teeth, and layered with silver leaf to cre-
ate its iridescent and shiny appearance. The often intri-
cate decorations were then cut out of the dyed sheets,
inlaid or layered onto the surface of the object, and typi-
cally outlined with black and white pigmented strips of
resin (Fig. 2) [3].

Founded in 1539 in the southwestern part of present-
day Colombia, Pasto quickly became an administrative,
cultural, and religious center. Its location, at 2900 m
above sea level, largely intersects with the geographical
distribution of the Elaeagia pastoensis tree in modern
times, which stretches from Costa Rica and Panama in
the north to Peru in the south [4]. In the region of Pasto,
the barniz de Pasto tradition reportedly began under
the Spanish influence very early in the viceregal period
(1492-1810), and a thriving local craft industry contin-
ues to employ the resin today. Further south in Peru, on
the other hand, the Inka and their descendants had also
been using mopa mopa for over 250 years to decorate
wooden ceremonial drinking vessels known as geros [5].
According to Newman and coworkers [6], two species of
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the genus Elaeagia—both growing in these geographical
areas—produce copious resin, namely Elaeagia pastoen-
sis L. E. Mora [7] and Elaeagia utilis (Goudot) Wedd.
While the first was typically used for artifacts manufac-
tured in Pasto, the latter was mostly employed in Andean
geros produced by Inkas, and continued to be used by the
indigenous populations during the viceregal and modern
periods. Early research on Inka and viceregal geros (as
well as viceregal objects from Colombia and Ecuador)
before Newman’s work had identified mopa mopa resin
in various artifacts [5], but had been unable to differen-
tiate between the two species of resin-producing Elaea-
gia, leading to assumptions that the two traditions were
related. However, while it cannot be discounted that the
Pasto artisans had knowledge of the Peruvian geros, it
now appears unlikely that the barniz de Pasto tradition
evolved directly from that of geros [8].

In the viceregal period two different techniques using
Elaeagia pastoensis evolved contemporaneously: barniz
brillante, found on the gourd in this study and character-
ized by a glittering appearance, and matte barniz, which
employs pigment-saturated, matte resin to decorate
similar objects as barniz brillante, such as boxes, cas-
kets, portable desks, and table-tops. Although there are
references in early chronicles to objects that may have
been decorated with colored resin [9], the first mention
of artisans in Pasto was in 1676 by Lucas de Piedrahita
[10], a Roman Catholic prelate who served as the Bishop
of Panam4, who noted that the artifacts produced were
already “prized in these parts of Europe’, with reference to
Spain. Dating of the HSML barniz de Pasto collection has
assumed that, based on Piedrahita’s account, the earliest
objects cannot be vouchsafed a date before ca. 1650—
accounting for a generation to allow for the fame of the

America, New York

Fig. 1 Gourd vase (barniz de Pasto). Pasto, Colombia, 17th century. Lacquer, barniz de Pasto, H 12 cm, LS2400. Courtesy of The Hispanic Society of
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surface and outlined with black and white pigments

Fig. 2 Micrographs of four details from the gourd’s intricate decoration, showing two owls, a flower, a bird, and a unicorn inlaid onto the object’s
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craft to reach Europe. In addition, it has been observed
that earlier artifacts in the HSML collection incorporate
a more intricate decoration and iconography from early
modern illuminated manuscripts, while later pieces, on
the other hand, tend to include more generic and sim-
pler flora and fauna, displaying a design that is more evi-
dently imitative of Asian lacquer (Codding M, Personal
communication with author MK, 2019). In this context,
the elaborate decoration of the gourd investigated in this
study, which combines local flora and fauna with mythi-
cal creatures such as griffins and unicorns from early
modern Books of Hours, seems to be consistent with
what is observed in the earlier period of the barniz de
Pasto tradition.

Among the rare written sources regarding the barniz
de Pasto technique [10-13], the best known account
was compiled by Alexander von Humboldt, German
explorer and naturalist who travelled through the region,
from Cartagena to Lima, at the end of 1801 [14]. Dur-
ing his expedition, Humboldt researched and named the

locally-available pigments and colorants that he believed
were used in the production of barniz de Pasto objects,
also describing a thriving cottage industry, and report-
ing an unsubstantiated origin story for this art form that
allegedly dated to the beginning of the 17th century.
Despite an undeniably growing interest and fascination
with South American art, recently resulting in an increas-
ing number of technical studies on this topic [15-28], sci-
entific investigations of barniz de Pasto are still limited,
while more information can be found on related decora-
tive techniques. An article published in 1992 by Portell
[29] reports two Fourier-transform infrared (FTIR) spec-
tra of blue and green glazes from a polychrome wooden
statue of the Immaculate Conception created in Quito
using barniz chinesco, a technique in which gold and sil-
ver leaf were extensively applied together with transpar-
ent glaze layers to walls and ceilings of churches as well
as free-standing figures. In that work, the identifica-
tion of Prussian blue and copper resinate in such glazes
is accompanied by a commentary describing barniz de
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Pasto alongside similar techniques used in Latin America
during the viceregal period, and only a brief reference is
made to scientific analyses that were reportedly in pro-
gress at the time of publication. Another paper by Pearl-
stein and coworkers [5] describes the preliminary results
of a technical survey of 150 geros from four museum col-
lections, aiming to investigate their constituting materi-
als and methods of manufacture. Visual examination
followed by analysis with polarized light microscopy,
electron microprobe spectroscopy, FTIR, and gas chro-
matography/mass spectrometry (GC/MS) provided
insight on wood identification and found the geros’ deco-
ration to be mostly composed of mopa mopa resin with
orpiment, cinnabar, a few unidentified organic reds, lead
white, indigo, and copper-based greens. A subsequent
publication by a team including the same authors [30]
explores the occurrence of a titanium dioxide/silica white
pigment on 12 wooden Andean geros, characterized by
X-ray diffraction (XRD), X-ray fluorescence (XRF), and
Raman spectroscopy as mainly consisting of cristobalite,
anatase, and a-quartz. Another article by Newman and
Derrick [31] focuses on the identification of mineral pig-
ments, synthetic inorganic compounds, and natural dye-
stuffs in a number of paint samples removed from gero
cups in the holdings of four museums across the United
States. Furthermore, the results published by Curley and
coworkers, presenting the isotopic composition of lead
white pigments, have suggested the possibility of being
able to identify chronology and production centers from
pigment use on geros [32]. In 2015, Newman and cow-
orkers published a comprehensive study of resins from
Elaeagia pastoensis and Elaeagia utilis species, with a
special focus on the possibility of differentiating between
them analytically [6]. Analysis with FTIR, pyrolysis-GC/
MS (Py-GC/MS), and high-performance liquid chroma-
tography with photodiode array and mass spectrometer
detectors (HPLC-PDA-MS) was carried out on 19 her-
barium specimens of resin, and results were then com-
pared with data acquired from samples of inlays removed
from objects made during the viceregal period in Pasto
and from viceregal Inka geros. One of the most signifi-
cant technical studies of barniz de Pasto objects reported
in the literature was recently presented in an article by
Burgio and coauthors [33]. Their work investigates the
materials and techniques employed in the manufacture
of a rare table cabinet decorated with matte barniz in
the collection of the Victoria and Albert Museum (Lon-
don, UK), using, among other techniques, XRF, XRD,
FTIR, Raman spectroscopy, scanning electron micros-
copy coupled with energy-dispersive X-ray spectroscopy
(SEM/EDS), and micro-computed X-ray tomography.
While in this case characterization of the resin as mopa
mopa relied merely on FTIR analysis, the discussion of
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pigments found on the object mostly focused on the rare
discovery of mercury(I) chloride, or calomel, used delib-
erately as a white pigment.

