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Abstract

The wealth of pre-Columbian gold, copper and guanin
(an alloy consisting mainly of gold and copper; also
tumbaga) artwork of Costa Rica suggests that exploita-
tion of its abundant ore deposits goes back way before
the Spanish conquest. The name of Costa Rica itself in
fact alludes to the large numbers of golden metal ob-
jects worn by the indigenous peoples upon arrival of the
conquistadors. Up to now, however, very little is known
about pre-Columbian mining in the country or the raw
material provenance of these artefacts.

In a transdisciplinary project, we aim to reconstruct
the metallurgical process chain by combining (min-
ing) archaeological research with geochemical analysis
of local ores and metal artefacts using a combination
of different techniques. We identified four major gold
and copper districts with different mineralisation types,
which are the focus of our fieldwork-based research.
They are surveyed for potential signs of pre-Columbian
metal production and sampled for ores and their pro-
cessing remains. On the other side of the process chain,
we focus on the metal artefacts in museum collections.
They are systematically registered in a database, which
serves as a basis to identify correlations with the ge-
ochemical signatures of the artefacts, and to retrace
potential links to possible areas of origin or different
workshops. Once the necessary basic data have been
collected, we will focus on economic and socio-cul-
tural aspects of metal production and circulation. The
results from Costa Rica will be put into perspective of
New World early metallurgy and can provide a starting
point for future research between Mesoamerica and the
Isthmo-Colombian region.
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Introduction

Pre-Columbian metal artwork of Costa Rica

The cultural and archaeological context
With its prominent location in Central America, Costa
Rica was exposed to influences from both Mesoameri-
ca in the north and the Isthmo-Colombian area in the
south. Finds of locally worked jadeite and greenstone
(so-called social jade; Alvarado and Garcia-Casco, 2019)
at burial sites mostly along the Linea Vieja of the Carib-
bean and the Pacific side of the Nicoya Peninsula (Fig-
ures 1 and 2) mirror their appreciation as prestige goods
by Mesoamerican peoples (Balser, 1961; Garber, et al,,
1993; Doyle, Hoopes and Mora-Marin, 2021). Stylistic
traits of lithic art similarly link northern Costa Rica with
Mesoamerica while in the Diquis archaeological region
in the southern part of the country (Figure 1), influences
from Andean South America are predominant (Stone,
1961). Gold (-copper) artefacts seem to have slowly
replaced jade objects as prestigious items in local so-
ciety between AD 500-700 (Snarskis, 2003). Metal ob-
jects clearly played an important role in the ritual life of
pre-Columbian societies. This socio-cultural perspective
is essential for an understanding of ancient metal use.
Metallurgical knowledge is generally accepted to have
advanced into Costa Rica from the south via Panama or
the sea routes since metal work in Costa Rica, Panama
and northern Colombia is characterised by common-
ly shared traits: the manufacture of artefacts by lost-
wax casting, and the widespread utilisation of guanin,
a copper-rich gold alloy, whose surface was artificially
enriched by depletion gilding (e.g. Root, 1961; Bray,
1984). However, as most of the known artefacts from
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Figure 2. Pre-Columbian metal art styles in the Isthmo-Colombian area mentioned in the text. Graphic: E. Welk.
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Figure 3. Simplified geological map of Costa Rica showing different types of gold- and copper-bearing mineralisation (United States
Geological Survey, 1987; Nelson, 2007) and archaeological sites mentioned in the text: 1 - Finca 4; 2 - Rivas/Panteon de la Reina;
3 - Las Mercedes and Guacimo; 4 - Palo Campano; 5 - St. Elena; 6 - Ruiz. Graphic: K. Westner.

Costa Rica are not derived from archaeological contexts
but from early pillaging (for example the famous site of
Rivas/Pante6n de la Reina near San Isidro de El Gen-
eral (Figure 3, number 2); Quilter, 2004 and references
therein; Schlosser, 2004), the true origin and date, and in
some instances also the authenticity of individual objects
from museum collections remain to be discussed. The
most widely used chronological framework derives from
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Cooke and Bray (1985) and is based on contextualized
metal finds from Panamanian sites. It has been revised
and refined repeatedly (see below) and has been applied
to parts of Costa Rica as well.

One of the earliest assemblages with gold objects
in Costa Rica, also containing jade objects and incised
slate disks, is dated to around AD 400-600 (Snarskis,
1985) and has been discovered at a cemetery at Guaci-



mo (Figure 3, number 3) in the Linea Vieja region of
the Caribbean (Stone and Balser, 1965). The gold finds
include a double-spiral pendant, human-figure pen-
dant and a curly-tailed animal in the “Initial Group”
postulated by Cooke and Bray (1985) and Bray (1992),
which is dated AD 1-500 and stylistically similar to ar-
tefacts from northern Colombia (Tairona, Zend, Quim-
baya; e.g. Fischer, 1994; Jones and King, 2002). Several
jade objects from Guécimo also represent curly-tailed
animals, exemplifying the jade-gold transition. Fur-
ther characteristic objects of the Initial Group include
double-headed birds and pendants with two or more
conjoined animals (Figure 4a). Las Mercedes (Figure
3, number 3), also in the Linea Vieja region, is consid-
ered as an important pre-Columbian centre based on
its monumental architecture (causeways, platforms;
Hartman, 1902), and plethora of metal artefacts of the
Initial Group as well as of later date (e.g. the so-called
jaguar god; MacCurdy, 1911), which unfortunately were
unearthed in unscientific excavations. The subsequent
“International Group”, dated between AD 500 and 900
(Figure 4b), occurs in a wide geographical region from
northern Colombia up to the Yucatin Peninsula in east-
ern Mexico. It includes birds with outstretched wings,
elongated crocodile-shaped ornaments, simple human
figures and others with recurved headdresses, and so-
called “Darien” pendants (Falchetti de Sdenz, 1979; Bray,

