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ABSTRACT

In 1903, the Berlin Museum of Ethnology commissioned Alfredo Jahn Hartman to conduct
archaeological excavations in the Lake Valencia basin in Venezuela. Jahn explored two sites,
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Camburito and ElI Zamuro, where he unearthed pre-Columbian artefacts and human burials

and subsequently sent them to Berlin. More than a century later, we digitised this collection
following a detailed protocol to obtain scans with submillimetre accuracy reproducing the
geometry and textures of the physical crania. The significance of this work extends beyond
the technical digitisation of bioarchaeological samples. These three-dimensional models offer
a rare opportunity to revisit and recontextualise this collection. It enables in-depth studies of
intentional cranial modification in pre-Columbian societies, enhancing our understanding of
the prehistory of the region. Furthermore, it helps preserve these fragile physical samples for
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future generations. To continue fostering open access and collaboration among specialists, a
selection of the digitised collection is available in an online repository.

1. Introduction

The nineteenth century witnessed the idea of a twofold
new museum. One side focused on educating and
entertaining the public, while the other functioned as
an instrument for the research and documentation of
testimonies from the past (Coleman Sellers 1980;
Renfrew and Bahn 1996; Schultz 1990). During this
time, museums were oriented towards a deeper under-
standing of nature, including humanity, history, and
culture. Rooted in a nationalist and colonial perspec-
tive, these institutions used disciplines like anthropol-
ogy and archaeology to highlight and promote a sense
of local identity. They also focused on studying the
“other”, as societies considered “stuck in time” and
on the so-called “primitive stages” within the progress-
ive cultural “evolution” (Todorov 1991; White 1949).
This trend was followed in Latin America and the Car-
ibbean by an academic elite largely influenced by theor-
etical currents from Europe and North America.

On one side, this colonial paradigm influenced how
the metropolises defined the narrative of reconstruct-
ing local prehistory, including collections of natural
history, anthropology, and archaeology in the region.
On the other, it promoted the rise of relevant intellec-
tuals, professionals, and amateurs interested in the
past of native populations and also drawn to palaeon-
tology, botany, zoology, and other natural sciences in
the region (Curet 2011).

Alfredo Jahn Hartman (1867-1940) stands out
among this elite of local multidisciplinary intellectuals.
Born in Venezuela with German roots, he made signifi-
cant contributions to civil engineering, botany, geogra-
phy, history, geology, anthropology, and archaeology in
the region (Diaz Casanova 2007). His work in Vene-
zuela and his personal and scientific link with Germany
were fundamental in promoting professionalism in the
archaeology of the region. As evidenced in 1903, the
Museum of Ethnology (Museum fiir Volkerkunde) in
Berlin commissioned him to carry out systematic
explorations and archaeological excavations in the
basin of Lake Valencia in Venezuela. In the report pub-
lished in 1932, Jahn details the investigations carried
out at the Ceramic Age' (Hofman 2013; Hofman and
Hoogland 2011; Keegan and Hofman 2017) sites of El
Zamuro and Camburito.

One hundred twenty years after the excavations of
Alfredo Jahn, we present the digitisation of the pre-
Columbian crania recovered in Lake Valencia sites
and currently deposited in the Museum of Prehistory
and Early History in Berlin. This study aims to revisit
and digitally recontextualise this historically signifi-
cant collection. By doing so, it has the potential to con-
tribute to multiple fields. First, the digitised models
enable advanced research into pre-Columbian
societies in topics such as intentional cranial modifi-
cation (ICM), enriching our understanding of
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biocultural practices of the past. Second, it helps to
digitally preserve these fragile bioarchaeological
remains by mitigating the risks of physical deterio-
ration. Third, it ensures long-term access to this col-
lection through open resources and subsequently
creates new research exchanges. Fourth, it contributes
to ethical and decolonial discussions by promoting
equitable access to the collection. Finally, it reiterates
the continuous effectiveness of 3D digitisation tech-
nologies for bioarchaeological documentation.

2. From the Lake Valencia Basin to Berlin

The Camburito site was located on the left bank of the
Turmero River, approximately three kilometres east of
Lake Valencia (Figure 1). It encompassed a series of
50-60 mounds, each with a diameter ranging from
10 to 25 metres (Jahn 1932; Von den Steinen 1904).
After assessing 13 mounds, Jahn selected two for
thorough excavation. In the central sectors, he found
ceramics, necklaces, and stone and shell beads. Like-
wise, the presence of hearths suggests that these struc-
tures were likely used as dwellings.

Two types of burials were also found. One included
funerary urns with human remains and the other
skulls without urns or covers, indicating the conver-
gence of practices similar to those observed in other
cemeteries near Lake Valencia (Jahn 1932; Von den
Steinen 1904). From Camburito, Jahn studied two
skulls, as described in his unpublished 1903 report
(Jahn 1903). Regrettably, the original assigned num-
bering has been misplaced, making it challenging to
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connect these specimens to the contexts outlined in
the report. Nevertheless, in his accounts, Jahn refer-
ences a child burial, suggesting a potential link with
one of the infant skulls documented in the Museum
of Prehistory and Early History in Berlin (Museum
fir Vor- und Frithgeschichte) from Camburito.
Regarding the other skull, tentatively identified as
that of an adult woman, the context remains uncertain
based on the information available in current records
(van Duijvenbode 2017).