In this context, an in-depth analytical study of the
HSML lacquered gourd was undertaken with four main
goals: first, to identify the resin and, thus, provide scien-
tific evidence to support an unequivocal classification of
the gourd as a barniz de Pasto object; second, to char-
acterize the pigments and colorants, and compare the
results with Humboldt’s description of local botanical
species; third, to examine the stratigraphy of the deco-
ration and gain insight into the complexity of the barniz
de Pasto technique; and fourth, to date the object pre-
cisely in an attempt to verify an extant theory according
to which pre-1650 pieces incorporate iconography from
early modern manuscripts, while in later objects simpler
flora and fauna dominated the decoration. In addition
to providing conservators with the proper tools to pre-
serve similar lacquered objects for future generations, the
wealth of knowledge gleaned from this study represents
a valuable addition to the existing body of literature,
revealing in detail, for the first time, the extraordinary
skill and craftsmanship of the artisans involved in the lac-
quer arts.

Experimental

The extensive campaign of scientific analysis per-
formed on the HSML gourd relied on a multi-technique
approach involving non-invasive and micro-invasive
techniques, the removal of samples (Table 1), as well as
the use of portable instruments for in-situ analysis and
benchtop equipment located in the Department of Sci-
entific Research (DSR) of The Metropolitan Museum of
Art (The Met). Initially, non-invasive XRF analysis was
carried out at the HSML conservation laboratory using
a portable spectrometer to gain preliminary informa-
tion on the possible presence of inorganic materials on
the gourd. After that, the object was transferred to The
Met for further non-invasive investigations by means of
a micro-XRF (uXRF) system, X-radiography, multiband
imaging, fiber optics reflectance spectroscopy (FORS),
and Raman spectroscopy. While the gourd was in over-
all good state of preservation, seven microscopic scrap-
ings and multi-layered samples for cross sections were
removed from disrupted areas and pre-existing losses.
Samples were photographed under polarized and ultra-
violet (UV) light; then, they were analyzed by surface-
enhanced Raman spectroscopy (SERS), HPLC-PDA,
and SEM/EDS, with the main goals to provide an unam-
biguous identification of the pigments and colorants,
and to offer insight into the complex decoration of the
gourd. Scrapings were also investigated with HPLC-PDA
and Py-GC/MS to afford a detailed characterization of
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Table 1 List of microscopic samples removed from the HSML gourd with corresponding descriptions and sampling sites

Sample Description Location

Area of green background on outer neck, where edge is broken and part of decoration has
Area of red border on inner neck, where edge is broken and part of decoration has
Area of golden and blue triangles on inner neck, where edge is broken and part of decora-

Area of yellow leaf near unicorn figure, where a small part of decoration has detached
Area of untinted resin on interior along fracture, where part of resin has detached
Area of silver-white moon on red band along fracture

ST Cross section of green decoration
detached
S2 Cross section and scraping of red decoration
detached
S3 Cross section of golden decoration
tion has detached
S4 Cross section and scraping of yellow decoration
S5 Fragment of untinted resin
S6 Cross section of silver-white decoration
S7 Fragment of bare gourd

Area of bare gourd on neck, where edge is broken and decoration has detached

the resin. In addition, a small fragment of bare gourd,
removed from a broken corner where the decoration had
detached, was sent to the Accelerator Mass Spectrome-
try Laboratory, University of Arizona (Tucson, Arizona),
for radiocarbon dating. Experimental conditions for the
analytical techniques used are reported in the following
section.

XRF Analysis was performed using an Elio XGLab
energy-dispersive portable XRF spectrometer, with a
high-resolution large-area silicon drift detector (SDD)
with 130 eV at manganese (Mn) Ka with 10 kcps input
photon rate (high-resolution mode), and 170 eV at MnKa
with 200 kcps input photon rate (fast mode). The system
is equipped with changeable filters, and a rhodium (Rh)
transmission target with 50-kV maximum voltage and
4-W maximum power. The size of the spot analyzed was
1 mm. Parameters employed for the analysis were 50-kV
voltage, 60-pA current, 120-s acquisition time, and no fil-
ter. Further analysis at higher resolution were conducted
by means of an open-architecture Bruker Artax pXRF
spectrometer equipped with a 0.2-mm collimator, using
unfiltered Rh radiation at 50 kV, 700 pA, and acquiring
each spectrum for 240 s in air.

