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Abstract

colonial period.

For millennia, geros have been a primary component of ceremonially and politically important toasting rituals in

the Andes and retain their cultural significance to this day. These wooden drinking vessels underwent a stylistic and
technical revolution in the colonial period (1532-1821 AD). Among an array of features that distinguish colonial
geros from their Inka predecessors is the presence of lead white, a pigment that was introduced to the Andes by the
Spanish. Here, we present lead (Pb) isotope measurements of lead white pigments from 20 colonial geros from the
collections of the National Museum of the American Indian, the American Museum of Natural History, the Brooklyn
Museum of Art, the Metropolitan Museum of Art, and in a private collection. Although most of the vessels are not
known to be associated with one another, their lead white pigments fall into three distinct and internally consistent
groupings in Pb isotope space. We interpret the isotopic signatures of two of the groups to indicate that the lead
white was imported from Europe. We suggest that the largest grouping (comprising pigments sampled from 12
geros) is decorated with lead white of Andean origin. These isotopic signatures may have a chronological component,
and strongly suggest some form of centralization in pigment acquisition, manufacture, and/or distribution in the
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Introduction

Ceremonial drinking vessels have been produced and
used for toasting rituals in the Andes for millennia. Inka
vessels made of gold or silver are called aquillas. Inka and
colonial period vessels made of wood used for this pur-
pose are called geros, a Quechua word that means both
cup and wood. These vessels were fabricated and used in
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nearly identical pairs to make ceremonial toasts express-
ing reciprocal social, political, and religious relationships
[1]. Spanish chroniclers documented the important role
of geros in Inka culture [2] and their inclusion in legal
documents such as wills attests to their importance as
heirlooms and indicators of identity throughout the colo-
nial period [3-5]. Qeros are still used today and have
become a recognized symbol of the Inka Empire and the
persistent traditions carried out by descendants of the
Inka [6, 7].

Qeros were made by and for Andean communities, and
represent one of the most important forms of indigenous
artistic expression during the colonial period (1532-1821
AD) [8]. Notably, the decoration and designs found on
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colonial geros are radically different from those of their
Inka predecessors. The surfaces of Inka geros are incised
with regular, repeated abstract geometric designs such as
chevrons, zigzag lines, and focapu, modular motifs such
as concentric rectangles. In contrast, colonial qeros may
combine the Inka-style geometric designs with figural
motifs (typically fauna and flora) or human figures [1, 3,
9]. In addition, many colonial vessels are decorated with
elaborate pictorial scenes that portray human figures in
archaic imperial Inka dress, sometimes in combination
with figures in attire signifying certain ethnic groups
from Inka times or in European clothing. Other scenes
depict Inka ritual ceremonies in which geros were used
[8]. Some colonial geros incorporate European motifs
such as dragons, mermaids, and heraldic symbols. The
designs of colonial geros signify both the rapidly chang-
ing social dynamics of the colonial period and the per-
sistence of Inka traditions and identities amid these
changes.

Because they provide a window into the Andean indig-
enous colonial experience, geros have been extensively
studied by art historians, archaeologists, and anthro-
pologists [1, 6, 9]. Scholars have put forth numerous
ideas about the importance and role of qero imagery in
the colonial era. For example, Flores Ochoa et al. [10]
describe the role of qeros and qero imagery as a form of
native resistance to colonial rule. Cummins [1] empha-
sizes that while qeros were commodified as part of the
colonial economy, the imagery “transcended the intrusive
colonial aspects of production to have resonance within
the communities where [they] were used and seen” In
another view, Martinez [11, 12] maintains that the images
and designs that cover the surfaces of colonial qeros were
a system of communication that preserved social mem-
ory by recording aspects of the Andean conceptual and
symbolic universe. Zidlkowski [13] asserts that qeros
were used by indigenous elites to confirm and legally
legitimize their social rank, based on Inka ancestry, in
colonial society. We may never fully know the meanings
of geros for native Andeans at this time, but as many
indigenous forms of art and expression were severely
curtailed by the Spanish, the visual language preserved
on qeros is important to understanding the cultural rami-
fications of the tumultuous transition from the Inka to
the colonial era.

Given this importance, there have been considerable
efforts to interpret the motifs and themes depicted on
qgeros in the context of the times and places in which they
were produced. However, it remains difficult to assign
dates to qeros made during the colonial period and lit-
tle is known of the artists who created these objects or
where their workshops were located. While the corpus
of systematically excavated Inka and pre-Inka wooden
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vessels has increased since the late 19th and early 20th
centuries [14—17], most colonial geros now in museums
and private collections not only lack provenience but
also have poor collections provenance records. Thus,
there are few means of establishing the age or origin of
these vessels based on their collections histories. Nota-
bly, radiocarbon analyses of wood have provided broad
constraints on the ages of some geros, but the meaning
of these ages is uncertain due to several factors including
the use of wood from long-lived trees and the possibility
that artisans used or reused “old wood” in their manufac-
ture [3].

Because limited chronological information can be
obtained from either historical sources or isotopic dat-
ing methods, our current understanding of when specific
geros were made relies largely upon stylistic analyses of
surface decoration, manufacturing techniques, and mor-
phology. Various scholars have proposed relative chro-
nologies for colonial geros based on these factors [1, 10,
18, 19], but there is some question regarding whether
certain stylistic developments occurred sequentially or
simultaneously [1]. In addition, because colonial geros
display limited variability in size, shape, style, and ico-
nography, some have argued that there must have only
been a few workshops or locations where the vessels were
made [1]. Although some scholars have proposed specific
centers of gero manufacture based on either stylistic [12]
or archival evidence [1, 4], the identification of particular
production centers or areas remains speculative.

Qero polychromy in the colonial period

This study is part of the growing body of work [3, 20-26]
that applies a materials-based perspective to under-
standing the production of colonial geros. Several well-
documented technical shifts in gero decoration took
place during the colonial period. These include the use
of a wide variety of pigments and the proliferation of a
complex technique for applying polychrome inlays to the
incised designs. While it is speculated that some Inka
geros may have been colored, no such geros have yet
been identified in a securely Inka context. In contrast,
colonial geros are decorated with a variety of mineral-
based pigments, synthetic inorganic compounds, and
natural dyestuffs [3, 21-24, 26]. These include orpi-
ment and pararealgar for yellows and browns, cinnabar
and cochineal for reds and pinks, and indigo for blues
[23, 26]. Greens were created by combining indigo with
pararealgar/orpiment, or by using copper-based miner-
als and materials, including malachite, brochanite, and
possibly verdigris [23, 26]. Lead white was commonly
used for pure white and in mixtures with other colorants,
although a small subset of colonial qeros have an unu-
sual white pigment containing cristobalite, anatase, and
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a-quartz [3]. Notably, this titanium/silica-based white
pigment appears only on qeros that are considered to
be “early colonial” by other scholars based on style and
has therefore been proposed as a possible chronological
marker for qeros made in the earliest part of the colonial
period [3]. It appears the use of this pigment was soon
replaced by lead white as a result of Spanish influence [3].
The pigments were inlaid into incised designs with a
unique binder, a processed resin harvested from plants
of the genus Elaeagia, commonly called mopa mopa [24,
27]. Prehispanic antecedents of this resin-based poly-
chrome are unknown, but are believed to have originated
in the Pasto area of southwestern Colombia, where the
plant is found today and where Elaeagia resin is still used
in the manufacture of folk art [5, 20, 28-30]. Although
the use of many of the colorants and materials (includ-
ing mopa mopa) found on colonial qeros are known or
suspected to have been used for other artworks in Inka
times and before, this sophisticated resin-based poly-
chrome technique undergoes a florescence in the colonial
period for reasons that are not well understood [24].