The other site excavated by Alfredo Jahn in 1903 was
El Zamuro (also known as La Mata; Figure 1). The site
is located on the right bank of the Aragua River,
approximately 2.5-3 kilometres east of Lake Valencia.
According to the report drafted by Jahn, the 22 mounds
found were randomly distributed and mostly ranged
between 20 and 40 metres in diameter, except for num-
ber 4, which measured 130 metres in length and 63
metres in width (Jahn 1932; Von den Steinen 1904).
In the central area of mound 2, Jahn found around
50 urns at a relatively shallow depth, distributed in
groups of 8-10 sets. Meanwhile, he estimated that
mound number 4 contained between 200 and 300
urns. The material collected from the 18 urns opened
by Jahn included human and faunal bone remains,
stone artefacts, and shell necklaces (Antczak, Antczak,
and Falci 2019; Jahn 1932; Von den Steinen 1904).
Like in Camburito, Jahn identified evidence of hearths
and food remains, suggesting that humans inhabited
these mounds. Once the archaeological excavations
were completed, the materials found were transferred
to the Berlin Museum of Ethnology in 1903.
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Figure 1. Map depicting the Caribbean region (scale 400 km), with a close-up view of the archaeological sites of El Zamuro and

Camburito near Lake Valencia in Venezuela. Scale: 10 km.



3. Digitisation of the collection. Data
acquisition and post-processing

Twenty-one specimens from El Zamuro (N =19) and
Camburito (N =2) were scanned using the structured
light scanner Artec Space Spider (Table 1), following
the protocol presented by Rangel-de Lazaro et al.
(Rangel-de Lazaro et al. 2021). This equipment can
achieve submillimeter 3D resolution and point

Table 1. Digitised samples of pre-Columbian human crania
from El Zamuro and Camburito (Bolivarian Republic of
Venezuela) deposited in the Museum of Prehistory and Early
History of Berlin.

ID Site Age group Modification
S 4928 El Zamuro adult present
S 4929 El Zamuro adult present
S 4930 El Zamuro adult absent
S 4931 El Zamuro adult present
S 4933 Camburito infant present
S 4934 El Zamuro adult present
S 4935a Camburito adult absent
S 4936 El Zamuro adult absent
S 4937 El Zamuro infant absent
S 4938 El Zamuro adult absent
S 4939 El Zamuro adult present
S 4940 El Zamuro adult absent
S 4942 El Zamuro adult present
S 4943 El Zamuro juvenil present
S 4944 El Zamuro adult present
S 4945 El Zamuro adult absent
S 4946 El Zamuro adult absent
S 4947 El Zamuro adult absent
S 4948 El Zamuro adult present
S 4949 El Zamuro adult present
S 4950 El Zamuro adult absent
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accuracy (up to 100 and 50 pm, respectively) in the
final model.

All samples were digitised following the same pro-
cedure. Each specimen was placed on a rotating plat-
form and scanned in different positions to capture
the complete geometry and texture of the skull.
Scans were processed using Artec Studio 17 (Artec3D
2022). First, fine registration was performed to align
pairs of sequential frames in the three to four scans
captured on each specimen (Figure 2(a)). In this
step, the rotating platform was removed from the
scene.

The auto-alignment tool was then used to reposi-
tion the overlapped scans in the same 3D space (Figure
2(b)). Once aligned, they were globally registered to
compare and optimise the frame positions across all
scans.

After completing the global registration of all scans,
a maximum registration error of 100 um was obtained,
indicating the high quality of the acquisition per-
formed (Figure 2(c)). Subsequently, in the final
model, values that could introduce noise at the edges
were removed (Figure 3(c)). A threshold value equal
to 2, recommended for noisy surfaces, and a resolution
equal to the maximum registration error (i.e. 100 um)
were applied for better results. Then, all scans were
merged, creating a single sharp simplified mesh
(with a resolution of 100 pm) with the small-object
filter applied (Figure 2(d)).

Global registration &
Outlayer removal

'

o

Sharp Fusion

Figure 2. Workflow used for processing the scanned data in Artec Studio 17 (Modified after [Rangel-de Lazaro et al. 2021]).
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5cm

Figure 3. Representation of scanned samples. a. Specimen
S4936 from El Zamuro. b. Specimen 54933 from Camburito
is displaying ICM. c. Specimen S4943 from El Zamuro with
ICM. Scale: 5 cm.

The texture was applied to the models to achieve a
realistic appearance (Figure 2(e)). A texture atlas was
combined with structure interpolation and normalisa-
tion to obtain an output size 8192x8192. Texture par-
ameters such as brightness, gamma correction, and
contrast were adjusted to resemble the physical speci-
men. Finally, a curated selection of the scanned crania
was uploaded to Figshare, an accessible online reposi-
tory to facilitate the storing, sharing, and dissemina-
tion of these valuable specimens by professionals
(Figure 2(f)).