X-radiography Computed radiography was carried out
using a Phillips MG321 X-ray system as a source and a
Carestream HPX-1 CR system with an 8” x 10” Kodak
Industrex Flex HR digital plate for digital capture. Two
exposures were made with aluminum primary-beam
filter removed, with a target-to-imaging-plate distance
of 90 cm. Exposure HSML-LS2400(20190521XR)001
was taken at 25 kV and 5 mA for 30 s. Exposure HSML-
LS2400(20190521XR)002 was taken at 16 kV and 4 mA
for 30 s. The captured images were processed using a
proprietary Carestream number 2 edge filter. Exposure
002 was adjusted for brightness (+0.3).

Multiband imaging All images were acquired with a
Nikon D90 modified DSLR camera equipped with a UV-
Vis-IR 60 mm 1:4 APO macro lens. For infrared reflected

(IRR) images, a Peca 910 filter was used; collection of
ultraviolet reflected (UVR) images employed a Peca 900
and a Xnite BP1 filter; visible images were recorded by
means of a IDAS-UIBAR filter. IR and UV reflectance
false color (IRRFC and UVRFC) images were obtained
by transferring individual color channel image data (red,
green, and blue channels, RGB) into a yellow/magenta/
cyan system in Photoshop. Specifically, IRRFC images
were produced by transferring the green and red chan-
nels of the visible image into yellow and magenta, respec-
tively, while the cyan channel was substituted with the
IRR image; and UVRFC images were created by trans-
ferring the blue and green channels of the visible image
into cyan and magenta, respectively, whereas the yellow
channel was substituted with the recolored UVR mono-
chrome image.

FORS Analysis was performed using an Ocean Optics
(USB2000 + UV/Vis) spectrometer equipped with a linear
silicon charge-coupled device (CCD) array. In this sys-
tem, the area selected for analysis is illuminated through
a halogen lamp coupled with fiber optics. Reflected light
is collected by a co-axial fiber and driven to the spec-
trometer. Analysis was carried out by positioning the tip
of the fiber optics at approximately 1-2 mm from the
object’s surface, resulting in a spot size of approximately
0.2 mm. Reflectance (R) data were converted to apparent
absorption using the Kubelka—Munk algorithm, as the
positions of the absorption features are considered to be
more constant and maxima are more informative [34].

Raman Analysis was conducted using a Bruker
Senterra Raman spectrometer equipped with an Olym-
pus 50x long working distance microscope objective and
a CCD detector. A continuous wave diode laser, emitting
light at 785 nm, was employed as the excitation source,
and two holographic gratings (1800 and 1200 rulings/
mm) provided a spectral resolution of 3-5 cm™!. The
output laser power was kept below 10 mW, while the
number of scans and integration time were adjusted to
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prevent damage from overheating and according to the
Raman response of the areas examined. Spectra were
interpreted by comparison with published literature and
library databases available at The Met’s DSR.

SERS Analysis was carried out using the same instru-
ment described above, in association with a Spectra
Physics Cyan solid state laser that provided excitation at
488 nm. Two pretreatment methods have been applied
consecutively on the same sample, in order to induce
hydrolysis of the dye-mordant complex bonds of the lake
pigments possibly present according to their chemical
class [35, 36]. In detail, each sample was initially treated
with 0.6 puL of 1% nitric acid, which hydrolyzes the dye-
mordant complex and, at the same time, prompts aggre-
gation of the silver (Ag) nanoparticles. After that, samples
were covered with a 2-uL. drop of Ag colloid and SERS
spectra were thus acquired. Upon rinsing, samples were
exposed to hydrofluoric acid vapor in a polyethylene
micro-chamber for 5 min and then covered with a 2-pL
drop of Ag colloid, followed by 0.5 pL of 0.5 M potassium
nitrate as aggregating agent. Ag nanoparticles were pre-
pared by microwave-supported glucose reduction of sil-
ver sulfate in the presence of sodium citrate as a capping
agent, according to a procedure previously published
[37]. Output laser powers below 0.4 mW were employed
for the analysis, with two integrations of 15 s.

SEM/EDS Analysis was performed with a FE-SEM
Zeiss Xigma HD system equipped with an Oxford Instru-
ment X-MaxN 80 SDD. Back-scattered electron (BSE)
imaging, as well as EDS elemental spot analysis and map-
ping, were performed in high vacuum at 20 kV, on 12-nm
carbon-coated samples.

HPLC-PDA Samples from the gourd were placed in
reactivials, soaked in 5-6 pL of a mixture of 10% boron
trifluoride (BF;) and methanol (2/3, v/v), stirred on a
Vortex, ultrasonicated for 5 min, then left at room tem-
perature overnight. 50 pL of BF; and methanol extract-
ing solution were then added to the reactivials and
evaporated under a gentle N, stream twice. The dye
extracts were recovered in 11 pL of methanol and 11 pL
of 1% aqueous formic acid (v/v). Each solution was fil-
tered, centrifuged for 5 min at 3500g, and the super-
natant thus injected into the HPLC system [38]. The
analytical system used consisted of a 1525 micro binary
HPLC pump, 1500 series column heater, in-line degas-
ser, and a Rheodyne 7725i manual injector with 20-pL
loop (Waters Corporation, Milford, Massachusetts). An
XBridge BEH Shield RP18 reverse-phase column (3.5-
pum particle, 2.1-mm LD. x 150 mm) equipped with an
XBridge BEH Shield RP18 guard column (3.5-pm parti-
cle, 2.1-mm LD. x5 mm, Waters Corporation, Milford,
Massachusetts) was used with a flow rate of 0.2 mL/min.
An Upchurch ultra-low volume pre-column filter with a
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0.5-um stainless steel frit (Sigma-Aldrich, St. Louis, Mis-
souri) was attached in front of the guard column. The
column temperature was set to 40°C. The mobile phase
was eluted in a gradient mode of (A) 1% formic acid in
deionized water (v/v) and (B) a mixture of methanol and
acetonitrile (1/1, v/v). The solvent gradient was as fol-
lows: 90% (A) for 3 min, 90—-60% (A) in 7 min in a linear
slope, 60—0% (A) in 24 min in a linear slope, 0-90% (A)
in 1 min, then held at 90% (A) for 10 min. A 2996 PDA
detector was employed to obtain spectral information in
the 210-800 nm range. Operation and data processing
were performed using Empower Pro software (2002).