1992; Falchetti, 2008). The Veraguas-Gran Chiriqui
metal tradition (dated AD 900-1520) brings together
similar artwork from western Panama and the south-
ern Caribbean to the wider Diquis region in southwest-
ern Costa Rica (Figures 4c and d) and existed until the
contact period (Cooke and Bray, 1985; Bray, 1992). It
is characterised by birds with outstretched wings, frogs,
jaguars, crocodiles and animal-headed anthropomor-
phic figures often with flattened feet or extremities, and
comprises both cast and sheet metal objects (Ferndndez
and Quintanilla, 2003). The Diquis region yielded some
of the richest pre-Columbian gold finds in Costa Rica
(Lothrop, 1963), including the objects brought to light
in Palmar Sur at Finca 4 (Figure 3, number 1; Badilla,
Quintanilla and Fernandez, 1997). Metallurgy appears
to have started later in southwestern Costa Rica than in
the rest of the country as no metal objects have been
found at any of the sites of the Aguas Buenas period
(300 BC-AD 800) in the Diquis subregion (Figure 5).
However, some human stone sculptures attributed to
this period apparently depict metal pendants (Hoopes,
2017), which makes it plausible to infer a certain lev-
el of knowledge regarding the use of metal objects. At
present, the chronological framework is not detailed
enough to provide a clear picture of the introduction of
the use of metals in the Diquis region. Furthermore, it
is unclear whether metallurgical knowledge was intro-

Figure 4. Selected gold, guanin and copper artefacts from the National Museum of Costa Rica (MNCR) and the Museo del Oro Pre-
colombino of the Central Bank of Costa Rica (BCCR) in San José. a) Initial Group (MNCR 25506); b) International Group (MNCR
25560); c¢) Diquis Style (MNCR 27747); d) Diquis Style (BCCR-O-1250). Photos: A. Schifer, graphic: E. Welk.
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Figure 5. Archaeological phases in Costa Rica in the regions outlined in Figure 1 from the 3™ century BC up to the contact period

(adapted from Corrales Ulloa, 2011). Graphic: A. Schifer.

duced from the neighbouring Chiriqui and Veraguas
regions in Panama or was derived from the central and
northern parts of Costa Rica, where metal artefacts had
already been used before.

Since more than 90 % of the known pre-Columbian
metal artefacts from Costa Rica and Panama are decon-
textualised (see above), aspects of chronology, devel-
opment of metal production and regional assignments
are under constant discussion and revision (Cooke and
Bray, 1985; Bray, 1992; Cooke, Sinchez and Udagawa,
2000; Cooke, 2011; Bray, Cooke and Redwood, 2021;
Fernandez Esquivel, 2021). What is true for Panama
(Cooke, 2011) applies to Costa Rica as well. It is as yet
not really possible to reconstruct the development of
metal use - let alone metal production- in the main cul-
tural areas of Costa Rica (i.e. Greater Nicoya, Central
Region, Greater Chiriqui and their subregions; Figures
1 and 5). Nevertheless, despite the lack of context, sty-
listic subgroups have been defined, based on typolog-
ical characteristics especially of figurative art in order
to draw conclusions about their possible chronology
and provenance (Aguilar Piedra, 1972; Fernandez and
Quintanilla, 2003; Fernandez Esquivel, 2011). A major
conundrum still surrounds the earliest known met-
al artefacts from Costa Rica, and thus the beginning
of metalworking and use of metallurgical technology
throughout the country. It is still unclear whether or
how many of the earliest objects were imported from
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the Isthmo-Colombian region, or from elsewhere, and
to what extent and when (or if at all) production in local
workshops began.

A final remark needs to be made regarding the
importance and value of the various metals, both in
pre-Columbian times and in contemporary research.
To date, the focus of archaeological research has been
almost exclusively on gold and guanin objects, with
copper objects often being mentioned only in passing.
Due to their corroded appearance and often precarious
state of preservation they are also rarely exhibited and
certainly severely underrepresented in most collections.
If, 45 years ago, Lange and Accola (1979) concluded that
most of the (altogether few) pre-Columbian copper ob-
jects from (northern) Costa Rica should be regarded as
imports from Mesoamerica, the time is certainly right
for a reconsideration based on today’s much broader
material record. With intriguing ideas about the social
significance of gold or copper objects for pre-Columbian
societies in the Isthmo-Colombian area (e.g. Falchetti,
2003), and the observation that there are distinct arte-
fact categories such as bells or specific types of figurative
art made in almost identical form from both metals (cf.
Figure 4c, d), there can be no doubt about the impor-
tance of copper for the study of metal artefacts. And fi-
nally, guanin, which is the metal alloy for the whole of
the Isthmo-Colombian region, has a copper content of
between 40 and 80 per cent (see below).