4, From bones to digital model

A selection of three of the 21 3D models of pre-
Columbian crania is illustrated in Figure 3. As can

be observed in the image, two of these skulls from El
Zamuro (Figure 3(b)) and Camburito (Figure 3(c))
exhibit fronto-occipital ICM (Dembo and Imbelloni
1938; Hrdlicka 1919). From the analysed sample, ele-
ven individuals with these characteristics have been
identified. ICM was a biocultural practice widespread
in the region before contact between colonisers and
the native population (Tiesler 2014).

In the case of fronto-occipital modification, the
head was tightly bound with bandages and secured
between two compression forces, one on the occipital
bone and the other on the frontal bone. Both elements
exerted an anteroposterior mechanical force to create
a flattened parallel orientation and a backward incli-
nation (Dembo and Imbelloni 1938; Hrdlicka 1919).

The Spanish Chronicles of the Indies reported that
ICM was performed after birth and maintained until
the early years of life (de la Vega 1826). At this
stage, cranial bones are still flexible and easy to manip-
ulate because sutures and fontanelles, which play a
critical role in cranial expansion, act as growth and
contact zones (Scheuer and Black 2000). The pressure
and tension exerted during ICM induced functional
and structural changes between soft and hard tissues
(i.e. bone, brain, and vascular system) that grew
towards uncompressed regions without affecting neu-
rocranial size (Moss 1958; Rangel-de Lazaro et al.
2021; Tiesler 2014).

The intensity of the changes caused by cranial
modification can vary from mild to severe or extreme.
The extent of morphological alterations resulting
from compression forces depends on the age at which
modification began, the duration of compression appli-
cation, the degree of pressure exerted, and the materials
used. Nevertheless, every approach has its limitations.
Ethnohistorical accounts (Dingwall 1931) and recent
research refers to the potential health hazards of ICM
(Lekovic et al. 2007; Mendonga de Souza, Reinhard,
and Lessa 2008). Side effects, including secondary cra-
nial asymmetry, circulatory issues, necrosis, and infec-
tions, could result from the mechanical pressure
applied during head shaping and inadequate hygiene,
blood, and air circulation (Boman, Froment, and Char-
lier 2016; Torres-Rouff 2020).

Over time, ICM has garnered interest from ethno-
historians, bioarchaeologists, and bioanthropologists,
particularly in the study of Mesoamerican and South
American samples and, to a lesser extent, those from
the Caribbean (island and mainland). Early studies
involved metric evaluations of intentionally modelled
skulls using the Klaatsch polygon® (Klaatsch 1908) to
analyse the displacement of cranial points by compar-
ing their positions and angles with those of unmo-
dified skulls (Imbelloni 1924-1925). Other
approaches considered the vertical and horizontal
angles of the foraminal clivus as convenient classifying
parameters to distinguish different forms of tabular



and annular modification (Dembo and Imbelloni
1938). Likewise, the angle between the basion-nasion
was considered a measure to establish the degree of
backward inclination of the vault and, therefore, the
type of head modification (Romano 1965). Recently,
the application of three-dimensional methods and
geometric morphometrics has shifted the focus
beyond classification and traditional metrics to offer
a more comprehensive interpretation of what is evi-
dence of culture imposed on biology (Kuzminsky
et al. 2016; Piischel, Friess, and Manriquez 2020).

5. Exchange networks and cranial
modification in pre-Columbian Venezuela
and the Caribbean

The digitised skulls provide new information to help
contextualise the archaeological landscape of Venezuela
and the Caribbean in pre-Columbian periods. Recent
research indicates the Caribbean was central to local,
regional, and pan-regional exchange networks (Hof-
man and Hoogland 2011; Valera and Gonzélez
Muiioz 2017). Evidence suggests that during the early
ceramic period, Saladoide artefacts were transported
by communities from the Lower Orinoco to the Vene-
zuelan coast, providing a means to reach the islands of
the Caribbean (Boomert 2013; Keegan and Hofman
2017). Consequently, the sociocultural boundaries of
these communities may have extended beyond the
immediate coastal regions of the South American con-
tinent. This is supported by the presence of cranial
modification practices in communities with Huecoid
and Saladoide ceramics in the Antilles (Crespo-Torres
2005; Curet and Stringer 2010; van Duijvenbode 2017).

The pre-Columbian crania presented in this study
come from the Lake Valencia Basin, a region projected
as a centre of local interaction and exchange networks,
connecting communities in Venezuela and Suriname,
the Caribbean archipelago, and the coastal and inland
territories of South America with the material culture
associated with the Valencioide ceramic tradition
(Brites 1995; Hofman et al. 2007; Zamakona de Are-
chavaleta and Lagrange de Castillo 2007). This blend
of cultures exposed the inhabitants of the Lake Coast
to new ideas resulting from migrations. The mobility
and exchange networks created led to the extension
of Valencioide beyond the Lake Valencia Basin to
the Caribbean coast and the islands of Los Roques
and La Orchila prior to the sixteenth century. How-
ever, future studies should provide a more compre-
hensive understanding of the preceding intersocial
interactions that paved the way for this expansion. It
is also pertinent to explore, if any, the potential impact
of modification practices within the local populations
and to elucidate the role of northern Venezuela as a
hub for population movements to and from the
Caribbean.
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6. Discussion and conclusions

In this study, 3D structured light scanning proved to
be an effective method to create reality-based models
that accurately reproduce the original geometry and
textures of the crania. The importance of digitising
this pre-Columbian collection excavated by Alfredo
Jahn in the early twentieth century in Venezuela
goes beyond creating a virtual replica. It constitutes
a further step in the search for answers to the pre-
viously raised questions.