Py-GC/MS Analysis was conducted on an Agilent
5973N gas chromatograph equipped with a Frontier
PY-2020iD Double-Shot vertical furnace pyrolyzer fit-
ted with an AS-1020E Auto-Shot autosampler. The GC
was coupled to a 5973N single quadrupole mass selective
detector (MSD). Samples of 60-70 ug were weighed out
in deactivated pyrolysis sample cups (PY1-EC80F Dis-
posable Eco-Cup LF) on a Mettler Toledo UMX2 Ultra
microbalance, and then derivatized with tetramethyl
ammonium hydroxide (TMAH) before pyrolysis. Deri-
vatization took place in the same cups as follows: 3.5 uL
of 25% TMAH in methanol (both from Fisher Scientific)
were added directly to the sample in each cup with a
10-uL syringe and, after 2 min, loaded onto the autosam-
pler [39]. The interface to the GC was held at 320°C and
purged with helium for 30 s before opening the valve to
the GC column. The samples were then dropped into the
furnace and pyrolyzed at 550°C for 30 s. The pyrolysis
products were transferred directly to a DB-5MS capillary
column (30 m x 0.25 mm x 1 pm) with the helium car-
rier gas set to a constant linear velocity of 1.5 mL/min.
Injection with a 20:1 split was used, in accordance with
the instrument’s recent performances and the sample
size. The GC oven temperature program was: 40°C for
1 min; 10°C/min to 320°C; isothermal for 1 min. The Agi-
lent 5973N MSD conditions were set as follows: trans-
fer line at 320°C, MS Quad 150°C, MS Source 230°C,
electron multiplier at approximately 1770 V; scan range
33-550 amu. As samples were derivatized with TMAH,
the detector was turned off until 4 min to avoid satura-
tion by excess of derivatizing agent and solvent. Data
analysis was performed on an Agilent MSD ChemStation
D.02.00.275 software by comparison with the NIST 2005
spectral libraries and available literature.

Preparation of cross sections Cross sections were pre-
pared by embedding each sample within a double layer
of methyl methacrylate resin (Technovit® 2000 LC).
Each layer of resin was cured under UV light for 20 min.
Excess resin was ground off and surface was finely pol-
ished using CarbiMet 2 and Micro-mesh abrasive paper
of various grits to expose the samples’ stratigraphy.
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Results and discussion

Resin

Identification of the resin was achieved by removing
a sample of untinted material from the interior of the
HSML gourd (S5), followed by analysis with HPLC-PDA
and Py-GC/MS. These results were then compared with
literature data and with those obtained from the investi-
gation of two reference samples of raw and boiled Eleae-
gia pastoensis resin. The first of these reference samples
(raw resin) was a gift from the barniz de Pasto workshop
of Gilberto and Oscar Granja in Pasto, which one of the
authors visited in 2011; it was broken from a brick of
unprocessed resin, destined to be colored and used in the
decoration of a modern object. The second (boiled resin),
collected in 2012 and subjected to repeated boiling, was
provided by Emily Kaplan, Objects Conservator at the
Smithsonian National Museum of the American Indian
(NMAI).

The HPLC-PDA chromatograms acquired from the two
references of Elaeagia pastoensis resin displayed slightly
different profiles in terms of their relative abundance of
detected compounds, which is likely attributable to the
different manufacturing process undergone by the two
materials upon harvesting (none vs. boiling). The most
characteristic molecules found in both reference samples
include two widely occurring natural flavones, luteolin
(16.11 min) and apigenin (17.88 min), as well as luteo-
lin monomethylether or related derivative (17.66 min)
(Fig. 3b). The series of compounds identified in the two
reference resins, along with their observed distribution,
are consistent with HPLC-PDA-MS results previously
reported by Newman and coauthors for Elaeagia pas-
toensis species [6]. According to their study, the distinc-
tion between specimens from Elaeagia pastoensis and
Elaeagia utilis may rely on the detection of a few addi-
tional components in chromatograms of the latter that
are not present in the former, namely quercitin, kaemp-
ferol, and the monomethyl ether of apigenin. Data col-
lected from sample S5 show an excellent correspondence
to those obtained for the reference of Elaeagia pastoensis
boiled resin (Fig. 3), both in terms of the series of char-
acteristic components detected and the relative amounts
observed, and are consistent with the results reported in
Newman’s article for samples from this plant species.

Similarly to what was observed for HPLC-PDA, when
analyzed with Py-GC/MS, the two references of Elaeagia
pastoensis resin were found to contain the same series
of distinctive compounds in different relative amounts,
which, as stated above, might be due to the different
manufacturing process undergone by the two materials
upon harvesting (none vs. boiling). Upon derivatization,
organic compounds containing acidic functional groups
in the sample, such as carboxylic acids, alcohols, and
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phenolic compounds, are deprotonated by the alkaline
TMAH and the resulting tetramethylammonium salts are
thermally converted to the corresponding methyl esters
in the hot injection port of the gas chromatograph. The
most characteristic molecules found in the two references
examined here include: glycerol derivatives (8—8.5 min),
along with various fatty acids, mainly stearic (23.36 min),
palmitic (21.52 min), and azelaic (17.48 min); several
compounds containing a single aromatic group (15.5-
18 min), including methyl ester of 3,4-dimethoxybenzoic
acid, 1-(3,4-dimethoxyphenyl)ethanone, 1,2-dimethoxy-
4-(1-propenyl)-benzene,  3,4-dimethoxybenzaldehyde,
methyl ester of azelaaldehydic acid, 1,3,5-trimethoxy-
benzene, and 4-ethenyl-1,2-dimethoxybenzene; two
cinnamic acid derivatives, i.e. methyl p-methoxycinna-
mate (19.01 min) and methyl 3,4-dimethoxycinnamate
(21.14 min); a series of unidentified, but recurrent com-
pounds (24—28 min); the dimethyl ether (29.71 min) and
trimethyl ether (31.05 min) of the flavonoid apigenin,
as well as the tetramethyl ether of the flavonoid luteo-
lin (32.68 min); and numerous pentacyclic triterpe-
noids (30-40 min) (Fig. 4b). The series of compounds
detected in the two reference resins and their observed
distribution are consistent with Py-GC/MS data previ-
ously reported for Elaeagia pastoensis species by New-
man and coauthors [6]. Their work shows that Py-GC/
MS chromatograms of Elaeagia utilis specimens contain
similar components as Elaeagia pastoensis, albeit in dif-
ferent relative amounts. Notably, two of the unidentified