Metal artefact analyses: the state of the art

The Museo Nacional de Costa Rica (MNCR) and the
Museo del Oro Precolombino, as well as museums in the
United States and Europe, host a wealth of pre-Colum-
bian objects made of gold and guanin, and more rarely,
of gold-poor or unalloyed copper. Analytical studies
(Rovira, 1994; Scott, 1995; Fernandez and Quintanilla,
2003; Schlosser, 2004; Fernandez Esquivel, 2011) almost
exclusively focused on objects that were either derived
from southern Costa Rica or interpreted as having been
made in the unified style of Veraguas-Gran Chiriqui
from the Chiriqui Period, the last period of the pre-Co-
lumbian chronological sequence. They showed that the
majority of cast artefacts (whose proportion in collec-
tions clearly outweighs that of sheet metal) consists of a
gold-copper alloy with small amounts of silver (mostly
< 5 wt.%). No overall correlations between their shape,
and their stylistic group and thus relative chronology
were found so far (e.g. Scott, 1995). Among other po-
tential reasons such as availability of raw materials, col-
our, hardness and odour of the alloys, the preference for
copper-rich gold alloys might have been linked to the
lowering of the melting point by the addition of copper
(up to c. 150 °C; Okamoto, et al., 1987) and a hence sim-
plified casting process. Despite their composition, most
of these objects have a gold surface colour. A commonly
used technique to generate this effect is depletion gild-
ing, which is based on the higher resistance of gold to
oxidation. The gold alloy objects are treated with natural
etching agents to surficially remove copper (and silver)
and are subsequently polished (Lechtman, 1984; Bray,
1993; also see Sdenz-Samper and Martindn-Torres,
2017). Cast copper objects with low or undetected gold
and silver contents (Fernandez Esquivel, 2011) in the
form of bells and anthropomorphous and avimorphous
figures are particularly known from sites in central and
northern Costa Rica. Lange and Accola (1979) describe
the find of a copper bell from a burial site in north-west-
ern Costa Rica and interpret it as an import from either
Honduras or Mexico, where major production sites for
these artefacts have been identified (see above). Sheet
metal objects in contrast generally have a lower copper
content and often seem to have been made of unalloyed
gold. This choice of material might have been due to the
lower hardness and thus easier workability of (relative-
ly) pure gold, which can be laminated into thin foils; an-
other reason might be the generally smaller amount of
metal needed.

So far, in general only non-destructive analyses of
pre-Columbian metal objects have been carried out. Ob-
taining reliable bulk chemical information is impeded
when using such analytical techniques due to commonly

applied surface treatments such as depletion gilding, as
well as the widespread usage of guanin which easily cor-
rodes after its deposition due to the climatic conditions
of the country. These processes lead to an enrichment
of gold in the uppermost zone of the artefacts which
renders surficial analyses misrepresentative of the bulk
composition. The existing data exclusively have been
obtained by surface analysis; only partially the analyses
could be performed at abraded locations of the artefacts
where the core metal is exposed. With few exceptions
(some analyses presented in Schlosser, 2004) measure-
ments were limited to major and minor elemental com-
position. No trace element data could be determined and
no isotope analyses had been carried out so far. The avail-
able results thus largely exclude a data-driven discussion
of fundamental aspects such as the possible provenance
of raw materials, including the amount of imported ver-
sus locally produced objects, the ore types used, and the
technological know-how. A further critical aspect of
the existing literature data is the focus on metal objects
which are tentatively assigned to the late Veraguas-Gran
Chiriqui style and/or originated from find sites in the
south of Costa Rica, therefore underrepresenting earlier
phases of metal objects and other archaeological com-
plexes in the country.

Ore resources and pre-Columbian metal production

Different types of gold and copper deposits are distrib-
uted throughout Costa Rica (Figure 3). Primary gold
deposits occur as silver-rich epithermal gold-quartz
veins (low sulphidation type) in a c. 80 km long, NW-
SE trending belt within the Cordillera de Tilaran and are
associated with basalts, andesites and andesitic breccia
of the Aguacate Group. The mineralisation is assumed
to have been generated in the late Pliocene to early Pleis-
tocene by hydrothermal circulation of meteoric water,
which was presumably triggered by the emplacement of
the granitic Guacimal intrusion (Mixa, et al., 2011). The
epithermal gold-silver vein deposit of Crucitas is located
close to the border with Nicaragua within the Miocene
Sarapiqui volcanic belt (Gazel, et al., 2006). The miner-
alisation is hosted by trachyandesitic-dacitic to rhyo-
litic dome complexes and pyroclastic rocks, which are
strongly oxidised to a precious metal-bearing saprolite
down to an average depth of 40 m (Lafleur, 2006). Aurif-
erous (paleo-) placers at the Peninsula de Osa (Figure 6)
are present within residual latosols of the ophiolitic Up-
per Cretaceous to Lower Tertiary Nicoya Complex and
the overlying sediments of the Osa and Puerto Jiménez
Groups. Gold is mainly abundant in the lower units of
the Osa Group, where the highest concentrations are as-
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Figure 6. Washing pan with gold flakes and heavy mineral sand
from a paleo-placer occurrence at the Osa Peninsula in the
south of Costa Rica (image width c. 5 cm). Photo: A. Schifer.

sociated with basal breccia conglomerates. Exceptional
nuggets reportedly had the size of an orange and weights
of up to 7.7 kg (Berrangé, 1992). Copper mineralisation
occurs as (polymetallic) base metal veins in a zone di-
rectly adjoining the epithermal gold deposits of the Cor-
dillera de Tilaran to the southeast, as Cyprus-type volca-
nic-hosted massive sulphides (VMS) at the Peninsula de

Nicoya (in the west of the country) and porphyry copper
deposits in the Cordillera Talamanca (e.g. United States
Geological Survey, 1987). Native copper occurs as thin
sheets (up to c. 3 mm thick) in fractures in andesite at
e.g. Guayabo de Mora (Figure 7).