In recent years, three-dimensional methods to
document archaeological and anthropological objects
have been widely validated (Martinez-Ferndndez
2020; Rangel-de Lazaro et al. 2021; Robson et al.
2012). These approaches have become a necessary
resource for many institutions interested in safeguard-
ing cultural heritage and facilitating future reconstruc-
tions based on reliable data sets.

The growing use of techniques like photogram-
metry (Pierdicca 2018), computed tomography (Char-
lier et al. 2020), and 3D scanning (Kuzminsky and
Gardiner 2012) to digitise museum collections has
proven beneficial in improving preservation, access,
management, exchange of geometric information,
research, and knowledge transfer to the general public.
Furthermore, using 3D models has become instru-
mental in many museums in reestablishing connec-
tions between exhibitions and visitors by allowing
them to explore collections without interacting with
the physical objects (Cassidy et al. 2018; Gimeno
et al. 2017; Shehade and Stylianou-Lambert 2023;
Younan and Treadaway 2015).

The digitisation of natural and cultural heritage
offers a potential solution to bring to light collections
that remain unpublished and largely unexplored (Kuz-
minsky and Gardiner 2012; Popov et al. 2021; Rangel-
de Lazaro et al. 2021; Voglino 2023). Digital reposi-
tories host a decolonial domain for museums and
facilitate remote access to collections. More locally,
in the Caribbean context, it can raise awareness of
ancestral communities, share knowledge, and connect
local stakeholders, academics, and general audiences
(Frangozo and Strecker 2017). Although digitising
museum collections automatically does not solve the
lack of information about origin and acquisition
methods, it does promote virtual documentation,
open access to information-based catalogues, and
community-engaged collaboration on those collec-
tions to which provenance information is known (Sil-
verman 2015). This is a promising first step towards
raising awareness and reconnecting Indigenous com-
munities with their heritage.

Nonetheless, the issues of ethical dissemination
and access to museum collections are not resolved
by granting online availability to artefacts. Beyond
this, many museums still face challenges related to
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the existence of colonial-era narratives associated
with the objects and how different audiences interact
with digital repositories (Frangozo and Strecker 2017;
Newell 2012).

Online catalogues are indispensable tools to disse-
minate information about objects housed in museums,
promote equitable access, and preserve them virtually
and physically. In this context, the development of
online databases emerges as a critical focal point for
accessing digital data from numerous museums. This
endeavour facilitates the exchange of best practices
and protocols among institutions with a colonialist
legacy and ensures the perpetuity and value of
collections.

Projects like the one presented here also contrib-
ute to the digital democratisation of science by pro-
moting the exchange of 3D data. However, it is
essential to consider the ethical implications of digi-
tising human remains. In these cases, the process
must be approached respectfully and ensure that
the data used agrees with the values of the commu-
nities and institutions involved (Robbins Schug
et al. 2021). Furthermore, it is critical to ensure
their responsible use of 3D models for research, edu-
cation, and museum exhibitions. It implies avoiding
sensationalism, commodification, and objectifica-
tion of human remains (Hassett 2018).

Research on the ethical digitisation and 3D display
of skeletal collections in Venezuela is limited (Pérez
Ramirez 2023). However, studies focused on ethno-
graphic collections of Indigenous communities
(Grimme and Nowak 2022) explore themes of cultural
preservation and representation using digitalisation to
promote permanent access to the collection and create
an opportunity for collaborative research. In the Latin
American context, key issues on this topic centre on
concerns about ownership (Ballestero 2021), commu-
nity-led digitisation efforts (Scholz and Guzman
Ocampo 2021), and the ethical implications surround-
ing the digitisation of ancestral remains (Ochoa Jimé-
nez 2024; Ordofiez Alvarez 2019).

In recent years, there has been increasing awareness
among specialists working with human remains
regarding the ethical implications of digitising
human remains. The central themes around this
focus on consent and respectful representation, con-
sidering who has access to 3D models of skeletal
material and for what purposes (e.g. academic,
research, and museum outreach), and avoiding the
potential misuse of digitised data by sharing the infor-
mation through professional platforms (e.g. Figshare,
Morphomuseum, Morphosource, among others).
These activities must adhere to ethical guidelines
and include proper referencing for the models used.
Researchers and institutions must be aware of the
potential exploitation of such images and strive for

the use of their data to foster understanding, respect,
and ethical engagement with history.