Apigenin

Luteolin

or other derivative

Luteolin monomethylether

Normalized intensity

5 ' 10 ' 15 ' 20 ' 25
Retention time (min)

Fig. 3 a HPLC-PDA chromatogram at A=350 nm obtained upon

extraction in 4% BF; in MeOH of sample S5, i.e. a small chip of

untinted resin from the interior of the gourd, compared with b a

chromatogram acquired in the same conditions from a reference

sample of Elaeagia pastoensis boiled resin. Compounds identified

in both chromatograms include luteolin, apigenin, and luteolin

monomethylether or related derivative
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compounds eluting, in this case, between 24 and 28 min,
are reported to have been consistently found in Elaeagia
pastoensis samples, but only rarely in Elaeagia utilis spe-
cies, and can therefore be used as markers. The detection
of the latter molecules in the current analysis, along with
the observed overall distribution of marker compounds,
confirms that the two reference resins analyzed belong
in fact to the Elaeagia pastoensis species. The chromato-
gram obtained from sample S5, dominated by an intense
peak of methyl 3,4-dimethoxycinnamate, is consistent
with that of the reference of Elaeagia pastoensis boiled
resin (Fig. 4), both in terms of the series of distinctive
compounds detected and their relative amounts, and
concurs with data previously reported by Newman for
samples from this plant species.

The combined results of HPLC-PDA and Py-GC/MS
analysis conclusively confirmed the use of barniz de Pasto
to decorate the gourd, further corroborating the previous
classification based on visual examination and stylistic
considerations. Despite many descriptions of mopa mopa
in its raw state being greenish-yellow [6, 40, 41], the resin
used on the interior of the gourd appears reddish-brown,
which is a common feature to all the barniz de Pasto
objects in the HSML collection. Chromatographic analy-
ses have shown that no other colorants are present at the
sampling location aside from a series of flavonoids that
are inherent to the resin’s composition itself. Therefore,
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Fig. 4 a Py-GC/MS chromatogram obtained upon derivatization
with TMAH of sample S5, i.e. a small chip of untinted resin from the
gourd's interior, compared with b a chromatogram acquired in the
same conditions from a reference sample of Elaeagia pastoensis
boiled resin. Compounds identified in both chromatograms include
glycerol derivatives along with various fatty acids, several molecules
containing a single aromatic group, two cinnamic acid derivatives,
a series of unidentified but characteristic compounds, the dimethyl
and trimethyl ethers of apigenin, as well as the tetramethyl ether of
luteolin, and numerous pentacyclic triterpenoids
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a possible explanation for the observed color may lie in
the fact that the layer of resin applied to the interior of
the gourd is approximately 1-mm thick, i.e. significantly
thicker than the resin used on the outer decoration, and
laid directly onto the brownish gourd substrate. The resin
found on the exterior, on the other hand, is typically no
more than a few microns thick and laid on top of a sil-
ver leaf, which may account for its transparency and light
reflectivity.

Pigments and colorants

The gourd has a limited palette of translucent colors over
metal leaf: green is found in the background; red, pink,
yellow, gold, and blue dominate the decoration’s flora and
fauna; while saturated white, cream, and black are used
as outlines of the decorative elements. In his account,
Humboldt described the colors employed in barniz de
Pasto objects as dilute indigo for blue; pure indigo for
black; achiote, a dye derived from Bixa orellana seeds,
for red; the powdered extract of Escobedia scabrifolia, a
saffron-like root, over silver leaf for gold; and lead oxide
for white [14]. In the present study, characterization of
the pigments and colorants was mostly expected to con-
firm the presence of those locally available described by
Humboldt. It is also worth noting that a key feature of
the mopa mopa resin is its waterproof nature, as well as
the remarkable physical changes it undergoes from a pli-
able and elastic substance capable of being stretched into
translucent sheets to the shiny, rigid, and impermeable
finish observed on the surface of the gourd. The intrinsic
hardness of the resinous matrix in its final form [6] might
be one of the reasons why identification of the colorants
embedded in it has posed a longstanding challenge, and
the few attempts commissioned from external laborato-
ries by the HSML prior to this study failed (Newman R,
Unpublished report, 2015).

As expected, in-situ XRF measurements ubiquitously
detected silver, used in the gourd’s metal leaf, but yielded
no results on the colored areas, most of which, indeed,
were believed to be made of organic dyes. In addition,
XRF spectra displayed surprising mercury peaks, along
with chlorine, at several locations; this observation could
be explained by the findings in Burgio’s 2018 publica-
tion [33], in which the authors report on their discovery
of mercury(I) chloride (Hg,Cl,), or calomel, deliberately
employed as a white pigment on a 17th-century barniz
de Pasto box in the collection of the Victoria and Albert
Museum. Our initial analysis with a portable system was
subsequently refined by using uXRF to avoid interfer-
ence from adjacent regions and precisely locate mercury
and chlorine in the incredibly detailed decorations of
the gourd (Fig. 5a). The presence of calomel, inferred by
XRF in all the object’s saturated white details, flora and
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fauna outlines, and in the silver-white crescent moons
that frame the decoration quadrants, was unambiguously
confirmed by Raman spectroscopy due to the detection
of distinctive bands at 167 and 275 cm ™ (Fig. 5b) [33].