A contemporary report of indigenous gold extraction
after the Spanish conquest solely describes panning of
placers (Fernandez de Oviedo, 1851; book VI, chapter
VIII). The historic evidence, the abundance of rich (pa-
leo-) placer gold deposits of the Peninsula de Osa and
the wealth of artefact finds in the Diquis region (e.g. at
Finca 4), gave rise to the generally accepted notion that
only the secondary gold mineralisation was exploited in
pre-Columbian time (e.g. Molina Muiioz, 2017). Some
years ago, however, evidence for pre-Columbian hard-
rock extraction (stone tools, i.e. hammer stones and
mortars, curved rock shapes characteristic of fire set-
ting) was discovered at the Rio Grande and Rio Coclé
del Sur Basins, Panama, in an area with attested primary
and secondary gold mineralisation (Mayo, et al., 2007).
Based on a geological examination, it is hypothesised
that gold, jarosite for use as a pigment, or agate were pos-
sibly won there (Redwood, 2020). The close connection
between Panama and (southern) Costa Rica, evidenced
for example by the shared stylistic traits of metal arte-
facts, renders it highly plausible that the knowledge of

Figure 7. Sheets of native copper (arrows) at the Guayabo de Mora outcrop in the Central Region. Photo: A. Schifer.
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Figure 8. Half of a ceramic casting mould for a frog pendant
from Ruiz, Guanacaste. Height 6.8 cm. Photo: A. Schifer.

such exploitation techniques was common throughout
the region. Pre-Columbian gold production in Costa
Rica thus might not only have been restricted to riverine
deposits. It certainly is likely that consolidated auriferous
paleo-placers in the Diquis region, if traced back from
their alluvial occurrences, were exploited in shallow dig-
gings before the arrival of the Spaniards. In a wider and
more general perspective, hard-rock mining was prac-
tised in the central Andean region since the Formative
Period (e.g. Tripcevich and Vaughn, 2013).

The primary gold ores of the Cordillera de Tilaran
are assumed to only have been discovered in the 19th
century (Soto, 2011). However, as outlined above, the
appearance of gold artefacts is an earlier feature in the ar-
chaeological record of the central and northern regions
of Costa Rica than in the south. Clear evidence of local
gold working, i.e. fragments of ceramic casting moulds
for frog pendants and other ornaments are also known
from the north (Figure 8; Fernandez Esquivel and Faith
Jiménez, 1991). The presence of pre-Columbian settle-
ment sites and cemeteries with gold objects near the
mining districts of the Cordillera de Tilardn (e.g. Santa
Elena, Tibas, Palo Campano; V. Guerrero, pers. comm.)
and the large amount of (copper-debased) gold sourced

by the Spaniards during an expedition in Greater Nicoya
in the first half of the 16™ century (Garcia Regueiro,
1985) further emphasize that there is a potential for gold
production in central and northern Costa Rica. This
should be investigated.

Copper is commonly assumed to have been mostly
produced from native occurrences in pre-Columbian
Costa Rica (e.g. Molina Mufloz, 2017). Due to the com-
paratively small volume of this mineralisation, it is how-
ever questionable whether they could have supplied the
amount of metal required for the production of guanin
and copper artefacts known today from Costa Rica, as
well as the mass of objects already melted down by the
conquistadors (Fisher, 1976). This far, no secure evi-
dence for copper production is known from the Costa
Rican (and associated Panamanian) archaeological com-
plexes. An object made of unalloyed copper discovered
at Sitio Conté/Panama shows that its inhabitants had ac-
cess to highly pure copper metal. The find of a copper
ingot (91.9 wt.% Cu) and partially worked ore (94.1 wt.%
Cu) at the site however might not have been of local ori-
gin but obtained by trade (Lothrop, 1937).

As a first-order conclusion, the overall abundance of
ore deposits in Costa Rica seems to make it very plausi-
ble that most of the known objects were made from raw
material(s) of local origin, thus increasing the potential
for successful provenance studies of metal artefacts.
However, no mining archaeological and archaeometal-
lurgical studies have yet been carried out in the country
that could provide factual evidence for this hypothesis by
identifying production sites and elucidating the types of
ore used and the processes employed to extract metals.

Goals and perspectives of the investigations

Several research questions and desiderata have been al-
ready outlined in different paragraphs of the introduc-
tion. They can be summarised as follows: 1) identifying
and localising potential remains of metal mining and
production from ore extraction to the finished object,
2) characterising different types of gold and copper ores
accessible to pre-Columbian people, 3) reconstruct-
ing potential raw material sources of metal objects and
pyrometallurgical technological choices, 4) identifying
practices and techniques of metal craftsmanship, and 5)
establishing a classification of stylistic features of metal
objects, identifying possible groups and testing correla-
tions with e.g. spatial distribution, chronology, and met-
al composition. Combining archaeological and analyti-
cal research methods, we aim to tackle these questions in
cooperation with local colleagues.
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Figure 9. Two crushing stones (front, back and side views) from the collection of the Anthropological Institute of the Universidad

de Costa Rica. Photos: E. Welk.

Research methods

Archaeological investigations

Mining-archaeological studies

Mining-archaeological studies within the project focus

on fieldwork. They aim to identify and localise poten-

tial working sites and associated material evidence for

the process chain from ore to finished metal object (e.g.