The 3D models created from the 21 pre-Columbian
crania of El Zamuro and Camburito will expand the
recognition of this anthropological collection and
facilitate open access for study and dissemination
among specialists and the general audience. It also
implies that a commitment to decolonisation drives
the accessibility, preservation, and contextualisation
of such a collection.

Notes

1. This period is categorised into two phases: Early Cer-
amic Age (400 BC-AD 600) and the Late Ceramic Age
(AD600-1492). These divisions correspond to signifi-
cant socio-political transformations experienced by
Ceramic Age groups during this time.

2. The German anatomist Hermann Klaatsch defined a
sequence of measurements that arranged cranial poly-
gons into quadrilateral configurations.

Acknowledgements

Thanks to the Museum fiir Vor- und Frithgeschichte in Ber-
lin and particularly to Barbara Tefimann for facilitating
access to the collections.

Author contributions

CRediT: Gizéh Rangel-de Lazaro: Conceptualization, Data
curation, Formal analysis, Investigation, Methodology, Pro-
ject administration, Resources, Software, Visualization,
Writing - original draft, Writing - review & editing; Mar-
celo R. Sanchez-Villagra: Conceptualization, Funding
acquisition, Investigation, Methodology, Project adminis-
tration, Resources, Writing - original draft, Writing -
review & editing.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This project has been funded by the “Einrichtungskredit” at
the Department of Paleontology of Zurich (Switzerland) and
the Lateinamerika Zentrum Ziirich (LZZ) New Research
Grant 2023.

Notes on contributors

Gizéh Rangel-de Ldzaro is a Senior Lecturer in Museum
Studies at SOAS University of London. In 2018, she
obtained her PhD in Quaternary Archaeology and Human
Evolution from Universitat Rovira i Virgili in Spain, the
National Museum of Natural History, and Sorbonne Uni-
versity in France. Her research uses museum collections
and integrates techniques and methods from bioarchaeol-
ogy, bioanthropology, geometric morphometrics, and
palaeontology, making her work highly interdisciplinary.



Marcelo R. Sanchez-Villagra is a full professor and the Head
of the Department of Palacontology at the University of
Zurich. He has led palaeontological projects in Venezuela
for over 20 years. After studying Biology at Universidad
Simoén Bolivar, he earned a PhD in Anthropology at Duke
University and obtained a Habilitation in Ttbingen. Then,
he worked at the Natural History Museum in London. His
current research concerns the cultural history of the native
peoples of the Neotropics.

Data availability statement

A selection of the data that support the findings of this study is
openly available in figshare at 10.6084/m9.figshare.27629901.
Further data are available from the corresponding author.

ORCID

Gizéh Rangel-de Lézaro
0783

http://orcid.org/0000-0002-3257-

References

Antczak, A. T., M. M. Antczak, and C. G. Falci. 2019.
“Vibrant Pasts in Museum Drawers: Advances in the
Study of Late Precolonial (AD 800-1500) Materials
Collected from North-Central Venezuela.” Museum
History Journal 12:52-74.

Artec3D. 2022. Artec Studio 17.

Ballestero, D. 2021. “Challenges and Potential of the
Digitization ~of  Anthropological Collections in
Argentina.” Digitalisierung ethnologischer Sammlungen
A6: 133-150. (transcript Verlag, 2021). https://doi.org/
10.1515/9783839457900-008.

Boman, F., A. Froment, and P. Charlier. 2016. “Variations
de Pépaisseur de la vofite cranienne d’un crane déformé
préhispanique d’Ancén (Pérou).” Bulletins et Memoires
de la Societe d’Anthropologie de Paris 28:221-225.

Boomert, A. 2013. Gateway to the Mainland: Trinidad and
Tobago. The Oxford Handbook of Caribbean
Archaeology. Oxford: Oxford University Press. https://
doi.org/10.1093/0xfordhb/9780195392302.013.0054

Brites, N. 1995. “Algunos datos sobre los caracteres raciales,
patologias y deformaciones craneales artificiales en las osa-
mentas humanas prehispanicas de la cuenca del Lago
Valencia-Venezuela.” Boletin Antropoldgico 35:31-50.

Cassidy, C. A., et al. 2018. “Digital Pathways in Community
Museums.” Museum International 70 (1-2): 126-139.
https://doi.org/10.1111/muse.12198

Charlier, P., et al. 2020. “First In-situ use of a mobile CT-
Scan for Museum Artefacts: The quai Branly - Jacques
Chirac Museum Experience.” Forensic Imaging 20:
200365. https://doi.org/10.1016/j.fri.2020.200365.

Coleman Sellers, C. Peale’s Museum and ‘“The New Museum
Idea’. Proceedings of the American Philosophical Society.
124, 25-34 (1980).

Crespo-Torres, E. 2005. “La Cultura Huecoide y Su
Conexiéon la Introduccién de la Practica de la
Deformaciéon Cefalica Intencional en las Antillas.” In
Cultura La Hueca, edited by L. C. Baik and Y. Narganes
Storde, 57-65. San Juan: Museo de Historia,
Antropologia y Arte, Universidad de Puerto Rico.