Calomel, naturally formed from the alteration of other
mercury-containing mineral ores such as cinnabar (HgS)
upon reaction with chlorine in the atmosphere or in
chorine-rich soils [42—48], has been known as an ingre-
dient in medications and cosmetics [49-51]. However,
it can also be manufactured artificially. A method of
production known for centuries and reported in a 19th-
century study of Japanese pigments involves sublimation
of a pulverized mixture of alum, mercury, and common
salt in a furnace [52]. Albeit produced in China prior to
the 10th century, only in the first half of the 16th century
did this compound become known to the Western world
[53], where it started to be manufactured, likely in Eng-
land, in the mid-17th century [54]. Deposits of cinnabar,
a natural precursor of calomel, are widespread in Central
and South America, and their exploitation dates back to
prehistoric times [55]. Intensive mercury mining in the
New World first began ca. 1400 B.C.E., predating the
emergence of complex Andean societies, and the earliest
activity targeted cinnabar for the production of vermilion
[56]. This practice strongly increased under the Span-
ish colonial government, when the use of the mercury
amalgamation technology for the extraction of gold and
silver reached its acme [57, 58]. Nowadays, the Narifio
province, where Pasto is located, is still one of the most
important regions for gold and silver mining. Although
45 cinnabar deposits have been recently inventoried in
Colombia [59], little is known about which ones were
exploited by pre-Hispanic cultures [55, 60]. Based on the
available documentary sources, it cannot be ruled out
that cinnabar exploitation to produce mercury for gold
and silver mining in Colombia may have begun under the
Spanish government. If this hypothesis is confirmed, the
possibility that natural calomel may have been employed
for the HSML gourd would be as viable as the use of an
artificially produced material.

Whites commonly used in South American artifacts
have ranged from calcium-containing minerals, such as
calcite, gypsum, and apatite [61-64], to lead white [65].
Similarly, scientific analysis carried out to date on gero
cups has highlighted a predominant use of lead white
in the form of hydrocerussite (basic lead carbonate,
2PbCO,4-Pb(OH),) and cerussite (neutral lead carbonate,
PbCO;) [5, 6], along with a naturally-occurring mixture
of cristobalite (SiO,), anatase (TiO,), and a-quartz (SiO,)
[30, 66]. In the collection of the HSML, lead white was
detected in a barniz de Pasto box dating to 1684 (New-
man R, Unpublished report, 2015), and this finding
appeared to support Humboldt’s description of white in
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barniz de Pasto objects as “made imperfectly with white
lead oxide” [14]. In the past year, however, calomel was
also identified by the authors on two barniz de Pasto cas-
kets dated to 1650 and 1700 in the HSML holdings (Pozzi
F and Basso E, Unpublished report, 2019), and simi-
lar results were obtained by scientists at the Fitzwilliam
Museum (Cambridge, UK) from the analysis of a 15th-
century illuminated manuscript and a late 16th-century
portrait miniature [67]. Before Burgio’s work, calomel
was never reported as a pigment in cultural heritage
objects. In addition to substantiating her initial finding
of calomel as an intentionally used white pigment, such
recent discoveries clearly indicate that this material was
more commonly employed in works of art and cultural
heritage objects than initially thought.

Red was an important color both to European and
pre-invasion indigenous cultures [68], and, in the region
of Pasto, several mineral and botanical sources could
yield an intense red hue. Among the red pigments his-
torically available in South America, cinnabar had been
used extensively as face and body paint by the Inkas,
for ceramics, as well as in Inka geros [24, 26, 69]. Simi-
lar shades of red could be also produced from certain
indigenous dyes, such as cochineal, obtained from
female insects of the Dactylopius coccus Costa species,
and achiote, extracted from the seeds of the Bixa orel-
lana plant [70]. In his account, Humboldt described the
red in barniz de Pasto objects as “derived from Urucu
(Bixa orellana, mixed with rubber milk) powder” [14].
Initial XRF analysis of the HSML gourd’s red decora-
tion revealed only trace amounts of mercury, leading the
authors to rule out a widespread presence of cinnabar.
Further testing with FORS, yielding spectra character-
ized by apparent absorbance maxima at 520 and 560 nm
(Fig. 6a), immediately suggested the possible use of an
organic red of animal origin [71]. While SERS of a micro-
scopic sample removed from the object’s inner neck (S2)
failed, likely due to the interference of the thick mopa
mopa layer in which the dye is embedded, extraction
with BF; and methanol followed by HPLC-PDA analysis
enabled the conclusive identification of carminic acid—
the main coloring component of cochineal—and some of
its methylated derivatives (Additional file 2: Figure S2).
This dye, also found by other researchers in a selection
of Andean geros [30, 31], was particularly popular in
the 16th and 17th centuries, becoming the third most
profitable traded commodity from the New World for
the Spanish after silver and gold, and displacing kermes
as the source of luxurious crimson and scarlet textiles
within 50 years of its introduction [65]. Called grana by
the Spanish, it had been cultivated on Opuntia cacti from
about 600 C.E. by the indigenous populations, who had
developed a sophisticated dyeing process with it, to the
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point that the many shades of red derived from cochineal
are each identified by name in the contemporary chroni-
cles [69, 72, 73].

Humboldt’s account of the yellow and gold found on
barniz de Pasto objects states: “Yellow is derived from the
powdered root of the Escobedia Flor. Per. or from saffron
from the earth. Gold is also made from Escobedia applied
on top of a silver leaf’ [14]. He believed the colorant to
be obtained from Escobedia scabrifolia, a locally grown

saffron-like root that is still used today in Colombian cui-
sine to color foods and drinks [74]. Yellow dyes are among
the most difficult cultural heritage materials to character-
ize analytically, mostly due to the lack of adequate spec-
tral databases to be used in identification studies and the
fact that hundreds of plants can produce yellow extracts
[75-77]. As observed in the case of red areas, XRF spec-
tra acquired from yellow and golden portions of the dec-
oration did not display any elements that could indicate
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Fig. 6 a FORS spectrum of a red area from the gourd, in which
apparent absorbance maxima at 520 and 560 nm suggest the
possible use of an organic red of animal origin. b, ¢ FORS spectra
of blue and green areas from the gourd, in which an apparent
absorbance maximum at 660 nm suggests the possible presence of

indigotin

the presence of inorganic pigments such as, for example,
orpiment. The organic nature of these colorants was fur-
ther supported by UVRFC imaging of the object (Fig. 7a),
in which all yellow dyes typically show as red [78-80].
From an analytical standpoint, FORS is generally not
suitable to characterize yellow colorants, as their spectra
appear broad and featureless, while SERS, again, yielded
no results due to the hard texture of the embedding
resin, thus interfering with the analysis. At first glance,
the HPLC-PDA chromatogram of a microscopic sam-
ple removed from a yellow inlay (S4) appeared to simply
contain the resin’s characteristic flavonoids, while neither
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Escobedia scabrifolia nor other yellow dyes—references
of which have been also examined for comparison—were
detected. However, close inspection of the data revealed
that the peak of luteolin, relatively to the other two flavo-
noids present, was more intense in S4 (yellow decoration)
than in the Elaeagia reference resin and S5 (untinted
resin), which might cautiously be interpreted as indica-
tive of the use of a luteolin-based yellow dye (Additional
file 3: Figure S3). However, it was not possible to confirm
this hypothesis as, in this case, a decision was made to
avoid removal of another sample to preserve the object’s
integrity.