Stollner, 2003; Hauptmann, 2020). A number of key as-

pects have been defined:

a) Evidence for mining of primary and secondary
gold and copper deposits: Possible indications in-
clude shafts, galleries, and opencast pits (specifically
for hard-rock mining and extraction of paleo-placer
gold), evidence of water management, i.e. artificial
channels and dams, and signs of digging (for exploita-
tion of placer gold), and in general debris heaps, as
well as finds of e.g. mining hammers, transport
containers for ores, washing pans, and sluice boxes.
In general, the exploitation of placer gold deposits
leaves little tangible evidence on-site. Picking-up of
nuggets from riverbeds in dry periods is invisible in
the archaeological record. Ancient panning of fluvi-
al placer gold would also be difficult to detect in the
field, if not combined with indirect evidence as de-
scribed above.

b) Signs for ore beneficiation: These include stone tools
for crushing and grinding the ore, anvil stones, mor-
tars, and heaps of fine-grained debris. A first glance
at some collections of pre-Columbian stone tools in
Costa Rica already revealed evidence of crushing
stones (Figure 9) typical for ancient ore beneficiation,
well known from a variety of archaeological mining
contexts as in Peru (Grifingholt, 2022).
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c) Traces of pyrometallurgical processes for primary
ore (s)melting and subsequent artefact production
in workshops: Potential evidence comprises furnaces
or fire pits, tuyéres, slags and other metallurgical (by-)
products such as ingots, and crucibles, moulds, and
tools associated with such processes. Native copper
occurring in the form of sheets at some deposits in
contrast could be directly melted together with gold
in crucibles for the production of guanin artefacts or
could be cold-worked, with potential evidence for its
use thus being limited.

d) The existence of chronological phases and/or spatial
differences for production and refinement processes.

The focus of the mining-archaeological studies are sur-
veys within the different gold and copper ore districts of
Costa Rica. By taking into account major archaeological
sites with pre-Columbian metal objects, four main tar-
get regions for field work, which comprise types of ore
deposits presumed to have been most likely accessed by
pre-Columbian societies, have been identified. Namely
these are the copper mineralisation in the Central Valley,
including occurrences of native copper (around archaeo-
logical site number 4 in Figure 3), the (polymetallic) cop-
per deposits in the hinterland of San Isidro de El General
(number 2), the primary gold deposits in the Cordillera
de Tilaran (number 5), and the (paleo-) placer gold of
the Peninsula de Osa (number 1). The shallow oxidised
gold mineralisation of Crucitas constitutes a further po-
tential target area for fieldwork. The porphyry copper
and VMS deposits have been excluded for now due to (1)
the largely disseminated nature of the ore which renders
it less likely to have been mined in pre-modern time and
(2) the absence of visible outcrops of ore bodies, respec-
tively (cf. United States Geological Survey, 1987).



Together with colleagues from the National Museum
of Costa Rica, we will furthermore assess material from
earlier fieldwork, including archaeological excavations of
pre-Columbian settlements and cemeteries with associ-
ated metal finds. The material evidence will be checked
for the presence of tools for mining and beneficiation,
and metallurgical materials (such as crucibles, moulds
and equipment used for metal working) which can be
easily misinterpreted or left unidentified. Archaeologi-
cal excavations at sites related to pre-Columbian metal
mining and production are envisaged for the future, if
possible.

Typological analysis and object database

To date, the classification of metal artefacts has been
based on the first overall presentation of Costa Ri-
can metal artwork in the large collection of the Banco
Central (now Museo del Oro Precolombino) by Carlos
Aguilar Piedra (1972) and, in particular, on the studies
of Richard Cooke and Warwick Bray (Cooke and Bray,
1985; Bray, 1992; Cooke, Sanchez and Udagawa, 2000;
Cooke, 2011; Bray, Cooke and Redwood, 2021), who
have defined different chronological and stylistic groups
(see above).

In order to facilitate comparisons between object
style and metal composition, it may be feasible to place
more emphasis on typological detail and to arrive at a
classification based on feature analysis.! Typology, in this
case, should not be confined to a detailed stylistic clas-
sification but should include technological parameters,

i.e. details on production and ornamentation techniques
and surface finish as well. Together with the material
analyses (see below) this methodological approach could
help to differentiate, in the future, true imports from lo-
cal imitations, as is under constant discussion, especial-
ly for the Initial Group as defined by Cooke and Bray
(1985). A feature analysis breaking down the material
into individual features and attributes could help to ar-
rive at a conclusive and comprehensive classification for
all of the metal artefacts.

We have begun to build a database of Costa Rican
metal artefacts, starting with the more than 2000 ar-
tefacts from the Museo del Oro Precolombino, which
became available online in 2021.2 This was followed in
spring and summer 2023 by the autopsy of the 782 metal
artefacts from the National Museum, including the im-
portant but, still a rather limited group of metal objects
with a clear archaeological context, and artefacts from
some European museum collections, which are availa-
ble online. Objects held in other museum collections
and described in publications will gradually be included.
The metal objects from the collection of the Ethnological
Museum in Berlin, Germany (see Schlosser, 2004) have
already been included.

In practice, our data structure consists of a hierar-
chical and flexible system of categories with underlying
common attributes (e.g. in the case of figurines: heads,
feet, hands, wings, etc.) and special attributes (instru-
ments, tools, additional heads, animals, etc.). The dif-
ferentiation extends to the diversity of stylistic detail

Figure 10. Compilation of differently shaped wings of Costa Rican figurative metalwork (different scales). Drawings: E. Welk, based
on the objects BCCR-O-1384 (a), -0816 (b), -0822 (c), 0154 (d), -0795 (e), -1274 (f), -0452 (g), -1247 (h) from the collection of

Museo del Oro Precolombino in San José.

a. b.
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of individual attributes (Figure 10). This approach will
make it possible to recognise and quantify recurring
combinations of individual elements and subsequently
to define distinct groups on the basis of their similarities.
The analytical data collected in the project (see below)
will then be linked to the individual objects. By compar-
ing the stylistic groups, potential links to possible areas
of origin or different workshops could be identified. For
a chronological and/or regional evaluation of the iden-
tified stylistic groups, the (few) contextualized artefacts
in particular from the MNCR, will be of paramount im-
portance. Production debris such as fragments of casting
moulds (Figure 8) are also of great importance and will
be included in the database. Combined with a systemat-
ic evaluation of metal artefacts from recent excavations,
there is great potential for a more detailed chronologi-
cal and regional assessment of the development of metal
production and craftsmanship in Costa Rica.