Lead white pigments
Although many of the pigments decorating the surface
of colonial geros have a long history of use in the Andes,
lead white was not used prior to the colonial period. In
general, the term “lead white” refers to pigments that
have a lead carbonate base, which is usually either cerus-
site (PbCOs;), hydrocerussite ((PbCO;),(OH),), or a mix-
ture of the two [31]. Although Inka and pre-Inka groups
are known to have used lead metal and lead-copper alloys
[32, 33] there is no evidence that they ever made or used
lead-based pigments. Instead, white pigments found on
prehispanic Andean wall paintings, ceramics, and sculp-
tures generally contain gypsum, calcite, or clays [34-37].
Lead white not only appears on colonial geros, but has
also been identified on 16th century sculptures [38, 39]
and many colonial paintings from the Andes [40-46].
It was also used in combination with mopa mopa resin
in a related colonial art form known as barniz de Pasto,
produced in Pasto, Columbia and Quito, Ecuador for the
Spanish market (see Additional file 1 for further details
on white pigments found on barniz de Pasto objects).
The appearance of lead white on Andean objects
during the colonial period was almost certainly the
result of Spanish influence. The earliest European
painters arriving in Cuzco brought with them techni-
cal expertise derived from a longstanding tradition of
manufacturing artificial lead white pigments [45]. Lead
white has been produced and used across Europe since
antiquity and was described by scholars such as Theo-
phrastus [47] and Pliny [48, 49]. There are many known
historical recipes for synthesizing lead white, a process
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by which metallic lead is oxidized to lead carbon-
ate compounds (generally cerussite or hydrocerussite)
using reactions between lead metal, acetic acid, oxygen,
and carbon dioxide [31, 50]. Cerussite and hydrocer-
ussite also occur as minerals, although their naturally
occurring forms have historically been used rarely as
pigments.

In the early years of the Spanish Viceroyalty in Peru,
written documents provide direct records of Spanish
imports of lead white, along with other pigments, to
the Americas. In a notable example [45, 51], one of the
Libros reales de Potosi (Royal Books of Potosi), which
records levies of sales tax between 1597 and 1625,
counts “ceruse of Seville” (lead white) among goods
to be valued for taxation. In addition, Siracusano [45]
and Lewin [51] cite a manuscript from the first half of
the 17th century written by an anonymous Portuguese
merchant, entitled “Inventory of all the kinds of mer-
chandise that are necessary for Peru and without which
they cannot manage, since they are not manufactured
in the land,” which names lead white in its extensive list
of goods.

Here, we investigate the origin of the lead white pig-
ments applied to colonial qeros by measuring their lead
(Pb) isotope compositions. The large natural variation of
Pb isotope ratios among ore deposits combined with the
preservation of primary source signatures in processed
or extracted materials make Pb isotopes extremely useful
indicators of provenance. Indeed, Pb isotopes have been
used in archaeology for well over six decades to identify
or constrain the sources of many types of artifacts includ-
ing metals, minerals, ceramics, and pigments (for a par-
tial history of the use of Pb isotopes in archaeology, see
Killick et al. [52]), and have also been applied to objects
in cultural heritage and art historical studies. In particu-
lar, the Pb isotope composition of lead white paints has
been used to discern the sources of lead white used by
European artists from medieval times through the 20th
century [53-57] and for investigating the authenticity of
paintings with uncertain attributions [57, 58].

When applied to colonial geros, Pb isotopes can help
distinguish between lead white pigments imported from
Europe versus those produced from local Andean ores.
However, isotopic measurements can potentially provide
insights beyond provenance. Isotopic differences among
geros may not only reveal distinct sources of lead white
on these vessels, but also could potentially be used to
track the manufacture of qeros in different production
centers or track shifts in pigment sources through time.
By investigating the source(s) of these lead white pig-
ments, we seek to contribute to a broader understanding
of both the manufacture and chronology of these ritual
vessels in the colonial period.
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Methods

Samples

We analyzed lead white pigments removed from 20
colonial qeros that currently reside in the collections of
the National Museum of the American Indian (NMAI),
the American Museum of Natural History (AMNH),
the Brooklyn Museum of Art (BMA), the Metropoli-
tan Museum of Art (MMA), and in a private collec-
tion (Table 1). Pictures of a subset of these objects are
given in Fig. 1, but images of all qeros from this study
are provided in Additional file 2. Using information
available in the published literature, we have compiled
the dates associated with specific vessels (based on
either stylistic characteristics or radiocarbon dating) in
Table 2. Details of the radiocarbon dating on one of the
qeros (Private Collection A) have not been previously

Table 1 Isotopic ratios of lead white on geros
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published and are provided as additional files (see
Additional file text, Figs. S1 and S2 and Table S1 in
Additional file 3). Two of the geros in our sample set
(BMA 64.210.2 and BMA 36.356) are a pair. Although
many of the qeros had lead white pigments in multiple
design elements, for most of the objects, pigment was
removed from one spot on each vessel. However, one
of the qeros (AMNH 41.2/516) had two spots sampled
(Table 1). Because successful Pb isotope analysis typi-
cally only requires between about 5 to 50 nanograms
(ng) of Pb, the amount of material needed is minimal;
our samples were about the size of a grain of sand or
smaller. Samples of this size contain more Pb than
needed for analysis, do not result in readily discernible
damage to the object, and are large enough not to be
lost during handling or sample preparation.

Museum ID 208p,/207pp 208pp/207pp 206p/204pp 207pp/204pp 208pp/204pp
Group 1 (European source inferred)

AMNH B9165° 2.0968 1.1726 18.376 15.671 38531
BMA 36.356 2.0971 1.1725 18.375 15.672 38.533
NMAI 06/5838 2.0969 1.1726 18.374 15.670 38.529
Average 2.0969 1.1726 18.375 15.671 38531
2SD 0.0002 0.0001 0.001 0.002 0.004
Group 2 (European source inferred)

AMNH B9180° 2.0852 1.1790 18422 15.625 38414
BMA 64.210.2 2.0869 11775 18414 15.639 38429
BMA 1993.2 2.0867 11773 18.409 15.637 38413
MMA 1994.35.13 2.0865 11773 18411 15.638 38414
Private collection A 2.0850 1.1798 18435 15.626 38436
Average 2.0861 1.1782 18418 15.633 38421
25D 0.0017 0.0023 0.021 0014 0.021
Group 3 (Andean source inferred)