Identification of the gourd’s blues and blacks, found
both in areas of the decoration as well as in all the dark
outlines of the inlaid figures, was relatively straightfor-
ward. Humboldt described the blue as “made by dis-
solving indigo in a lot of water and heating the resin a
little” and the black as produced “with a large quantity
of indigo, heating it a lot” [14]. As per his account, an
indigotin-based dye, likely indigo, was detected by FORS
due to the observation of an apparent absorbance maxi-
mum at 660 nm in the blue inner rim and in some of the
decorations’ outlines (Fig. 6b). This identification was
further supported by the Raman spectra of a selection of
blue and black elements accessible for analysis with the
system used, in which the main band of indigotin arises
at 1572 cm™! [81].

While Humboldt did not specify the pigments suppos-
edly employed for green areas in barniz de Pasto objects,
he did mention artisans chewing a ball of blue (presum-
ably indigo) and one of yellow (an organic yellow, likely
from Escobedia scabrifolia) to produce green. In accord-
ance with his description, IRRFC and UVREC images of
the gourd’s green background suggested the presence
of indigotin, which showed as red in the former, and of

is also provided for comparison

Fig. 7 a UVRFC and c IRRFC images of the gourd’s bottom, in which organic yellows and indigotin, respectively, show as red. A visible light image b
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organic yellows, which showed as red in the latter (Fig. 7)
[78-80]. The use of indigotin was conclusively confirmed
by FORS (Fig. 6¢) and Raman spectroscopy, while the
yellow component, in this case, was not analyzed micro-
invasively, although it is safe to assume that it could be
the same colorant found in the yellow and golden areas of
the gourd’s decoration.

Decoration stratigraphy

While a wealth of information on the materials of the
gourd was gathered using non-invasive techniques,
removal of five cross section samples followed by exami-
nation of their stratigraphy with optical microscopy and
SEM/EDS was crucial to shed light both on the object’s
manufacturing techniques and on the exact composition
of its metallic elements, primarily the silver leaf. Detailed
results regarding the layer structure of an artifact created
with the barniz de Pasto technique are reported in the
following section for the first time.

Polarized light and UV photographs of a first sample
(S1) (Fig. 8a), taken from the gourd’s green background
at a location on the neck where a large portion of the
decoration had detached, revealed a stratigraphy that
includes, from the bottom up, three layers of resin of
different colors, one orange, one yellow, and one green.
SEM/EDS enabled detection of a silver leaf of 1-pm
thickness between the yellow and green resin layers.
This leaf is composed of nearly pure silver with traces
of copper and mercury, as well as low amounts of chlo-
rine, possibly indicating the presence of silver chlorides
as degradation products.

Another sample (S2) (Fig. 8b) collected from the red
inner border showed that, unlike the green resin layer,
the red layer directly on top of the silver leaf in this area
is extremely thin, measuring about 20 pm versus the
over 100 um of each of the three layers of tinted resin
observed in the previous sample.

Interestingly, a third sample (S3) (Fig. 8c) removed
from one of the gold and blue triangles on the gourd’s
inner rim showed the presence of two distinct silver
leaves: the first is located in the lowermost portion of
the cross section, lying underneath a blue resin layer that
ranges between 10 and 20 pm of thickness; the other,
whose degradation is clearly indicated by the presence of
silver chlorides, is sandwiched between a superficial, 3 to
15-pum golden-white layer, mostly composed of a mixture
of calomel and lead white, and a dark yellow mopa mopa
layer of about 100-um thickness. It is worth noting that
the absence of gold in the EDS spectra supports Hum-
boldt’s description of golden colors in barniz de Pasto
objects as tinted resin over silver leaf; however, the actual
stratigraphy of the gourd’s golden areas as revealed by
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Fig. 8 Cross sectionsa S1,b S2, ¢ S3,d 54, and e S6, removed from
various areas of the gourd's decoration, revealing the complexity of
the barniz de Pasto technique

scientific analysis appears to be significantly more com-
plex than he believed it to be.

A yellow sample (S4) (Fig. 8d) taken from an existing
loss in one of the leaves near the unicorn figure was char-
acterized by a relatively simple structure, with a layer of
yellow-tinted resin of 120 to 150-pum thickness lying on
top of the 1-um thick silver leaf.

Finally, an additional sample (S6) (Fig. 8e), removed
from one of the crescent moons on the red border that
frame the quadrants of the gourd’s decoration, dis-
plays a more intricate stratigraphy that includes mul-
tiple layers. Polarized light and UV photographs, as
well as BSE images (Fig. 9a) and EDS data (Fig. 9b-d),
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revealed, from the bottom up, the following structure:
a yellow layer of mopa mopa resin of about 50-pm
thickness; a 1-um thick silver leaf, generally well pre-
served except for a blackened, exposed portion at left
that contains degradation products mainly in the form
of silver sulfides; a thin layer of red-tinted resin meas-
uring approximately 20 pum, similar to that observed in
sample S2; another 50-um thick layer of mopa mopa
that appears to have been tinted orange; a second silver
leaf, with associated silver chlorides indicating, again,
a possible degradation process; and the uppermost
layer, with an abundance of 2-um calomel particles
dispersed in a resin layer of 10-um average thickness.
Silver(I) sulfide (Ag,S) is reported as one of the most
common advanced degradation products of silver, typi-
cally found in the form of monoclinic crystals known to
mineralogists as acanthite and arising from a corrosion
phenomenon referred to as tarnishing [82]. The pres-
ence of silver sulfide in a number of white-, silver-, and
golden-looking details of the gourd’s decoration was
also confirmed with Raman analysis, due to the detec-
tion of broad bands at 92 and 241 cm™! [82], respec-
tively assigned to the Ag lattice vibrational modes and
Ag-S stretching modes.
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Radiocarbon dating

