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Introduction

In September 2014, two bells from the Catholic church 
of Escobedo, NL, a small town in northern Mexico, 
were stolen and cut apart to be sold as scrap. Just a few 
days later, after the formal denunciation and the atten-
tion drawn by a video request made by the local priest 
uploaded on YouTube, as well as diverse mentions in the 
news, an anonymous call led the police to recover nine 
fragments in a bag by the roadside that comprised 40 to 
60 percent of each bell.

Conservators from the National School of Conser-
vation (ENCRyM) of Mexico’s National Institute of 

Anthropology and History (INAH) were commissioned 
to evaluate the damage and to design the restoration. 
Consequently, an interdisciplinary team was consti-
tuted, that included metal and musical instrument 
conservators, sociologists, metallurgical, mechanical, 
electrical and mechatronic engineers, corrosionists 
and acoustical physicists. The team has been working 
since then to recover the bells’ form and appearance 
and their sound function, so that the community’s 
cultural practices could be reinstated within a frame-
work of respect for the bells’ material, historical and 
symbolical features.
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The bells and their context

Two of the three bells of the Purísima Concepción church 
(Figure 1) were stolen. According to the inhabitants and 
the media, the bells date from the first quarter of the 
18th century, when the Franciscan mission was estab-
lished, although the writer Jose de Jesus Martinez suggests 
that they date from 1810 (Martinez, 2011).

The recovered fragments were classified as those of 
bell A and B. On three fragments of bell A, which was 
46 cm high and had a maximum diameter of 60 cm, it is 
possible to identify part of a legend: “… YRBOALAS… 
“. Six fragments were recovered from bell B; this bell was 
44 cm high and had a maximum diameter of 65 cm.. On 
it are the letters “... S... YRBOALAS… MTR…” that may 
correspond, in Spanish, to: “I serve the Holy Trinity”. 
Both bells are adorned with cords and discrete vegetal 
and geometric motifs.

Escobedo is a small and fairly unknown town of less 
than 300 inhabitants, whose most important economic 
activity is the farming of citrus products (INEGI, 2010). 
In a strange turn of events, the attention generated by 
the theft put Escobedo on the map (AztecaNoticias, 
September 17, 2014; Cerda, September 8, 2014, video).

 

Figure 1. Top: The three 
bells before the theft. 
Left: The remaining bell

Other thefts of copper have occurred in the area, and not 
long ago there were major troubles caused by conflicts 
between two crime cartels. Considering these circum-
stances and the fact that the thieves surely had no interest 

in cultural heritage, it is significant that a few days after 
the release of the priest’s video, wherein he had asked 
the thieves not to sell the bells because of their great 
value to the church, their historical value, and because 
“[...] the people of Escobedo recall in the bells that were 
stolen, their history”, the police received an anonymous 
call that pointed to the place where the bells’ fragments 
were discarded (Flores, 2014).

Material characterization

Two samples of each bell were taken from the edges 
of the recovered fragments and were examined via 
optical metallographic analyses, SEM-EDS, using a JEOL 
JSM-5900LV and Oxford ISIS EDS equipment, and the 
surface was analysed with Electrochemical Impedance 
Spectroscopy (EIS).

Both bells, as expected, had been cast. Porosity and crys-
tals observed in the fragments’ walls and the dendritic 
structure visible in the metallographic analysis confirm 
the casting. All samples had a very similar composition: 
90-94 percent of copper, 5-8 percent tin, and 1-2 percent 
of lead nodules. Results suggest that both bells had 
been cast in a single operation and probably in situ. The 
percentage of lead seems attributable to the copper ore 
instead of intentional addition; the high copper content 
makes the alloy too soft for the production of sound and 
also becomes prone to breaking. The small amount of tin 
might appear unusual for bell manufacturing, although 
it seems this could have been due to the local shortage of 
this metal in Mexico until the late 19th century.

While not essential for this project, the opportunity 
to obtain EIS data (shown in table 1) was availed. The 
EIS results were fitted using a typical Randles electrical 
equivalent circuit (Scully, Silverman and Kending, 1993), 
analysing high and medium frequencies only.