AMNH B1848° 20727 1.1929 18.666 15.648 38.690
AMNH 41.2/516 -spot 1 2.0731 1.1912 18.632 15.640 38.625
AMNH 41.2/516 -spot 2 20728 1.1915 18.635 15.640 38.624
AMNH 41.2/602 20724 1.1916 18.631 15.636 38610
AMNH 41.2/7659A 20727 1.1915 18.633 15.638 38618
BMA 42.149 20721 1.1920 18.643 15.642 38.633
MMA 1994.35.25 20722 1.1921 18.644 15.639 38.635
MMA 1994 .35.26° 20726 1.1915 18.634 15.639 38.621
NMAI 06/5837 20727 1.1916 18.635 15.637 38.624
NMAI 10/5636 20726 1.1917 18.633 15.637 38617
NMAI 16/6131 2.0730 1.1914 18.634 15.640 38.627
NMAI 17/5445 2.0730 1.1913 18.631 15.640 38.622
Private collection B 2.0725 1.1915 18.632 15.638 38615
Average 20726 1.1917 18.637 15.640 38.628
2SD 0.0006 0.0009 0.019 0.006 0.040

@ Average of duplicate measurements
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Fig. 1 Examples of geros from each isotopic grouping identified in this study. a AMNH B9165; b BMA 1993.2; ¢ NMAI 17/5445. Isotopic

measurements suggest that the lead white pigments on geros in panels (a) and (b) are of European origin while those on the gero in panel (c) are
derived from an Andean source. The geros in panels (a) and (b) have been attributed to the late 1500 s or early 1600 s on the basis of style [19, 77]
while the gero in panel (c) has been attributed to the 1700 s [1]

Table 2 Qero ages based on stylistic chronologies and isotopic methods

Museum ID

Published chronologies

14C ages/Calendar age range*

Group 1 (European source inferred)

AMNH B9165
BMA 36.356
NMAI 06/5838

Group 2 (European source inferred)

AMNH B9180

BMA 64.210.2

BMA 1993.2

MMA 1994.35.13
Private collection A

Group 3 (Andean source inferred)
AMNH B1848
AMNH 41.2/516

AMNH 41.2/602
AMNH 41.2/7659A
BMA 42.149

MMA 1994.35.25
MMA 1994.35.26
NMAI 06/5837
NMAI 10/5636
NMAI 16/6131
NMAI 17/5445
Private collection B

Late 16th century [19]

Late 16th to 17th century [77]
Late 16th to 17th century [77]
Early to mid-17th century [78]

Late 17th to early 18th century [1]

Late 17th to 18th century post-1630 AD [19]

Late 17th century [78]
18th century [19]

18th century [1]

Resin: 180+ 15 "C years BP
1671-1923 cal years AD

Wood: 300+ 15 'C years BP
1513-1664 cal years AD

Wood: 185 30 'C years BP**
1666-modern cal years AD

*Radiocarbon ages were calibrated using Oxcal v. 4.3 [79] and the SHCal13 atmospheric curve [80]. Details of the radiocarbon dating of resin and wood from “Private

Collection A" are given in Additional file 3

**The "C age on AMNH 41.2/516 was reported in Cooke et al. [81]
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Lead isotope analysis

The isotopic measurements were made using an Iso-
Probe multi-collector inductively coupled plasma mass
spectrometer (MC-ICP-MS) in the Department of Geo-
sciences at the University of Arizona. The samples were
dissolved in an ultra-pure nitric acid (HNO;) solution
and then diluted to Pb concentrations of ~25 ppb in a
0.1 M HNO, matrix for analysis. Analytical protocols fol-
low those presented in Thibodeau et al. [59]. All results
were normalized to values reported by Galer and Abou-
chami [60] for the National Institute of Standards and
Technology standard reference material 981 (NIST SRM
981).

Errors were calculated from the external reproducibil-
ity of NIST SRM 981 over the course of each measure-
ment session. Errors (2 SD) were ~0.01% for 207Pb/?%°Pb
and 2%%Pb/?%°Pb ratios;~0.02% for 2°°Pb/***Pb and
207ph/2%ph  ratios; and~0.03% for 29Pb/2%Pb ratios.
Four sample solutions were measured twice to check
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reproducibility, and, in these cases, the average ratios are
reported (see Table 1). Errors calculated from the repro-
ducibility of individual sample solutions were smaller
than errors calculated from the external reproducibil-
ity of NIST SRM 981. Analytical blanks contained <100
picograms of Pb, which is many orders of magnitude
smaller than the quantity of Pb in each sample solution.

Results

The qeros can be divided into three groupings based
on the isotopic signatures of their lead white pigments
(Table 1; Figs. 1, 2 and 3). These groupings are appar-
ent on bivariate plots no matter which Pb isotope ratios
are chosen (Fig. 2). For simplicity of discussion, we
label these groups 1-3 in ascending order of their mean
206ph/2%4Ph ratios: Group 1 has a mean 2°°Pb/2%Pb ratio
of 18.3754+0.001 (2 SD, n=3), Group 2 has a mean
206ph/2%ph ratio of 18.418+0.021 (2 SD, n=5), and
Group 3 has a mean 2%°Pb/?*Pb ratio of 18.637 £0.019
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Fig. 2 Lead isotope composition of lead white pigments from colonial geros and lead white paints from European paintings. Note that pigments
in Groups 1 and 2 overlap with signatures of lead white paints from 17th-19th century Europe, but that pigments in Group 3 do not. See text for
further explanation. Note that Keisch and Callahan [57] and Fabian and Fortunato [64] do not provide isotopic signatures of individual paintings,
but instead report the ranges of isotopic ratios measured on groups of paintings. Accordingly, we depict these signatures as regions using only the
specific isotopic ratios provided by each study. Symbols are larger than errors. Data on European lead white paints were compiled from refs [53, 54,




Curley et al. Herit Sci (2020) 8:72 Page 7 of 12
39.50
Central Andean ores
[ European lead white paints (17th-19th centuries)
9 Group 1 o
39.25 > Group 2 lead whlt_e pigments
on colonial geros
| A Group 3
39.00 [~
-Q -
A
<
o
5 38.75
o A
o}
g - 2
O
38.50 [~
kg -
38.25 - o
38 00 1 l 1 l 1 l 1
15.55 15.60 15.65 15.70 15.75
207Pb/204pb
Fig. 3 Lead isotope composition of central Andean ores, European lead white paints, and lead white pigments from colonial geros. Although
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well with the specific ranges of Pb isotope ratios that characterize contemporary European lead white paints. Thus, we suggest they derive
from European and not Andean sources. In contrast, pigments in Group 3 have isotopic ratios that not only separate them from European lead
white paints, but also that are very typical for ores in the central Andes (compare to data in Macfarlane and Lechtman [62], see text for additional
discussion). Ore data were compiled from refs [62, 66-69]. Data on European lead white paints are the same as displayed in Fig. 2. Symbols are larger
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(2 SD, n=13) (Table 1). The majority of the geros in this
study (12 of 20) fell into Group 3. The two geros in our
sample set that form a pair (BMA 64.210.2 and BMA
1993.2) have lead white pigments with matching isotopic
compositions (Table 1). In addition, the two discrete
lead white samples taken from one of the qeros (AMNH
41.2/516) have isotopic ratios that are identical within
analytical error (Table 1).