Preliminary hypotheses on dating the HSML gourd were
based solely on stylistic considerations and on the visual
examination of its decorative features. In particular, the
finely detailed decoration, along with the inclusion of
religious motifs and figurative elements from European
early modern manuscripts as well as local flora and fauna,
appear to be indicative of earlier artifacts dating to before
ca. 1650. However, European artistic fashions continued
to be popular in South America long after they ceased
to be practiced in Europe; therefore, radiocarbon dating
was performed, despite needing a 5-mg sample of gourd
substrate (S7). Results showed date ranges of 1492-1644
C.E. with a 95% probability and 1522-1638 C.E. with 68%
probability, which conclusively places the object under
study in the early barniz de Pasto period.

Conclusions

In addition to providing tremendous insight into the
variety of materials and manufacturing techniques
used in the HSML lacquered gourd, the current study
has unveiled a wealth of technical information regard-
ing the so far poorly studied barniz de Pasto practice.
Scientific analysis enabled us to unequivocally classify
the gourd as a barniz de Pasto object by characterizing
the resin employed for its decoration as Eleaegia pas-
toensis. The color palette was found to include some of

Silver sulfide b

sulfides, silver chlorides, and calomel

Fig. 9 a BSE image of cross section S6, removed from one of the crescent moons on the red border that frame the gourd's decoration quadrants.
b-d EDS spectra of three areas of the cross section corresponding to the marked red squares, highlighting, respectively, the presence of silver

Silver chloride € calomel d
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the pigments listed by Humboldt in his account, such
as indigo, but also comprises other materials, such as
cochineal for red and calomel, sometimes in combina-
tion with lead white, for whites and grays. Interestingly,
the identification of calomel in some of the gourd’s
decorations and outlines supports the recent, but still
rare, findings of mercury(I) chloride used deliberately
as a white pigment in a barniz de Pasto table cabinet
from the Victoria and Albert Museum [33] and in other
artifacts from the Fitzwilliam Museum [67], conclu-
sively demonstrating that this material was more com-
monly employed in works of art and cultural heritage
objects than initially believed. Examination of the
object’s stratigraphy in five microscopic cross section
samples, including up to six layers, revealed the incred-
ible complexity of the barniz de Pasto technique, in
which an extremely thin silver leaf is typically applied
on top of a layer of untinted resin, and covered with a
variable number of dyed resin layers whose thickness
ranges from 10 to over 150 pum. Finally, radiocarbon
dating, confirming for the gourd a pre-1650 date, sup-
ported stylistic observations that had placed this object
in the early barniz de Pasto period. While the study of
materials in Spanish American art is still in its infancy,
the current work clearly reveals the extremely sophis-
ticated knowledge that indigenous artisans had of bot-
any, mineralogy, and metallurgy, greatly contributing
to the current scholarship of a vibrant culture and its
artistic traditions.

From a conservation standpoint, the research on mate-
rials characterization contained in this article represents
the first step in the process of establishing conservation
protocols for barniz de Pasto objects. While the condi-
tion of barniz de Pasto artifacts in the HSML collection
is good, with both the decoration and structure assessed
as stable, a correct identification of their materials and
techniques was an institutional priority aiming to address
two basic conservation issues, namely delamination and
cleaning. Where delamination has occurred, it has often
been caused by movement in the wooden or vegetal sub-
strates as a result of changes in humidity. Losses on the
gourd in this study, for example, are concentrated in close
proximity to the main vertical crack and around the four
bored holes, originally meant for a stand, in the rounded
base. Prized as they were, barniz de Pasto objects have
been traditionally repaired with materials such as shel-
lac and wax, which often overlay the original decoration
and are absorbed into the substrate, making it difficult
to remove as well as attracting dirt. Therefore, the devel-
opment of materials-guided cleaning guidelines is a key
objective of further research in this field. In addition, one
important corollary of the present work for conserva-
tors is that the mopa mopa resin appears to be resistant
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to most solvents, which will allow for greater options in
terms of conservation treatments.

Supplementary information

Supplementary information accompanies this paper at https://doi.
0rg/10.1186/540494-020-00449-1.

Additional file 1: Figure S1. Photograph of the Elaeagia pastoensis L. E.
Mora plant. Photograph by Isau Huamantupa, Cerros de Kampankis, Ama-
zonas, Peru, August 2011. © Tropicos. Missouri Botanical Garden.

Additional file 2: Figure S2. (A) HPLC-PDA chromatogram at A = 490 nm
obtained upon extraction in 4% BF; in MeOH of sample S2, i.e. a scraping

of red decoration from the gourd'’s inner neck, compared with (B) a chro-

matogram acquired in the same conditions from reference carminic acid.

Compounds identified in both chromatograms include carminic acid and
two of its methylated derivatives.

Additional file 3: Figure S3. (A) HPLC-PDA chromatogram at A = 350 nm
obtained upon extraction in 4% BF; in MeOH of sample S4, i.e. a scraping
of yellow decoration from a leaf near the unicorn figure, compared with
chromatograms acquired in the same conditions from (B) a reference
sample of Elaeagia pastoensis boiled resin and (C) the extract of Escobedia
scabrifolia roots. Compounds identified in sample S4 include luteolin,
apigenin, and luteolin monomethylether or related derivative; luteolin
appears to be present in slightly higher relative amounts in sample S4
than in the Elaeagia reference, cautiously suggesting the use of a luteolin-
based dye.

Abbreviations

XRF: X-ray fluorescence spectroscopy; IRRFC: Infrared reflectance false color;
UVRFC: Ultraviolet reflectance false color; FORS: Fiber optics reflectance spec-
troscopy; SERS: Surface-enhanced Raman spectroscopy; SEM/EDS: Scanning
electron microscopy with energy-dispersive X-ray spectroscopy; HPLC-PDA:
High-performance liquid chromatography with photodiode array detector;
Py-GC/MS: Pyrolysis-gas chromatography/mass spectrometry.
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