As is well known, reciprocal of charge transfer resistance 
(Rct) is proportional to the corrosion rate, so larger 
values result in low corrosion rates. Zones covered with 
copper oxides, as well as iron oxide runoffs from the 
supporting iron chain showed larger Rct values since 
oxides diminish the corrosion rate by covering bare metal, 
even when these are not passive oxides. Capacitance (Q) 
values obtained during fitting show a film with no passive 
features. The copper patina layer is formed by porous 
compounds and has a heterogeneous distribution, so it 
is not very protective.
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Exposed metal caused by abrasions on bell B show 
concordant Rct and Q values. The bare alloy corrosion 
rate is, as expected, the largest (lowest Rct values), and 
capacitance values are associated with an electrochemical 
double layer (e.g. bare metal exposed to electrolyte).

The inner parts of both sound rims show the highest 
capacitance values: 55.18 µF and 22.22 µF (Farad and 
µF are measures of Q) for bells A and B respectively. 
Therefore, a low corrosion rate could be expected due 
to the corrosion resistance promoted by the mechanical 
compression caused by years of percussion. One of the 
hardened zones of the sound rim of bell B shows a very 
low capacitance value (0.0407 µF) associated with protec-
tive layers on the metal (Scully, Silverman and Kending, 
1993), but this zone is also broken, and if the passive 
films are near mechanical stress zones, they could break, 
re-form, then break again time after time, following a 
stress corrosion cracking mechanism.

Damages

The bells were already damaged before the theft; inap-
propriate material selection and inadequate control 
during the manufacture process had caused breaks, as 
demonstrated by the corroded edges of a number of 
fragments. After the theft, both bells were fragmented 
by cutting them with a circular saw and by striking. The 
domes and shoulders of both bells are complete, while 
the other fragments are rather irregular comprising 40 
to 60 percent of each bell (Figure 2); neither conserved 
their clappers or their crowns.

Figure 2. The recovered fragments

As the apparent purpose of the theft was to sell the bronze 
as scrap material, it is comprehensible that the fragments 
were severely damaged, deformed and abraded, and many 
fragments were missing. Under these circumstances, the 
fragments cannot any more be considered as bells, as they 
do not resemble a bell, cannot be exhibited as museum 
objects and are unable to fulfil their acoustical function.

Stakeholders’ expectations

Knowledge of the stakeholders’ expectations is central 
for the restoration work, making it obligatory to show 
genuine institutional awareness by recognising and 
considering the conditions, needs, and opinions of the 
stakeholders, as these communities usually are distrustful 
of institutions.

A sociologist and a conservator travelled to Escobedo 
to record the peoples’ expectations from the restoration 
work. The stakeholders expressed their concern about 
the chances of recovering those bells that were stolen 
and partly recovered, and were particularly interested 
in knowing if the recovered bells could actually produce 
sound and could once again be used as call instruments. 
As they thought that the fragments only needed to be 
joined again, it was necessary to clarify the current 
state of the recovered objects and inform them that 
the bells were not only fragmented when found, but 
also incomplete.

The team has stayed in touch with the community and 
the priest during the progress of the work (as illustrated 
in Figure 3).

Decision making process

Knowing the stakeholders’ expectations, two needs were 
clear: the retrieval of fragments as well as the form and 

Table 1. Results from fitting EIS diagrams

Bell A
Zone Rct/ Ω·cm² Q / µF
Ext. part of the dome, iron oxide runoffs 17.463 0.9668

Inner sound rim 7.053 55.18

External patina 4.831 0.202

Bare metal on edge 727 67.0

Bell B
Ext. part of the dome, iron oxide runoffs, 
bare metal partially exposed

2.786 31.90

Ext. part of the dome, iron oxide runoffs 2.124 0.784

Inner patina on skirt 278 62.4

Inner patina on skirt 2.204 0.97

Inner sound rim 15.233 22.22

Inner sound rim, cracked zone 5.039 0.0407

Bare metal on edge 544 63.08

Rct, charge transfer resistance
Q, capacitance
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look of the bells and the recovery of the acoustic func-
tion, while respecting the bells’ material, historical and 
symbolic features.

Recasting was not an option as it contradicts almost 
every deontological criteria of conservation. Welding 
too was not an option because of diverse reasons: 1) 
the temperature would change the crystal structure and 
remove the patina; 2) the highly porous structure of the 
fragments would make this an unsafe procedure and 
threaten stable joints; 3) the fragments’ deformation 
would not allow their matching; 4) the amount of mate-
rial to be removed needed for a good welding would be 
categorically unsuitable, 5) the high content of copper 
in the original alloy– greater than 90 percent– would 
necessitate a temperature of over 1000°C which would 
be unsafe for the material, particularly considering its 
porosity and lead content.