Discussion
Origin of the lead white pigments used on colonial geros
It is notable that the geros cluster into only three rela-
tively “tight” groupings in Pb isotope space (Figs. 2 and
3). With the exception of the one pair within our sample
set, the geros in this study are not known to be associ-
ated with one another either spatially or temporally. It is
therefore intriguing that their lead white pigments dis-
play such limited isotopic variation.

Notably, the isotopic signatures of the three qeros in
Group 1 are identical within our measurement errors.
There is slightly more spread among qeros in Groups 2

and 3, but in each case, the clustering is still extremely
tight. For example, if we exclude AMNH B1848 from
the 12 qeros represented in Group 3, the spread in
206ph/204ph, 207pb/2%4pb, and 2%Pb/?**Pb ratios among
the objects is only about twice the magnitude of the ana-
lytical error (at the 20 level) or less. Regardless, the very
small scatter among ratios within Groups 2 and 3 is still
well within the variation that can be expected in natural
sources. The preservation of just three signatures across
twenty qeros suggests that the acquisition, preparation,
and/or use of lead white by Andean artists was likely cen-
tralized or limited in some way. This uniformity not only
indicates that qeros within each grouping likely share a
common geologic source of lead white, but also could be
interpreted as evidence that the same batch of lead white
pigment was used to decorate many of the vessels within
each group.

Given that Pb isotopes vary widely in nature on both
small and large spatial scales, a limited number of geolog-
ical sources are represented by the pigments in our sam-
ple set (for recent reviews on how geological constraints
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impact the Pb isotope systematics of ore deposits, see
Albaréde et al. [61]; Macfarlane and Lechtman [62]; and
Killick et al. [52]). Usually, determining the geologic
provenance of a material, such as pigment, would entail
comparing it to possible ore sources from which it could
have been derived. However, not only is there a large
number of lead-bearing ore deposits in both the Andes
and Europe but there is also substantial overlap in the
Pb isotope compositions of non-ferrous mineral depos-
its from these two regions of the world (for compilations
of Pb isotope data from each region, see Killick et al.
[52]). Thus, without a means of narrowing candidate ore
deposits within the Andes or Europe, it is not possible to
unambiguously determine the origin (Andean vs. Euro-
pean) of the lead white pigments by comparison to geo-
logical materials alone (see Fig. S3 in Additional file 4).

Fortunately, other existing Pb isotope data provide the
opportunity for a more strategic approach to discerning
the provenance of the pigments in this study. These data
derive from lead white paints associated with European
art created from the 16th through early 19th centuries
[53, 54, 57, 63]. Thus, to evaluate the possibility that colo-
nial geros were decorated with lead white imported from
Europe, we do not rely on simple comparisons to ore
data. Instead, we directly compare our results to the Pb
isotope ratios of lead white paints present on contempo-
rary (late 16th—early 19th century) European artwork.

Several studies have examined the isotopic composi-
tion of lead white paints used in Europe at this time. The
first and most comprehensive of these was undertaken
by Keisch and Callahan [57] who measured the isotopic
ratios of more than 400 samples of lead white from Euro-
pean and American works of art spanning the 13th to
20th centuries. Unfortunately, they did not directly pub-
lish most of these data, but instead summarized them in a
series of tables and figures [57]. In one of their summary
tables, they report the range of isotopic ratios measured
on these artworks according to the century in which they
were produced. Their results clearly show that, during
the 17th and 18th centuries, lead white used by Euro-
pean artists had a limited range of isotopic compositions
(Fig. 2a). Although they do not provide a list of the paint-
ings analyzed, their sample set from these two centuries
includes 82 samples from Dutch (including Flemish and
Belgian), English, German, Italian, and Spanish works of
art.

Although Keisch and Callahan [57] do not, for the
most part, report the isotopic ratios measured on indi-
vidual paintings, there are more recent isotopic studies
of lead white paints that do. These studies report Pb iso-
tope ratios measured on lead white from paintings cre-
ated by 17th century Flemish and Dutch artists [53, 63]
as well as 18th and 19th century British and Swiss artists
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[54]. Notably, the studies are broadly consistent with one
another (Fig. 2a—c), and all the isotopic data they contain
fall within the range of signatures originally proposed by
Keisch and Callahan [57] (Fig. 2a). The limited isotopic
variation observed in European paintings created over
several hundred years has been explained by citing the
large-scale production of lead white in the Netherlands
and Great Britain during the 17th, 18th, and early 19th
centuries and the likely use of British ores in both pro-
duction centers at that time [54].

Irrespective of the exact ore deposits used, these pre-
vious characterizations of European lead white paints
provide a basis to evaluate the provenance of lead white
pigments applied to colonial geros. Pigments in two of
the groupings (Groups 1 and 2) have isotopic ratios that
are consistent with a European provenance. In particular,
pigments in Group 2 are especially similar to 17th, 18th,
and 19th century lead white paints from Europe [53, 54,
63] in all dimensions of lead isotope space (Fig. 2 and Fig.
S4 in Additional file 5). The isotopic ratios of pigments
in Group 1 are slightly offset from the main cluster of
17th—19th century European lead white paints in Fig. 2,
although they still fall within the bounds proposed by
Keisch and Callahan [57]. Intriguingly, the signature of
the pigments in Group 1 may match that of lead white
used in 17th century Italy. Although they do not provide
a table of data, Fabian and Fortunato [64] report that lead
white paints on a group of 17th century Italian paint-
ings have 2°°Pb/?*Pb ratios between 18.37 and 18.40 and
207ph /204pp ratios from 15.64 to 15.68 (2%*Pb/2%Pb ratios
are not given) (Fig. 2c). These signatures align well with
qeros in Group 1 (Fig. 2¢). An Italian origin for the lead
white pigments in Group 1 is plausible given historical
evidence that Italian traders were important suppliers
of lead white to multiple regions of Spain, particularly in
the 16th century [65]. Thus, it is possible that pigments
in Group 1 were imported to the Andes from Spain rela-
tively early in the colonial period.

Overall, there is an excellent match between the lead
white pigments in Groups 1 and 2 and contemporary
European lead white paints. However, we note that the
isotopic ratios of Groups 1 and 2 also overlap with some
ore deposits within the Andes (Fig. 3). Despite this over-
lap, it is doubtful that these pigments were made from
Andean lead. The range of isotopic signatures found
on European lead white paints is quite small relative to
Andean ore deposits (Fig. 3). Further, as shown in Fig. 3,
there are relatively few isotopic measurements of Andean
ores that actually coincide with the signatures of pig-
ments in Groups 1 and 2 (and the European lead-white
paints) (see Fig. S4 in Additional file 5 for alternate visu-
alizations of these data). Based on these observations, it
seems highly unlikely that the isotopic correspondence
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between European lead white paints and pigments in
Groups 1 and 2 is purely coincidental, especially in light
of historical evidence for the import of European lead
white to the Andes during the colonial period [45, 51].
Based on the totality of evidence, we strongly favor the
interpretation that qeros in Groups 1 and 2 are decorated
using lead white imported from Europe.