Curet, L. A. 2011. “Colonialism and the History of
Archaeology in the Spanish Caribbean.” In Comparative

STAR: SCIENCE & TECHNOLOGY OF ARCHAEOLOGICAL RESEARCH e 7

Archaeologies, edited by L. Lozny, 641-672. New York:
Springer. https://doi.org/10.1007/978-1-4419-8225-4_19.
Curet, L. A, and L. M. Stringer, eds. 2010. Tibes: People,
Power, and Ritual at the Center of the Cosmos
(Caribbean Archaeology and Ethnohistory). Tuscaloosa:

University of Alabama Press.

de la Vega, M. 1826. Historia del descubrimiento de la
America Septentrional por Cristobal Colon. México:
Oficina de la Testamentaria de Ontiveros.

Dembo, A., and J. Imbelloni. 1938. Deformaciones intencio-
nales del cuerpo humano de caracter étnico. Bueno Aires:
Editori Nova.

Dingwall, E. 1931. Artificial Cranial Deformation: A
Contribution to the Study of Ethnic Mutilations.
London: J. Bale & Danielsson.

Diaz Casanova, R. 2007. Alfredo Jahn. 1867-1940. Caracas:
Fundacién Polar.

Frangozo, M., and A. Strecker. 2017. “Caribbean Collections
in European Museums and the Question of Returns.”
International Journal of Cultural Property 24 (4): 451-
477. https://doi.org/10.1017/S0940739117000248

Gimeno, J., C. Portalés, I. Coma, M. Ferndndez, and B.
Martinez. 2017. “Combining Traditional and Indirect
Augmented Reality for Indoor Crowded Environments.
A Case Study on the Casa Batlld Museum.” Computers
& Graphics 69:92-103. https://doi.org/10.1016/j.cag.
2017.09.001

Grimme, G., and K. Nowak. 2022. “The Emergence of New
Contact Zones? Ethnographic Museums, the COVID-19
Pandemic, and the Digital Age Gesa Grimme and
Katharina Nowak in Conversation with Andrea Scholz.
Zeitschrift fur Ethnologie.” Zeitschrift fur Ethnol. /
J. Soc. Cult. Anthropol 147:33-52.

Hassett, B. R. 2018. “Which Bone to Pick: Creation,
Curation, and Dissemination of Online 3D Digital
Bioarchaeological Data.” Archaeologies 14 (2): 231-2409.
https://doi.org/10.1007/s11759-018-9344-2

Hofman, C. L. 2013. “The Post-Saladoid in the Lesser
Antilles (A.D. 600/800-1492).” In The Oxford Handbook
of Caribbean Archaeology, edited by W. F. Keegan, C. L.
Hofman, and R. Rodriguez Ramos, 205-220. Oxford:
Oxford University Press.

Hofman, C. L., A. J. Bright, A. Boomert, and S.
Knippenberg. 2007. “Island Rhythms: The Web of
Social Relationships and Interaction Networks in the
Lesser Antillean Archipelago Between 400 bc and ad
1492 Latin American Antiquity 18 (3): 243-268.
https://doi.org/10.2307/25478180

Hofman, C. L., and M. L. P. Hoogland. 2011. “Unravelling
the Multi-Scale Networks of Mobility and Exchange in
the Pre-Colonial Circum-Caribbean.” In Communities
in Contact. From Prehistory to Ethnography in the
Circum-Caribbean, edited by C. L. Hofman and A. Van
Duijvenbode, 15-43. Leiden: Sidestone Press.

Hrdlicka, A. 1919. “Anthropometry.” American Journal of
Physical Anthropology 2 (1): 43-46. https://doi.org/10.
1002/ajpa.1330020112

Imbelloni, J. 1924-1925. “Deformaciones intencionales del
craneo en Sud América.” Estudios de morfologia exacta.
Parte III. Rev. del Mus. La Plata 28:330-407.

Jahn, A. 1903. Bericht iiber meine Ausgrabungen im
nordlichen Venezuela. (Unpublished Report).

Jahn, A. 1932. “Los crdneos deformados de los aborigenes de
los valles de Aragua. Observaciones antropolégicas.”
Boletin de Sociedad Venezolana de Ciencias Naturales:
8: 295-308.


http://orcid.org/0000-0002-3257-0783
http://orcid.org/0000-0002-3257-0783
https://doi.org/10.1515/9783839457900-008
https://doi.org/10.1515/9783839457900-008
https://doi.org/10.1093/oxfordhb/9780195392302.013.0054
https://doi.org/10.1093/oxfordhb/9780195392302.013.0054
https://doi.org/10.1111/muse.12198
https://doi.org/10.1016/j.fri.2020.200365
https://doi.org/10.1007/978-1-4419-8225-4_19
https://doi.org/10.1017/S0940739117000248
https://doi.org/10.1016/j.cag.2017.09.001
https://doi.org/10.1016/j.cag.2017.09.001
https://doi.org/10.1007/s11759-018-9344-z
https://doi.org/10.2307/25478180
https://doi.org/10.1002/ajpa.1330020112
https://doi.org/10.1002/ajpa.1330020112

8 e G. RANGEL-DE LAZARO AND M. R. SANCHEZ-VILLAGRA

Keegan, W. F. and C. L. Hofman. 2017. The Caribbean
before Columbus. Oxford University Press. https://doi.
org/10.1093/acprof:0s0/9780190605247.001.0001.