The results of material characterization made it clear 
that the original features of the materials, as recovered, 
prevented fulfilling both aims: recovery of form and 
look and of sound. Therefore, the team proposed recon-
structing the bells using the recovered fragments and 
replacing the missing parts by making use of 3D scanning, 
digital modelling and additive manufacturing technolo-
gies, as well as casting reproductions of the bells with a 
proper alloy to fulfil the sound production requirement.

The facts that both bells were broken long ago and none 
of the current inhabitants of Escobedo would, perhaps, 
remember their “original sound” were also important 
considerations for decision-making. Reproducing the 

sound of a bell with a copy is usually difficult, because of 
the complex nature of their vibro-acoustic, metallurgic 
and mechanical features (Rossing 1984, Rossing 2000, 
Hibbert 2008), and also because the specific information 
of the original bell is not always complete or precise, as 
in this case. Although aspiring to replicate the “original 
sound” might be a very familiar aim for conservators of 
sounding artefacts when making a copy (Koster 1994, 
Koster 1996, Eltse 1994), in view of their actual material 
features and since the function of these bells is social 
and religious rather than musical, their “original” tonal 
quality becomes quite irrelevant.

Hence, from a practical point of view, we considered 
a reasonably good strategy to make the reproductions 
favouring material and acoustic quality by using proper 
‘bell metal’, instead of aiming to copy the material features 
of the recovered fragments such as the original –too 
soft– alloy, and trying to replicate the ‘original’ sound.

The team shared these proposals with the priest and 
Escobedo inhabitants who welcomed the idea. They are 
raising funds to build a proper space to display their 
reconstructed ‘historical bells’, ensure the required secu-
rity conditions for the reproductions to prevent another 
theft, and also to hold a “fiesta” to welcome the bells.

Reconstruction

3D scanning, modelling and additive manufacturing

For the reconstruction, the team made a visual inspec-
tion of the recovered fragments to identify which parts 
belonged to which bell, although there was not enough 
information to assure that the selection was right.

The fragments underwent 3D digitization using a 
HandyScan 700 3D scanner by CREAFORM, and refer-
ence targets were placed on their surface to establish a 
position reference system, as shown in Figure 4.. This 
process was important as the fragments’ forms have 
several faces and corners, and the reference targets 
facilitate the 3D scanning process and increases its 
accuracy. The system parameters were 100 µm of 
resolution, 250mm depth of field, and a sample rate of 
250000 samples per second. The time required for this 
step was eight hours.

The resulting models were examined with VXElements 
V4.0 CREAFORM software to clean those elements that 
did not belong to the bells’ fragments but resulted from 

 

Figure 3. Meeting 
at the church in 
Escobedo
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the surfaces near the scanned section that needed to be 
erased. GOM Inspect V8.0 software was used to correct 
errors in the digitized fragments’ generated mesh and to 
fill the missing parts. The process is illustrated in Figure 5.

After repairing the digitized fragments, all were grouped 
bearing in mind the first visual arrangement: seven 
fragments for bell A, and only two for bell B, as shown 
in Figure 6. After a number of iterations, the fragments 
did not match and it was evident that they had been 
misclassified. Therefore, the domes and shoulders of 
each bell were used as reference for the reconstruction 
so as to identify the correct arrangement and to establish 
quantitative values for the digitized parts.

Considering that the bells are a solid of revolution (a 
figure obtained by rotating a figure around a straight 
axis), the first step was aligning the superior part of each 
bell to obtain the spinning axis, and then calculating 
the values of the different planes. Using both the radius 
and the spinning axes and detecting and correlating the 
circumferences’ radius, it was possible to detect which 
fragment belongs to which bell, and then to classify the 
fragments: 3 fragments for bell A and 6 for bell, as shown 
in Figure 7.

The final assembly was obtained again using reference 
points of the bells’ surface features. However, this proce-
dure had a few errors because of the deformation of 
the fragments. Therefore, the next step was to find the 
corresponding axis of each part and make it match. Yet, 
even after aligning, there were some unwanted intersec-
tions and in order to avoid this, translational and angular 
movements were performed to obtain a good profile, as 
shown in Figure 8.