Unlike Groups 1 and 2, lead white pigments in Group
3 have isotopic signatures that diverge significantly from
the large corpus of European lead white paints (Figs. 2
and 3). Comparison with Andean ores [62, 66—69] reveals
that the signatures of these pigments coincide well with
geological materials in the Andes (Fig. 3). Based on these
observations, we suggest these pigments derive from an
Andean source. Unfortunately, we cannot identify a spe-
cific source for the lead because the isotopic composition
of pigments within Group 3 is not unique to ore depos-
its in any one region of the Andes. Indeed, if we compare
Group 3 pigments to the Pb isotope provinces proposed
by Macfarlane and Lechtman [62] for the central Andes,
the isotopic signatures of the pigments are consistent
with multiple geographic regions. The similar Pb isotope
signatures of many ore deposits across western South
America can be attributed to the fact that many ore
deposits are of similar age (Cenozoic), formed through
similar processes, and share the same tectonic setting
(52, 62].

If the pigments in Group 3 are Andean in origin, as we
suggest, there are several possibilities for how they were
produced; they could have been made by indigenous
Andeans using native metallurgical technologies or using
techniques learned from Europeans. Pigment could also
have been obtained from Europeans with the exper-
tise to produce it locally. One intriguing prospect is that
Andean artists could have made lead white not through
the corrosion/oxidation of lead metal (as was stand-
ard practice in Europe at the time), but by using natural
deposits of cerussite, as suggested by Tomasini et al. [39],
citing the possible use of natural cerussite in a priming
layer on a late 16th century polychrome sculpture made
by Andean native Francisco Tito Yupanqui. Although the
isotope analyses presented in this study cannot reveal the
technical aspects of lead white production, our evidence
for an Andean origin for the lead white on many colonial
geros raises new questions about how indigenous arti-
sans adopted and perhaps eventually produced a pigment
originally of Spanish introduction.

Implications of Pb isotopes for gero production

and chronology

If both European and Andean lead white were used on
colonial geros, as we suggest based on the Pb isotope
data, these findings have several important implications
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for our understanding of these vessels. Although plac-
ing the geros investigated here into a relative chronology
based on stylistic/iconographic/morphological attributes
is beyond the scope of this study, it is possible that these
isotope data record a chronological shift, with Andean
artists initially using European lead white and then incor-
porating pigment manufactured from an Andean source
starting at a later date.

It seems likely that the earliest examples of lead white
pigment are of European origin given the body of work
documenting European import and the absence of this
pigment in the Andes prior to the colonial period. Fur-
ther, we note that this interpretation is not contradicted
by the previous placement of some of these geros within
published stylistic chronologies. For example, at least
some of the geros decorated with European lead white
have been attributed to the earlier part of the colonial
period based on style (Table 2). These include the pair of
geros within Group 2 (BMA 64.210.2 and BMA 1993.2)
and at least one of the vessels (AMNH B9165) in Group
1. In contrast, many of the qeros decorated with what we
suggest is Andean lead white have been assigned late 17th
or 18th century dates by stylistic chronologies (Table 2).
Characteristics thought to be typical of the “later” colo-
nial period include decoration with elaborate pictorial
scenes and the use of a broad palette of colorants [21].
Additionally, some of the qeros within Group 3 are
footed (e.g., NMAI 17/5445 and AMNH B1848, see Fig. 1
and Additional file 2), another trait thought to appear
during the later colonial period (Thomas Cummins per-
sonal communication, 2020). Although a possible chron-
ological aspect to the data is intriguing, we do not have
enough information to determine when Andean lead
white first appeared, or to discern if imported European
pigment continued to be used to some extent throughout
the colonial period. Thus, our goal is not to propose spe-
cific usage dates for European vs. Andean lead white, but
only to suggest the potential for a temporal component to
the isotopic signatures found here.

Even if there were a temporal component to the usage
of European and/or Andean lead white, pigments bearing
these three distinct Pb isotope signatures must have been
used over relatively long periods of time. One possibil-
ity is that the isotopic groupings identified in this study
could be related to specific sites where qeros were pro-
duced. Although there are no known records or descrip-
tions of the workshops where qeros were made, many
scholars have noted that there is a strong consistency in
figural style, iconography, vessel size, technical style, and
materials used during the colonial period [1]. Further,
the polychrome inlay technique (utilizing mopa mopa
as a plant resin binder) is a complex, multi-step process
requiring specialized knowledge and experience [5, 22,
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24, 26-28, 70-76]. Based on broad similarities among
vessels, Cummins [1] suggests that there were probably
just a few centers devoted to the production and distribu-
tion of geros in the colonial Andes. He identifies one of
these centers as La Plata (modern day Sucre, Bolivia), an
important city on the trade route between La Paz and the
silver mine at Potosi [1]. Martinez et al. [12] also suggest
a limited number of production centers based on distinct
local indigenous experience in the colonial era, reflected
in style: the Cusco region, Omasuyos-Lake Titicaca, and
Charazani.

If there were only a few production centers for colonial
geros, the limited variation in the isotopic signatures of
lead white in each group may reflect the long-term use
of particular lead sources or pigment batches by specific
centers of production. For example, individual work-
shops may have acquired different batches of lead white
imported from Europe and then used those batches for
significant lengths of time. This could explain the pres-
ence of two distinct “European” signatures in our dataset.
Alternatively, imported batches of lead white could have
been distributed or shared among production centers,
leading to similar isotopic signatures among qeros made
in different workshops.

The uniformity of isotopic signatures among qeros
with Andean lead white (Group 3) indicates that these
objects are almost certainly decorated with lead white
from a common geological source or conceivably a com-
mon batch of pigment. If the vessels were not all made in
the same workshop, it is possible that batches of prepared
pigment (or the raw materials to make it) were shared/
distributed among production centers.

Conclusions

We have identified three isotopic signatures on 20 colo-
nial qeros from the Andes. The isotopic evidence sug-
gests that over the colonial period, indigenous artists
used both lead white imported from Europe and lead
white derived from Andean ores. The identification of
three distinct pigment sources may be related to either
spatial or temporal factors. Although it is not clear when
an Andean source first came to be used, it is very likely
that the earliest examples of lead white pigment on qeros
used materials imported from Europe. The limited iso-
topic variation among a group of vessels not known to be
directly related supports the idea that there were a lim-
ited number of centers where qeros were produced and
may imply the sharing or controlled distribution of pre-
pared pigment batches, raw materials, or both.

Because this type of isotope analysis requires very little
material, there should be few barriers to investigating a
larger number of vessels to test whether the present study
has characterized the full extent of isotopic variation
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present in lead white pigments applied to colonial geros.
Lead isotope ratios will be most informative when com-
bined with other forms of evidence, such as stylistic
analysis, to test ideas about the spatial and temporal
components of gero production. In addition, it would
be useful to investigate the isotopic composition of lead
white on other pieces of contemporary Andean artwork
to see if similar materials and shifts can be identified
across other mediums.

Supplementary information

Supplementary information accompanies this paper at https://doi.
0rg/10.1186/540494-020-00408-w.