Klaatsch, H. 1908. “Das Gesichtsskelett der Neander-talrasse
und der Australier.” Verh Anat Ges 32:223-273.

Kuzminsky, S. C., and M. S. Gardiner. 2012. “Three-
Dimensjonal Laser Scanning: Potential Uses for
Museum Conservation and Scientific Research.” Journal
of Archaeological Science 39 (8): 2744-2751. https://doi.
0rg/10.1016/j.jas.2012.04.020

Kuzminsky, S. C., T. A. Tung, M. Hubbe, and A. Villasefior-
Marchal. 2016. “The Application of 3D Geometric
Morphometrics and Laser Surface Scanning to Investigate
the Standardization of Cranial Vault Modification in the
Andes.” Journal of Archaeological Science: Reports 10:507—
513. https://doi.org/10.1016/j.jasrep.2016.11.007

Lekovic, G. P., B. Baker, J. M. Lekovic, and M. C. Preul.
2007. “New World Cranial Deformation Practices:
Historical ~ Implications for Pathophysiology of
Cognitive Impairment in Deformational Plagiocephaly.”
Neurosurgery 60 (6): 1137-1147. https://doi.org/10.
1227/01.NEU.0000255462.99516.B0

Martinez-Fernandez, A., et al. 2020. “3D Monitoring of
Paleolithic Archaeological Excavations Using Terrestrial
Laser Scanner Systems (Sierra de Atapuerca, Railway
Trench sites, Burgos, N Spain).” Digital Applications in
Archaeology and Cultural Heritage 19:e00156.

Mendonga de Souza, S. M. F,, K. J. Reinhard, and A. Lessa.
2008. “Cranial Deformation as the Cause of Death for a
Child from the Chillon River Valley, Peru.” Chungara
40:41-53.

Moss, M. L. 1958. “The Pathogenesis of Artificial Cranial
Deformation.” American Journal of Physical Anthropology
16 (3): 269-286. https://doi.org/10.1002/ajpa.1330160302

Newell, J. 2012. “Old Objects, New Media: Historical
Collections, Digitization and Affect.” Journal of
Material Culture 17 (3): 287-306. https://doi.org/10.
1177/1359183512453534

Ochoa Jiménez, M. J. 2024. “European Countries’ Policies
on Restitution of Colonial Cultural Property: Some
Comments from a Latin American Perspective.”
International Journal of Cultural Policy 30 (6): 701-713.
https://doi.org/10.1080/10286632.2023.2255199

Ordofnez Alvarez, M. P. 2019. Unbundled: European
Collecting of Andean Mummies 1850-1930. Leiden:
Leiden University.

Pérez Ramirez, M. L. 2023. Survey on Human Remains from
Colonial Contexts Held in Museum and University
Collections in Germany. Berlin: Kulturstiftung der Lander.

Pierdicca, R. 2018. “Mapping Chimu’s Settlements for
Conservation Purposes Using UAV and Close Range
Photogrammetry. The Virtual Reconstruction of Palacio
Tschudi, Chan Chan, Peru.” Digital Applications in
Archaeology and Cultural Heritage 8:27-34.

Popov, D., P. Roychoudhury, H. Hardy, L. Livermore, and
K. Norris. 2021. “The Value of Digitising Natural
History Collections.” Research Ideas and Outcomes 7:
€78844. https://doi.org/10.3897/ri0.7.678844

Piischel, T. A., M. Friess, and G. Manriquez. 2020.
“Morphological Consequences of Artificial Cranial
Deformation: Modularity and Integration.” PLoS One
15 (1): e0227362. https://doi.org/10.1371/journal.pone.
0227362

Rangel-de Lazaro, G., A. Martinez-Fernandez, A. Rangel-
Rivero, and A. Benito-Calvo. 2021. “Shedding Light on
Pre-Columbian Crania Collections through State-of-
the-Art 3D Scanning Techniques.” Virtual Archaeology

Review 12 (24): 1-10. https://doi.org/10.4995/var.2021.
13742

Renfrew, C., and P. G. Bahn. 1996. Archaeology: Theories,
Methods, and Practice. London: Thames and Hudson.

Robbins Schug, G., K. Killgrove, A. Atkin, and K. Baron.
2021. “3D Dead.” Bioarchaeology International 4: 217-
230. https://doi.org/10.5744/b1.2020.3008

Robson, S., S. MacDonald, G. Were, and M. Hess. 2012. “3D
Recording and Museums.” In Digital Humanities in
Practice, edited by C. Warwick, M. Terras, and J.
Nyhan, 91-116. London: Facet. https://doi.org/10.
29085/9781856049054.006

Romano, A. 1965. Estudio morfoldgico de la deformacién
craneana en Tamuin, S.L.P., y en la Isla del Idolo,
Veracruz. Mé xico, D. F. Instituto Nacional
deAntropologia e Historia.