Material analyses

Ores

Understanding mineralisation within its regional geol-
ogy (e.g. Ferenci¢, 1971; Alvarado and Cardenes, 2015)
is essential for retracing possible raw material sources of
metal objects. The analysis of different types of gold and
copper ores potentially used for pre-Columbian artefact
production therefore forms the basis of our study.

Samples of primary and (paleo-) placer gold ores,
and of native copper, and of secondary and sulphide
copper minerals will be collected during mining-ar-
chaeological surveys in the target areas (see above).
Samples will be taken from geological outcrops and as
heavy mineral concentrates in the case of placer gold,
or if available, from potential archaeological contexts.
Heavy mineral concentrates will be collected in regular
distances from each other to assess chemical differenc-
es caused by transportation distance (also see section
below). Creeks cutting auriferous mineralisation in the
Cordillera de Tilaran will be also sampled for heavy min-
eral concentrates to further assess whether they would
also constitute a potential source used in pre-Columbian
metal production.

A bundle of state-of-the-art analytical methods is
available at the research laboratory of the Deutsches
Bergbau-Museum Bochum and the Frankfurt Isotope
and Element Research Centre (FIERCE) for a thorough
mineralogical and geochemical characterisation: Optical
microscopy, scanning electron microscopy (SEM-EDX),
electron microprobe analysis (EMP), X-ray powder dif-
fraction (XRD), (laser ablation) single-collector induc-
tively coupled plasma mass spectrometry (SC-ICP-MS)
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for compositional analysis down to the trace element
level, and multi-collector (MC) ICP-MS for determina-
tion of Pb and Cu isotope ratios. Gold grains from heavy
mineral concentrates of alluvial placers will be addition-
ally studied for their morphological characteristics, e.g.
degree of roundness, flatness, rim thickness and pro-
portion, and associated minerals (Knight, Morison and
Mortensen, 1999; Townley, et al., 2003) and chemical
depletion during transportation. Possibly present osmi-
um-iridium-ruthenium alloys which might have been
derived from ophiolitic rock sequences of the Nicoya
complex associated with the auriferous (consolidated)
sediments (Berrangé, 1992) will be particularly sought
for due to their high significance for gold artefact studies
(see below).

At the time this text was written, a first field work
campaign (apart from a previous pilot study) has already
been carried out and some preliminary analytical data
already are available. A general first-order observation
was that, due to Costa Rica’s tropical climate, ores from
outcropping copper mineralisation usually are strongly
weathered and (largely) transformed to oxidised (e.g.
malachite, brochantite) minerals or iron-poor to iron-
free copper sulphides (e.g. covelline, chalcocite, bor-
nite). The apparent mineralogy of hand samples thus
indicates a rather “pure” bulk composition without ele-
vated quantities of e.g. iron, zinc, arsenic and lead to be
expected. Therefore, these ores could be smelted for their
copper content for example in a pit or fired clay crucible
with only minor slagging, constituting a comparatively
easily accessible source for copper.

Preliminary results from semi-quantitative SEM-
EDX analyses (SUPRA 40 VP, Zeiss) of gold grains and
available literature data (Berrangé, 1992; Scott, 1995;
Ferndndez and Quintanilla, 2003; Mixa, et al., 2011)
suggest that gold grains from the Cordillera de Tilardan
(Au/Ag ratios from 1.4 to 1.9) can be distinguished from
(paleo-) placer gold of the Peninsula de Osa by their
significantly higher silver content (Au/Ag ratios be-
tween 33.5 and 181.2). Copper is below 1 wt.% in both
ore types, and thus would result in comparatively pure
gold compositions, if used directly. Analyses of sheets of
native copper by ICP-MS (Element XR, Thermo Fisher
Scientific) showed that elements other than copper are
in sum below 1 wt.%.

The Pb isotope composition of ores reveals infor-
mation on the U-Th-Pb ratios of their metal source(s)
depending on geological events and reservoirs, and the
age of separation of U and Th from Pb during precip-
itation of lead-containing minerals, which discontin-
ued further enrichment of 2°Pb, 20/Pb and 2%8Pb by
radiogenic decay of parental 238U, 23°U and *2Th (e.g.



Tosdal, Wooden and Bouse, 1999; Huston and Cham-
pion, 2023). This coupling of information is a powerful
tool to reconstruct metal sources and metallogenetic
processes in ore deposit formation, and by comparison
with artefact data, to identify their possible raw mate-
rial origin (see below). However, the application of Pb
isotopes might be limited in the present project since
the lead contents might be too low or possibly unrelated
to ore formation in some samples, for example lead in
placer gold ores might not be of primary origin but ra-
ther have been derived from e.g. associated sedimentary
rocks (Kamenov, et al., 2013). Contrary to Pb isotopes,
varying proportions of %Cu and ®*Cu mostly are related
to low-temperature redox processes and therefore de-
pend on the formation history of the ores (e.g. Asael,
et al., 2012; Mathur and Zhao, 2023). Apart from data
collection for comparison with metal artefact data, the
Cu isotope ratios of native copper are particularly inter-
esting from a geological perspective to elucidate on its
formation conditions and processes.

Metal artefacts

Investigation of metal artefacts from museum collections
will be closely coordinated with the responsible curators
and adjusted to the specific prerequisites. Due to unique
character of the objects and their exceptional archaeo-
logical value, non-destructive studies naturally are of
high importance and priority.