Additional file 1. Use of white pigments on barniz de Pasto objects.
Additional file 2. Images of colonial geros.

Additional file 3. Radiocarbon dating of wood and resin from a colonial
gero residing in a private collection (“Private Collection A”").

Additional file 4. Lead isotope compositions of lead white pigments from
colonial geros compared to Andean and European/Mediterranean ores.

Additional file 5. Isotopic comparison of central Andean ores, 17-19th
century European lead white paints, and lead white pigments from
colonial geros.

Abbreviations

AD: Anno domini; common era; NMAI: National Museum of the American
Indian; AMNH: American Museum of Natural History; BMA: Brooklyn Museum
of Art; MMA: Metropolitan Museum of Art; MC-ICP-MS: Multi-collector induc-
tively coupled plasma mass spectrometry; NIST SRM 981: National Institute of
Standards and Technology Standard Reference Material 981; AMS: Accelerator
mass spectrometry; BP: Before present, indicates conventional radiocarbon
age; SD: Standard deviation; ppb: Parts per billion.

Acknowledgements

We are indebted to Mark Baker for his assistance with the isotopic measure-
ments and to Joaquin Ruiz for the use of his lab facilities at the University of
Arizona. We also would like to thank Richard Newman and Michele Derrick
(Scientific Research Laboratory, Boston Museum of Fine Arts) as well as Tony
Frantz, Federico Caro, George Wheeler, and Mark T. Wypyski (Department of
Scientific Research, The Metropolitan Museum of Art) for foundational analysis
of gero materials. We are grateful to a private collector for permission to
sample their objects. We thank two anonymous reviewers for helpful reviews
of the manuscript.

Authors’ contributions

EK, EH, EP and JL conceived of the original project and contributed object
images and samples for analysis. AT supervised the analytical work and AC
prepared the samples, performed the isotopic measurements, and processed
the data. AC and AT interpreted the data, wrote the main body of the text, and
created the figures. EK contributed the cultural and art historical background
and gathered object images. EK and EH made significant contributions to the
text. All authors read and approved the final manuscript.

Funding
Funding for this study was provided, in part, by Dickinson College. Radiocar-
bon analyses were generously funded by a private collector.

Availability of data and materials
All data generated or analyzed during this study are included in this published
article [and its supplementary information files].

Competing Interests
The authors declare that they have no competing interests.


https://doi.org/10.1186/s40494-020-00408-w
https://doi.org/10.1186/s40494-020-00408-w

Curley et al. Herit Sci

(2020) 8:72

Author details

! Department of Earth Sciences, Dickinson College, PO. Box 1773, Carlisle, PA
17013, USA. 2 Conservation, Smithsonian National Museum of the American
Indian, 4220 Silver Hill Road, Suitland, MD 20746, USA. > Metropolitan Museum
of Art, 1000 Fifth Avenue, New York, NY 10028, USA. 4 UCLA Information
Studies and UCLA/Getty Program in Conservation of Archaeological and Eth-
nographic Materials, A410 Fowler, Los Angeles, CA 90065, USA. ° American
Museum of Natural History, 200 Central Park West, New York, NY 10024, USA.

© Present Address: Department of Earth and Environmental Sciences, Univer-
sity of Michigan, 1100 North University Avenue, Ann Arbor, Ml 48109, USA.

Received: 9 April 2020 Accepted: 17 June 2020
Published online: 17 July 2020

References

1.

20.

Cummins TBF. Toasts with the Inca: Andean abstraction and colonial
images on quero vessels. Ann Arbor: University of Michigan Press; 2002.
Cobo B, Jiménez de la Espada M. Historia del Nuevo Mundo. Seville,
Spain: Sociedad de Bibliofilos Andaluces, Imp. de E. Rasco; 1890.

Howe E, Kaplan E, Newman R, Frantz JH, Pearlstein E, Levinson J, et al.
The occurrence of a titanium dioxide/silica white pigment on wooden
Andean geros: A cultural and chronological marker. Heritage Science.
Springer; 2018;6.

Odone MC. Territorios y oficios a su usanza. Qeros, aquillas y matis andi-
nos coloniales (siglos XVI'y XVII). Estudios Atacamefios. 2019,61:253-74.
Rappaport J, Cummins TBF. Beyond the Lettered City: Indigenous Litera-
cies in the Andes. Durham: Duke University Press; 2012.

Allen CJ. The Incas have gone inside: pattern and persistence in Andean
iconography. RES: Anthropology and Aesthetics. 2002;42:180-203.

Allen CJ. Let's drink together, my dear: Persistent ceremonies in a chang-
ing community. In: Jennings J, Bowser B, editors. Drink, Power and Soci-
ety in the Andes. Gainesville: University Press of Florida; 2009. p. 28-48.
Cummins TBF. Keros. In: Urton G, Von Hagen A, editors. Encyclopedia of
the Incas. Lanham: Rowman & Littlefield; 2015. p. 170-2.

Cummins TBF. Abstraction to narration: kero imagery of Peru and the
colonial alteration of native identity [dissertation]. [Los Angeles]: Univer-
sity of California, Los Angeles; 1988.

Flores Ochoa JA, Kuon Arce E, Samanez Argumedo R. Qeros: arte inka en
vasos ceremoniales. Lima: Banco de Crédito del Perdi; 1998,

Martinez JL. Los sistemas andinos de comunicacion y durante los peri-
odos incaico y colonial: el cas de los queros. In: Mufioz Collazos M de los
A, editor. Interpretando Huellas: Arqueologia, Etnohistoria y Etnografia de
los Andes y sus Tierras Bajas. Cochabamba, Bolivia: Instituto de Investiga-
ciones Antropoldgicas y Museo Arqueolégico de la Universidad Mayor de
San Simén/Grupo Editorial Khipus; 2018. p. 447-68.

Martinez JL, Diaz C, Tocornal C, Acufia G, Narbona LM. Qeros y discursos
visuales en la construccién de la nueva sociedad colonial andina. Anuario
de Estudios Americanos. 2016;73:15-43.

Zidlkowski M. The iconography and use of inca and colonial drinking ves-
sels. In: Alconini S, Covey AR, editors. The Oxford Handbook of the Incas.
New York: Oxford University Press; 2018. p. 669-90.

Goldstein PS. From Stew-Eaters to Maize-Drinkers. In: Bray TL, editor. The
archaeology and politics of food and feasting in early states and empires.
Boston: Springer; 2003. p. 143-72.

Horta H. Queros de madera del Collasuyo: nuevos datos arqueoldgicos
parar definir tradiciones (S.XIV-XVI). Estudios atacamefos. 2013;45:95-116.
Llanos LA. Trabajos arqueolégicos en el departamento del Cuzco bajo la
direccion del Dr. Luis E. Valcarcel, Informe de Luis Llanos sobre Ollantay-
tambo. Revista del Museo Nacional. 1936;5:123-56.

Reinhard J, Ceruti MC. Inca rituals and sacred mountains: a study of the
world’s highest archaeological sites. Los Angeles: Cotsen Institute of
Archaeology Press; 2010.

Martinez CJL. El virrey Toledo y el control de las voces andinas coloniales.
Colonial Latin American Review. 2012;21:175-208.