Scheuer, L., and S. Black. 2000. Developmental Juvenile
Osteology. London: Elsevier. https://doi.org/10.1016/
B978-0-12-624000-9.X5000-X

Scholz, A., and M.-D. Guzman Ocampo. 2021. “Desafios de
la colaboracion digital entre museos etnoldgicos y comu-
nidades indigenas: dos perspectivas, una conclusion.”
Journal de la société des américanistes 107 (1): 187-204.
https://doi.org/10.4000/jsa.19610

Schultz, E. 1990. “Notes on the History of Collecting and of
Museums.” Journal of the History of Collections 2 (2):
205-218. https://doi.org/10.1093/jhc/2.2.205

Shehade, M., and T. Stylianou-Lambert. 2023. Museums and
Technologies of Presence. London: Routledge. https://doi.
0rg/10.4324/9781003334316

Silverman, R. 2015. “Introduction: Museum as Process.” In
Museum as Process: Translating Local and Global
Knowledges, edited by R. Silverman, 1-18. Routledge.

Tiesler, V. 2014. The Bioarchaeology of Artificial Cranial
Modifications. Vol. 7. New York: Springer.

Todorov, T. 1991. Nosotros y los otros. Mexico City: Siglo
XXI.

Torres-Rouff, C. 2020. “Cranial Modification and the Shapes
of Heads across the Andes.” International Journal of
Paleopathology 29:94-101. https://doi.org/10.1016/].ijpp.
2019.06.007

Valera, E., and ]. Gonzélez Muiioz. 2017. “Créneos del sitio
arqueoldgico “La Mata”. Valoracion patrimonial de una
coleccion osteologica prehispanica.” Rev. Ciencias
Humanas e Sociais 3:79-94.

van Duijvenbode, A. 2017. Facing Society: A Study of
Identity through Head Shaping Practices among the
Indigenous Peoples of the Caribbean in the Ceramic Age
and Colonial Period. Leiden: Leiden University.

Voglino, D., J. D. Carrillo-Bricefio, H. Furrer, A. Balcarcel, G.
Rangel-de Lazaro, G. Aguirre Fernandez, and A. M.
Forasiepi. 2023. “Pampean Megamammals in Europe: The
Fossil Collections from Santiago Roth.” Swiss ] Palaeontol
142: 25. https://doi.org/10.1186/s13358-023-00283-5

Von den Steinen, K. 1904. “Ausgrabungen am Valenciasee.”
Globus 86:101-108.

White, L. A. 1949. The Science of Culture: A Study of Man
and Civilization. New York: Grove Press, Inc.

Younan, S., and C. Treadaway. 2015. “Digital 3D Models of
Heritage Artefacts: Towards a Digital Dream Space.”
Digital Applications in Archaeology and Cultural
Heritage 2:240-247.

Zamakona de Arechavaleta, G., and H. Lagrange de Castillo.
2007. “Craneologia indigena de Venezuela. craneos no
deformados y deformados. La Pica, Estado Aragua,
Venezuela.” Revista De La Sociedad Venezolana De
Historia De La Medicina 56:70-84.


https://doi.org/10.1093/acprof:oso/9780190605247.001.0001
https://doi.org/10.1093/acprof:oso/9780190605247.001.0001
https://doi.org/10.1016/j.jas.2012.04.020
https://doi.org/10.1016/j.jas.2012.04.020
https://doi.org/10.1016/j.jasrep.2016.11.007
https://doi.org/10.1227/01.NEU.0000255462.99516.B0
https://doi.org/10.1227/01.NEU.0000255462.99516.B0
https://doi.org/10.1002/ajpa.1330160302
https://doi.org/10.1177/1359183512453534
https://doi.org/10.1177/1359183512453534
https://doi.org/10.1080/10286632.2023.2255199
https://doi.org/10.3897/rio.7.e78844
https://doi.org/10.1371/journal.pone.0227362
https://doi.org/10.1371/journal.pone.0227362
https://doi.org/10.4995/var.2021.13742
https://doi.org/10.4995/var.2021.13742
https://doi.org/10.5744/bi.2020.3008
https://doi.org/10.29085/9781856049054.006
https://doi.org/10.29085/9781856049054.006
https://doi.org/10.1016/B978-0-12-624000-9.X5000-X
https://doi.org/10.1016/B978-0-12-624000-9.X5000-X
https://doi.org/10.4000/jsa.19610
https://doi.org/10.1093/jhc/2.2.205
https://doi.org/10.4324/9781003334316
https://doi.org/10.4324/9781003334316
https://doi.org/10.1016/j.ijpp.2019.06.007
https://doi.org/10.1016/j.ijpp.2019.06.007
https://doi.org/10.1186/s13358-023-00283-5

	Abstract
	1. Introduction
	2. From the Lake Valencia Basin to Berlin
	3. Digitisation of the collection. Data acquisition and post-processing
	4. From bones to digital model
	5. Exchange networks and cranial modification in pre-Columbian Venezuela and the Caribbean
	6. Discussion and conclusions
	Notes
	Acknowledgements
	Disclosure statement
	Notes on contributors
	Data availability statement
	ORCID
	References