Aspects of pre-Columbian metal craftsmanship are
planned to be studied of selected objects from museum
collections with a high-resolution digital microscope.
These comprise production techniques (casting, ham-
mering, laminating, cutting etc.), surface treatments
(depletion gilding, leaf gilding, polishing), joining
techniques (sintering, soldering, granulating), traces of
working processes and tools used, including secondary
and modern traces (e.g. polishing, chipped off metal),
shapes, forms and dimensions of objects (potential stan-
dardisation and variation in archaeological complexes
or stylistic groups), production units (craftsmen, work-
shops, socio-economic groups, regional differences) and
metallurgical aspects (alloy variation versus pure metals
- different colours and thus conclusions on the com-
position possible). Possible inclusions of the platinum
group elements (PGE), specifically osmium-iridium-ru-
thenium alloys in the gold artefacts visible by naked eye
or by digital microscopy can indirectly testify to the uti-
lisation of placer gold (e.g. Ogden, 1977; Meeks and Tite,
1980), provided that primary PGE-bearing rocks were
in close vicinity so that the PGEs were found associat-
ed with gold in the placer. Osmium-iridium-ruthenium
alloy inclusions can be expected in gold derived from

the Peninsula de Osa (as outlined above) while their
potential source rocks are absent from the geological
record of the Cordillera de Tildran. They thus can al-
low (further) discrimination between primary and sec-
ondary gold of Costa Rican occurrences. Additionally,
artefacts from Mesoamerica (Nicaragua, Honduras) and
the Isthmo-Colombian zone (Panama, Colombia) are
planned to be studied with digital microscopy to retrace
(reciprocal) influences on metal craftsmanship from the
neighbouring regions, but also to investigate the possi-
ble transfer of metallurgical technology in the broader
region, including the origin of the earliest known metal
objects from Costa Rica.

For a first-order non-destructive characterisation
of the alloy composition and identification of depletion
gilding layers on-site, objects from museum collec-
tions will be analysed using portable X-ray fluorescence
(pXRF) and their specific density will be determined.
Since pXRF measurements are carried out directly at the
surface, they will deliver representative main element
compositional data for objects which were not treated by
depletion gilding or whose core metal is exposed due to
for example previous testing, and which are not or only
slightly corroded. While measurement of gilded guanin
objects will result in a mixed analysis of surface and core
metal, it will at least enable us to clearly distinguish them
from artefacts made of untreated gold (alloy). In contrast
to pXRE which only allows determining the near-surface
composition, the specific density method represents the
composition of the entire object. While internal cavities
(German: Lunker) may somewhat distort the measure-
ment, the results will nonetheless provide a meaningful
first impression of the composition.

For detailed analyses, necessary to address complex
questions of raw material provenance of artefacts (lead
isotope analyses etc.) it will be sine qua non to be able
to take metal samples of museum objects for laboratory
analyses. Objects well suited for such minimally invasive
analysis (e.g. by micro-drilling) will be broken off parts
of (stylistically identifiable) artefacts, or artefacts with
visible traces of earlier sampling or testing. Such metal
specimens will be analysed for their chemical composi-
tion down to the trace element level by solution-based
ICP-MS. Elemental signatures depend on the type of
ores used, and subsequent metallurgical processing and
metal working (cf. Hauptmann, Rehren and Pernicka,
1995; Guerra and Calligaro, 2004; Bendall, et al., 2009;
Ehser, Borg and Pernicka, 2011; Numrich, et al., 2023).
Since the vast majority of at least cast metal objects are
deliberately alloyed with copper, their elemental pattern
will represent a mixture of different raw material types.
A database of potential ores therefore is a prerequisite of
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any discussion of likely gold and copper sources utilised,
and to evaluate their respective contribution to the ob-
jects’ geochemical patterns. Such a database will be es-
tablished for Costa Rica in this project, while reference
data from neighbouring regions are available elsewhere
(e.g. Macfarlane and Lechtman, 2016, for South Ameri-
ca; Klein, et al.,, 2022, for aspired global coverage).

Some elements are characteristic for ore types. For
example, trace amounts of PGEs detected in analyses of
placer gold from the Peninsula de Osa (Berrangé, 1992)
have the potential to distinguish it from primary gold of
the Cordillera de Tilardn due to the different geological
style of mineralisation. The low proportion of “impuri-
ties” detected in preliminary analyses of native copper
and gold grains from the Peninsula de Osa indicates that,
if elevated amounts of, e.g. sulphur, tellurium, nickel,
and antimony are detected in the metal artefacts, they
would be introduced by the utilisation of more complex
raw materials such as copper ores with (restitic) sulphide
minerals. While inclusions of osmium-iridium-rutheni-
um compounds will be left unchanged by metallurgical
processing, platinum and palladium will enter the liquid
together with gold (Barnes, Naldrett and Gorton, 1985;
Bockrath, Ballhaus and Holzheid, 2004). The contents of
other elements might be affected by volatilisation (e.g.
sulphur, zinc) due to oxidising conditions that can pre-
vail in simple metallurgical installations where air flow
cannot be thoroughly controlled. Elemental patterns of
ores and artefacts therefore mostly cannot be compared
directly. Since isotopic fractionation decreases propor-
tionally with temperature, the influence of metallurgical
processes on isotope signatures commonly is negligible.
They thus can be used to link raw material sources and
artefacts, rendering Pb isotopes the arguably most im-
portant tool for data-driven provenance analysis of ar-
chaeological metal objects (Killick, Stephens and Fenn,
2020; Klein, et al., 2022). However, as already pointed out
in the previous section, application of Pb isotopes might
be limited due to the possibly low lead contents of some
potential ores. Furthermore, the lead abundances in gold
artefacts often are very low and hence would necessitate
rather large sample sizes that usually are not available.
Copper isotope patterns can yield important insight into
the ore types used (Klein, et al., 2004) and can potentially
be used to identify mixing in related artefacts. Coupling
compositional and isotopic data, we would aim to nar-
row down or exclude mining districts from which metals
were or were not sourced. Subsequently generalised geo-
logical (and geographical) correlations between ores and
objects as well as production debris, if available, will be
established. The hypotheses on the raw material supply
established by these data will be collected in a GIS data-
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base comprising results from the field surveys to identify
potential connections with other archaeologically rele-
vant findings.