Figure 4. 3D scanning process: a) Placement of reference targets; b) 
Fragments ready for the 3D scanning process; c) 3D scanning Figure 5. a) Result from the 3D scanning; b) Cleaning process showing 

the unwanted surfaces in yellow; c) Final result

Figure 6. Digitized parts of bells A and B. Top: First arrangement. Below: 
First assembly iteration

Figure 7. Reference parts alignment. Upper left: The ideal circumferences 
at different planes. Lower left: Alignment of the superior parts and 
the corresponding axes and circumferences in different planes. Right: 
Reconstruction of both bells’ fragments

Figure 8. Accurate and final assembly of fragments of both bells
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Properly assembled, the profile of each bell was used 
to develop a complete solid of revolution, and then the 
missing parts were obtained by subtracting those origi-
nals (Figures 9a and 9b). The crowns of both bells were 
hand modelled (to avoid a ‘too perfect’ look) with plaster, 
based on pictures of the original bells and according to 
the measures obtained with the 3D digitization of the 
originals, then digitized and added to the restored digital 
bells’ models.

Figure 9. a) Bells based on the profile of the digitized parts, b) Final result 
of the digital restoration procedure

The resulting files are being used to build the actual 
replacement elements with a FDM system (Fortus 900mc, 
Stratasys), acrylonitrile butadiene styrene (ABS) as model 
material, and SR-30 as temporal support.

Physical assembly

Since the deformations of the fragments cannot be recti-
fied, and considering that the theft and fragmentation 
are an important episode of the objects’ life, the team 
did not consider concealing them, but the reconstructed 
bells will be displayed in a manner that allows the viewer 
to understand their previous forms.

For the final physical assembly, the team designed 
an aluminium structure to mechanically fix the frag-
ments and the polymeric replacements in their most 
accurate positions. The gaps will be filled with acrylic 
paste, while the replacements will be painted resem-
bling the look of the recovered fragments’ patina, so 
that they will integrate with the original but remain 
distinguishable.

The reconstructed bells will be displayed in the church 
or the sacristy in Escobedo and not in the controlled 
conditions of a museum, so the expositive devices will 
need to be as stable and safe as possible, and their inner 
aluminium structure will be attached to them.

Reproductions

At the moment of writing this text, the new bells have 
not yet been cast. However, we have solved important 
questions about the viability of making exact copies of 
the bells as they were before the theft.

As the interdisciplinary team has no experience in bell 
casting, the reproductions will be cast by a highly expe-
rienced traditional bell-founder. Instead of replicating 
the high copper alloy of the original bells, which was 
too soft and difficult to melt and cast, high-quality, 
resistant and stable bronze alloy (78-80 Cu, 20-22 Sn, 
also known as ‘bell metal’), capable of producing good 
sound, will be used to cast the reproductions according 
to the dimensions, thickness and profile obtained from 
the 3D scanning and modelling of the original bells. 
Therefore, the new bells will preserve key aspects of the 
original ones, and assuredly will have a long and useful 
life with good acoustic qualities that allow them to fulfil 
their communication purpose.

 Current thoughts and considerations 
for the future

We would have liked to draw conclusions regarding the 
restoration work, but diverse issues prevented us from 
completing this project at the time of writing. However, 
by the time of the conference, both the reconstructed 
bells and their reproductions would have been exhibited 
and used by the people of Escobedo.

Communicating the decision-making process with the 
stakeholders is central, since the main aspect in this 
case is preserving the relationship of the community 
with their heritage. As this case study shows, people 
strive to maintain deep connections with their heritage, 
even in difficult situations of insecurity. In this case, the 
commemorative and sound functions of the bells proved 
to be more significant than the aim of reproducing an 
unattainable ‘original sound’ (due to the original material 
features of the original objects). As neither casting nor 
welding were considered ethical options, the decision of 
reconstructing the bells with the recovered fragments and 
replacements of the missing parts solved the commemo-
rative function, while making reproductions solved the 
acoustical function. Therefore, we conclude that both 
were reasonably good solutions that took advantage of 
material studies and modern technology, such as 3D 
scanning and modelling, along with the recognition of 
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the social function of objects in order to solve multidi-
mensional problems.
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