Rowe JH. The chronology of Inca wooden cups. In: Essays in Pre-Colum-
bian Art and Archaeology. Cambridge: Harvard University Press; 1961. p.
317-41.

de Friedemann NS. Mopa mopa o barniz de Pasto: los marcos de la iglesia
bogotana de Egipto. Lecciones Barrocas: Pinturas sobre la vida de la

21.
22.

23.

24.

25.

26.

27.
28.

29.

30.

31

32.

33.

34.
35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Page 11 of 12

Virgen de la Ermita de Egipto. Bogota: Museo de Arte Religioso, Banco de
la Republica; 1990. p. 40-53.

Howe E. Color and resin on Andean geros. Met Objectives. 2001;3:4-6.
Kaplan E, Pearlstein E, Howe E, Levinson J. Andlisis técnico de queros
pintados de los Periodos Inca y Colonial. Iconos: Revista peruana de
conservacion, arte y arqueologia. 1999;1:30-8.

Newman R, Derrick M. Painted gero cups from the Inka and Colonial peri-
ods in Peru: an analytical study of pigments and media. MRS Proceedings.
Cambridge University Press; 2002;119.8.

Newman R, Kaplan E, Derrick M. Mopa mopa: scientific analysis and his-
tory of an unusual South American resin used by the Inka and artisans in
Pasto, Colombia. J American Institute Conserv. 2015;54:123-48.
Nordenskiold E. Ancient Inca Lacquer Work. Comparative Ethnological
Studies. 1931;9, appendix 2:95-100.

Pearlstein E, MacKenzie M, Kaplan E, Howe E, Levinson J. Tradition and
Innovation, Cochineal and Andean Keros. In: Padilla C, Anderson BC, edi-
tors. A Red Like No Other: How Cochineal Colored the World. New York:
Skira Rizzoli; 2015. p. 44-51.

Mora-Osejo LE. El barniz de Pasto. Caldasia. 1977;11:5-31.

Botina JRP. El barniz o mopa-mopa, Elaegia pastoensis Mora (Rubiaceae):
estado actual de su conocimiento en Colombia. Mocoa: Corporacién
Autdénoma Regional del Putomayo; 1990.

Katz, Monica. Colonial Spanish American Lacquered Objects in the
Collection at the Hispanic Society of America. Wooden Artifact Group
Postprints. Montreal, Quebec, Canada: AIC; 2016. p. 37-47.

Stuckart JM. Barniz de Pasto: the impact of tourism on a traditional craft
[Ph.D. diss]. [Pittsburgh, PAL: University of Pittsburgh; 1982.

Gonzalez V, Wallez G, Calligaro T, Gourier D, Menu M. Synthesizing lead
white pigments by lead corrosion: new insights into the ancient manu-
facturing processes. Corros Sci. 2019;146:10-7.

Brooks WE, Parodi LV, Farfan AV, Dykstra D. Lead in Ancient Peru: the
Curamba Smelter and Lead Sling Bullets. JOM. 2012;64:1356-64.

Vogel M, Fowler J, Drake L, Brooks WE. Geochemical evidence for the use
of lead in Prehispanic metallurgy at El Purgatorio, Casma Valley Peru. J
Archaeol Sci Rep. 2015;4:326-35.

Bonavia D, Lyon PJ. Mural painting in ancient Peru. 1985.

Brooks WE, Piminchumo V, Sudrez H, Jackson JC, McGeehin JP. Mineral
pigments at huaca tacaynamo (Chan Chan, Peru). Bulletin de I'lnstitut
francais d'études andines. 2008;37:441-50.

Sepulveda M, Pozzi-Escot D, Angeles Falcén R, Bermeo N, Lebon M,
Moulhérat C, et al. Unraveling the polychromy and antiquity of the
Pachacamac Idol, Pacific coast Peru. PloS ONE. 2020;15:€0226244. https://
doi.org/10.1371/journal.pone.0226244.

Trever L, Gamboa J, Toribio R, Morales Gamarra R. The Archaeology of
Mural Painting at Pafiamarca, Peru. Washington, D.C: Dumbarton Oaks
Research Library and Collection; 2017.

Gomez BA, Parera SD, Siracusano G, Maier MS. Integrated analytical
techniques for the characterization of painting materials in two South
American polychrome sculptures. e-Preserv Sci. 2010;7:1-7.

Tomasini EP, Marte F, Careaga VP, Rlia Landa C, Siracusano G, Maier MS.
Virtuous colors for Mary. Identification of lapis lazuli, smalt and cochineal
in the Andean colonial image of Our Lady of Copacabana (Bolivia). Phil
Trans. R. Soc. A. 2016;374. https://doi.org/10.1098/rsta.2016.0047.
Guzman F, Maier M, Pereira M, Sepulveda M, Siracusano G, Carcamo J,

et al. Iconographic program and material of the wall paintings in the
church of San Andres de Pachama Chile. Colonial Latin American Rev.
2016;25:245-64.

Maier M, Gémez B, Parera SD. Andlisis cientifico de los materiales pictéri-
cos. In: Siracusano G, editor. La paleta del espanto. Color y cultura en los
cielos e infiernos de la pintura colonial andina. Buenos Aires: UNSAM
Edita; 2010. p. 85-95.

Seldes AM. A Note on the Pigments and Media in Some Spanish Colonial
Paintings from Argentina. Stud Conserv. 1994;39:272-6.

Seldes AM, BurucUa JE, Maier MS, Abad G, Jauregui A, Siracusano G.

Blue Pigments in South American Painting (1610-1780). J Am Institute
Conserv. 1999;38:100-23.

Seldes A, Burucua JE, Siracusano G, Maier MS, Abad GE. Green, yellow,
and red pigments in South American Painting, 1610-1780. J Am Institute
Conserv. 2002;41:225-42.


https://doi.org/10.1371/journal.pone.0226244
https://doi.org/10.1371/journal.pone.0226244
https://doi.org/10.1098/rsta.2016.0047

Curley et al. Herit Sci

45.

46.

47.
48.
49.

50.

51

52.

53.

54

55.

56.
57.
58.

59.

60.

61.

62.

63.

64.

(2020) 8:72

Siracusano G. Pigments and power in the Andes: from the material to the
symbolic in Andean cultural practices, 1500-1800. London: Archetype
Publications; 2011.

Tomasini EP, Carcamo J, Castellanos Rodriguez DM, Careaga V, Gutiérrez
S, Rua Landa C, et al. Characterization of pigments and binders in a mural
painting from the Andean church of San Andrés de Pachama (northern-
most of Chile). Heritage Science. 20186.

Caley ER, Richards JF. Theophrastus on stones: Introduction. Greek text:
English translation, and commentary. The Ohio State University Press;
1956.

Bailey KC, editor. The Elder Pliny’s Chapters on Chemical Subjects. Lon-
don: Edward Arnold & Co; 1932.

Le Bonniec H. Histoire naturelle. Belles Lettres; 1983.

Berrie B, Matthew L. Lead white from Venice: a whiter shade of pale. In:
Spring M, editor. Studying Old Master Paintings: Technology and Practice.
Archetype: London; 2011. p. 295-301.