The silver contents of pre-Columbian metal objects
from Costa Rica analysed so far (Rovira, 1994; Scott,
1995; Fernandez and Quintanilla, 2003; Schlosser, 2004;
Fernandez Esquivel, 2011) generally fit well to available
data of (paleo-) placer ores from the Peninsula de Osa
but do not match the comparatively silver-rich compo-
sition of primary gold from the Cordillera de Tilaran
(Berrangé, 1992; Fernandez and Quintanilla, 2003;
Mixa, et al., 2011; preliminary data from this project).
Since most artefacts investigated so far either originate
from the broader Diquis area in the south of Costa Rica
and/or have been tentatively assigned to the style of this
region, this observation indicates the importance of lo-
cal (gold) resources for artefact production. However,
as mentioned above, it also reflects an artefact bias that
leads to an underrepresentation of objects from central
and northern Costa Rica, including the earliest archae-
ological contexts with metal finds. A systematic inves-
tigation of their (main element) composition has yet
to be performed, to which we aim to contribute with
our study. Another aspect to consider is the extent of
compositional variation of primary gold ores from the
Cordillera de Tildran, and specifically the impact of flu-
vial transport which increases the Au/Ag ratios of gold
grains by preferential leaching of the less noble silver.
However, the electrum-like composition of epither-
mal gold investigated so far in any case contradict the
long-held assumption that pre-Columbian metal arte-
facts with an elevated silver content are imports from
the south (where highly argentiferous gold deposits are
known) and were not produced from local resources
(see for example Lothrop, 1937 for artefacts found in
Sitio Conté, Panama).

Due to the widespread utilisation of copper-rich gold
alloys, a central technological aspect is to reconstruct
how the guanin was produced, i.e. if native or smelted
copper was used. As described above, oxidised copper
ores abundant in Costa Rica provide a comparatively
easily accessible source of copper and thus offer a poten-
tial alternative supply of the metal. It also has to be as-
sessed whether copper and gold were mixed in particular
ratios to generate alloys with favourable characteristics,
e.g. better casting properties, increased hardness and
particular colour or odour. Furthermore, we will inves-
tigate whether the alloy composition is correlated with
spatial, stylistic and chronological differences.

By all means, the importance of the resource copper
in pre-Columbian Costa Rica should not be underesti-
mated. During cataloguing objects for the database, it



became evident that gold rarely was used without add-
ed copper for the manufacture of cast artefacts, whose
number is clearly larger than those of sheet metal ob-
jects. The inventory of the metal artefacts of the MNCR
which arguably comprises the least biased object collec-
tion in terms of e.g. alloy composition and preservation
and shape of the objects, hosts a number of objects made
of seemingly gold-poor or even unalloyed copper. The
potential local sources of copper (from native copper or
other types of copper ores), the origin and development
of possible metallurgical knowledge necessary to use
these raw materials, or the trade contacts which served
to either access copper metal for local workshop produc-
tion or to import finished objects, are of principal im-
portance of our understanding of pre-Columbian Costa
Rican metalworking.

Outlook: a Socio-cultural perspective of
metal production in Costa Rica

Stepping back from the material-based aspects, it is nec-
essary to be aware of the far-reaching social implications
of metal working (cf. Eliade, 1980; Falchetti, 2003; Shi-
mada and Craig, 2013). What was its true role in indige-
nous societies? For which purposes were metals used and
who handled them? Did metal objects serve as symbols
of power or status and prestige, were they part of ritual
practices or some other activities (Snarskis, 1985; Hosler,
1995; Fernandez and Segura Garita, 2004)? Were there
economic/cultural contacts with other cultural groups or
elites that led to the exchange of prestige goods? Numer-
ous theories and reflections on the role and importance
of early metallurgy exist for Central America and mainly
are based on iconographic and stylistic grounds and ar-
tefact distribution (aptly drawn together in Quilter and
Hoopes, 2003).

Our systematic characterisation of ore deposits and
metal artefacts will build a comprehensive data basis for
early metallurgy of Central America, i.e. Costa Rica for
a start, and will enable to evaluate existing socio-cul-
tural interpretation models. Current hypotheses, e.g.
for the south of Costa Rica, favour a setting in which
inland chiefdoms controlled the gold-bearing rivers in
the south from afar (Corrales Ulloa, 2021). The mate-
rial basis is particularly crucial for the interpretation
of raw material circulation, preferred trade routes and
exchange networks and the socio-cultural implications
derived from these aspects. Due to the high level of re-
search input in the Diquis delta, including the Peninsu-
la de Osa, this important part of southwest Costa Rica
may develop into a key case study for the role metal pro-

duction and use played in ancient societies of Central
America.

In cooperation with Ancient American studies,
drawing on methods from applied geochemistry, ar-
chaeometallurgy, experimental archaeology, ethnoar-
chaeology, ethnohistorical studies and comparative ar-
tefact studies, we aim to explore these aspects at a later
stage of the project. As Costa Rica features both ties to
cultures of the north (Mesoamerica) and the southeast
(Panama and Colombia), it provides a perfect starting
point for a re-appraisal of the cultural impact of early
metallurgy and its development in (southern) Central

America.
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