Lewin B. Descripcién del Virreinato del Perti: crénica inédita de comien-
zos del siglo XVII. Buenos Aires: Universidad Nacional del Litoral; 1958.
Killick D, Stephens J, Fenn TR. Geological constraints on the use of lead
isotopes for provenance in archaeometallurgy. Archaeometry. 2020. https
://doi.org/10.1111/arcm.12573.

Fortunato G, Ritter A, Fabian D. Old Masters'lead white pigments:
investigations of paintings from the 16th to the 17th century using high
precision lead isotope abundance ratios. Analyst. 2005;130:898-906.
Hendriks L, Kradolfer S, Lombardo T, Hubert V, Kiiffner M, Khandekar N,
et al. Dual isotope system analysis of lead white in artworks. Analyst.
2020;145:1310-8.

Nord AG, Billstrom K, Tronner K, Olausson KB. Lead isotope data for prov-
enancing mediaeval pigments in Swedish mural paintings. J Cul Herit.
2015;16:856-61.

Nord AG, Billstrom K. Isotopes in cultural heritage: present and future
possibilities. Heritage Science. 2018;6.

Keisch B, Callahan R. Lead isotope ratios in artists'lead white: a progress
report. Archaeometry. 1976;18:181-93.

Jehane R.The Scientist and the Forger: Insights into the Scientific Detec-
tion of Forgery in Paintings. Imperial College press; 2015.

Thibodeau AM, Killick DJ, Ruiz J, Chesley JT, Deagan K, Cruxent J, et al. The
strange case of the earliest silver extraction by European colonists in the
New World. Proc Natl Acad Sci. 2007;104:3663-6.

Galer S, Abouchami W. Practical application of lead triple spiking

for correction of instrumental mass discrimination. Mineral Mag A.
1998,62:491-2.

Albarede F, Desaulty A-M, Blichert-Toft J. A geological perspective on the
use of Pb isotopes in archaeometry. Archaeometry. 2012,54:853-67.
Macfarlane AW, Lechtman HN. Andean ores, bronze artifacts, and lead
isotopes: constraints on metal sources in their geological context. J
Archaeol Method Theory. 2016;23:1-72.

van Loon A, Vandivere A, Delaney JK, Dooley KA, De Meyer S, Vanmeert
F, et al. Beauty is skin deep: the skin tones of Vermeer’s Girl with a Pearl
Earring. Heritage Science. 2019;7.

Fabian D, Fortunato G. Tracing white: a study of lead white pigments
found in seventeenth-century paintings using high precision lead
isotope abundance ratios. In: Kirby J, Nash S, Cannon J, editors. Trade

in artists' materials: markets and commerce in Europe to 1700. London:
Archetype Press; 2010. p. 426-43.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Page 12 of 12

Herrero-Cortell MA. Las colores de un Imperio. Hispanic production and
international trade of pigments and pictorial materials in the sixteenth
century. Journal for Art Market Studies. 2019;3.

Gunnesch KA, Baumann A, Gunnesch M. Lead isotope variations across
the central Peruvian Andes. Econ Geol. 1990;85:1384-401.

Kontak DJ, Cumming GL, Krstic D, Clark AH, Farrar E. Isotopic composition
of lead in ore deposits of the Cordillera Oriental, southeastern Peru. Econ
Geol. 1990;85:1584-603.

Macfarlane AW, Marcet P, LeHuray AP, Petersen U. Lead isotope provinces
of the Central Andes inferred from ores and crustal rocks. Econ Geol.
1990;85:1857-80.

Mukasa SB, Vidal CCE, Injoque-Espinoza J. Pb isotope bearing on the
metallogenesis of sulfide ore deposits in central and southern Peru. Econ
Geol. 1990;85:1438-46.

Codding MA. The decorative arts in Latin America 1492-1820. In: Rishel
JJ, Stratton-Pruitt S, editors. The Arts in Latin America 1494-1820. Phila-
delphia: Yale University Press; 2006. p. 98-113.

De Piedrahita LF. Historia general de las conquistas del Nuevo Reino de
Granada Bogotd, Colombia: Medardo Rivas; 1688.

de Friedemann NS. El barniz de Pasto: arte y rito milenario. Revista Lam-
para. 1985;23:15-24.

Humboldt, A von. Sobre el barniz de pasto. In: Alexander von Humboldt
en Colombia: extractos de sus diarios. Bogotd, Colombia: Biblioteca Luis
Angel Arango; 1970. Available from: http://www.comunidadandina.org/
BDA/docs/CO-CA-0004.pdf.

Kaplan E, Howe E, Pearlstein E, Levinson J. The gero project: conservation
and science collaboration over time. Res Technical Studies Postprints AIC.
2012;3:1-24.

Katz M. Colonial Spanish American Lacquered Objects in the Collection
at the Hispanic Society of America. In: Wooden Artifact Group Postprints:
Presentations from the 2016 AIC Annual Meeting in Montréal, Canada.
Montreal, Quebec, Canada: AIC; 2016. p. 37-47.

Pearlstein E, Kaplan E, Howe E, Levinson J. Technical analyses of Inca

and colonial painted wooden geros. Objects Specialty Group Postprints.
1999,6:94-111.

Fane D, Brooklyn Museum, Phoenix Art Museum, Los Angeles County
Museum of Art. Converging cultures: art & identity in Spanish America.
New York: Brooklyn Museum in association with Harry N. Abrams; 1996.
Cummins TBF. Four queros. In: Phipps E, Hecht J, Esteras Martin C, editors.
The colonial Andes: tapestries and silverwork 1530-1830. New York: Yale
University Press; 2004. p. 182-3.

Bronk Ramsey C. OxCal Program, Version 4.3. Oxford Radiocarbon Accel-
erator Unit: University of Oxford. 2017. https://c14.arch.ox.ac.uk/oxcal
html.

Hogg AG, Hua Q, Blackwell PG, Niu M, Buck CE, Guilderson TP, et al.
SHCal13 Southern Hemisphere calibration, 0-50,000 years cal BP. Radio-
carbon. 2013;55:1889-903.

Cooke CA, Hintelmann H, Ague JJ, Burger R, Biester H, Sachs JP, et al. Use
and Legacy of Mercury in the Andes. Environ Sci Technol. 2013;47:4181-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1111/arcm.12573
https://doi.org/10.1111/arcm.12573
http://www.comunidadandina.org/BDA/docs/CO-CA-0004.pdf
http://www.comunidadandina.org/BDA/docs/CO-CA-0004.pdf
https://c14.arch.ox.ac.uk/oxcal.html
https://c14.arch.ox.ac.uk/oxcal.html

	Isotopic composition of lead white pigments on qeros: implications for the chronology and production of Andean ritual drinking vessels during the colonial era
	Abstract 
	Introduction
	Qero polychromy in the colonial period
	Lead white pigments

	Methods
	Samples
	Lead isotope analysis

	Results
	Discussion
	Origin of the lead white pigments used on colonial qeros
	Implications of Pb isotopes for qero production and chronology

	Conclusions
	Acknowledgements
	References




