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Abstract

The aim of the study was a paleoradiological analysis of one of the few completely preserved pre-Columbian child mummies from the Barranca
Valley region. The goal also included an attempt to reconstruction of the antemortem appearance of the face.

The mummy comes from the pre-Columbian cemetery of Cerro la Horca, located in the Fortaleza River Valley. This cemetery has been subjected
to systematic looting over the years. The activities of grave robbers resulted not only in the destruction of grave contexts and material culture
relics, but also in the destruction of the bodies of the pre-Columbian inhabitants of the valley buried in the cemetery. The examined mummy, to
our knowledge, is the only completely preserved body from this archaeological site. The analysis used conventional computed tomography, as
well as standard anthropological methods and facial reconstruction techniques.

The age at the time of the death was estimated at 2 to 3 years. The light color of a child’s hair suggests the presence of protein deficits known
as kwashiorkor. The condition is most common after weaning and switching to carbohydrate-rich foods. The facial reconstruction performed
allowed the reconstruction of the child’s life-like appearance and is the first reconstruction made for mummified remains from the area.
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Introduction
was discovered by local people directly on the Cerro la Horca site,

although we do not know the exact location of its original buri-
al, as the site surface embraces some 50 ha. A seated/crouched

The studies of human remains skeletal remains or mummified
bodies recovered during archaeological excavations are one of the
primary sources of information on the biology and living condi-
tions of populations that inhabited a particular area at a particu-
lar time. This is important when no written sources are available,
which is the case when researching pre-Columbian cemeteries in
Peru. Moreover, some of them were systematically plundered and
the bodies of the deceased were removed from the graves creating
specific contexts. An individual presented in the following article

position, together with a possible artificial mummification, and
a cotton woven textile including the late Interlocking decoration
pattern make us believe the individual was buried during the Late
Intermediate Period, possibly between the 13 and 15th century
AD, as our previous works on a local chronology conducted in the
neighboring Huaura valley suggest [1]. The subadult was proba-
bly wrapped in layers of textiles and different plant materials, re-
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moved in the moment when its grave was being plundered. Unfor-
tunately, we do not know its archaeological context, nevertheless
there are some information on the site itself.

Cerro la Horca is an multi-temporal archaeological settlement

located in the Fortaleza valley, some 200 km north of modern Pe-
ruvian capital, Lima, in the Barranca region. The site is placed on
a cliff hanging over the Pacific seashore, on the left bank of the
Fortaleza river. The location of the pre-Columbian cemetery is
presented in Figure 1.

Figure 1: Location of the cemetery from which the studied mummy came.

In the present, it is covered with a dune, with thousands of
plundering trenches penetrating its surface, and one can find
countless human remains and archaeological artifacts scattered
everywhere, among the ruins of monumental architecture. Only
few archaeological prospections [2] and limited excavations [3]
were carried in the past, and a high resolution digital DEM (dig-
ital elevation model) - based plan has been executed recently by
Proyecto de Investigacion los Valles de Barranca. Fuentes [2] ex-
ecuted a detailed plan of the site, registering large - area walled
enclosures on both sides of the Fortaleza river mouth, with mon-
umental architecture and courtyards inside. Our DEM plan com-
pleted Fuentes’s one, indicating that observed architecture was
following the patterns known from the Peruvian North Coast,
where first Moche (ca. 200 - 900 AD) and then Lambayeque (ca.
900 - 1350 AD) and Chimu (ca. 900 - 1533) cultures developed.
On the whole site one can find plundered burials from different
epochs, and some 470 of them have been recently studied by Luis
Valle [3], who excavated an area located on the eastern edge of
the site, along the Panamericana highway. Valle found that burials
located in that place were deposited over a period of some 500
years, from the Middle Horizon (900 - 1100 AD) to the end of Late
Intermediate Period (1100 - 1470 AD). A pottery discovered in
burials was executed in different styles, including Chimu, Lam-
bayeque, Chancay, Pativilca and Casma. A burial pattern was typi-
cal for that period, with natural or artificial mummified bodies set
up in the flexed position, wrapped with textiles, vegetal materials
and artifacts, so that the funerary bundle or fardo was created.
The bundles were buried together with different grave goods, and
due to the extremely dry conditions of Peruvian coastal desert, all

those materials survived to our times. As the archaeological ex-
cavation concerned only small percent of the site, it is difficult to
reconstruct its biography. Our observations of profiles cut by the
Fortaleza river flow suggest a complex stratigraphy, with anthro-
pogenic sediments reaching as deep as 5 meters below modern
surface. The monumental architecture, of which remains still can
be seen on the surface, was constructed in the last centuries before
the Spanish invasion, with an Inca temple of the Sun built on the
top of the cliff. We can hypothesize that Cerro la Horca was a local
oracle and ceremonial centre, perhaps also a capital of some local
state. In the Andes, such places served also as the burial grounds
for the elites, both during the periods of prosperity and after the
abandonment. Valle [3] discovered a monumental architecture re-
lated directly to the burials, something similar we observed also
on the El Porvenir site, located some 15 km from Cerro la Hor-
ca. The cult of the dead was a central point of Andean religions,
and was registered also in valleys adjacent to the Barranca region
[1,4]. The fact that the described individual presented an excellent
state of preservation at the moment of the study suggests an elab-
orated treatment of the children bodies, similarly to the funerary
ritual in the Chancay culture, studied by us before [5].

The aim of the work was to reconstruct the child’s osteobiog-
raphy in a way that the integrity of his mummified body was not
compromised. In addition, our goal was to try to recreate the life-
like appearance of the dead child.

Material and Methods

The study material was a child’s mummy in the collection of
a museum established at the Colegio Parroquial, Nuestra Sefiora
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del Carmen in Paramonga. In addition to this mummy, the muse-
um also houses pottery and textiles from the Cerro La Horca site.
The mummy of the child is in a sitting position and dressed in a
textiles. The presence of textiles and the complete mummification
of the body prevented precise measurements of the skeleton and
complete observation of the dentition. During macroscopic ob-
servation of the body, the presence of mummified male genitalia
was observed after unwrapping the textiles that had been placed
over the body. Of particular note is the color of the mummy’s hair,
which is red, which is very unusual for Peruvian populations. Our
previous experience in studying human skeletal remains and
mummified bodies from this part of the world shows that such
hair color cannot be explained by exposure to UV radiation. As the
management of Colegio Parroquial did not agree to any invasive
examination of the mummy, it was decided to use a tomographic
analysis and, based on this, to perform an osteobiography recon-
struction. CT scanning was performed at Clinica Maria Auxiliadora
in Barranca (Somatom Scope Siemens). Scanning was performed
to an accuracy of 0.2 mm. Volumetric reconstructions were then

performed and Radiant DICOM Viewer 2024.1 (64-bit). Measure-
ments of the humerus and femur were taken and the dentition
was visualized. Based on these, an assessment of age at death was
made. The methodology presented by AlQuahtani et al. [6] and
Schaefer et al. [7] was used to assess it. A three-dimensional mod-
el of the facial reconstruction was used to make a life-size recon-
struction of the face of the skull, obtained using Slicer 5.6.2.The
exported STL file, was then imported into Blender 3.6, in which
soft tissues were modeled using the Manchester method [8]. The
first part of the approximation of the face was to apply soft tissue
thickness markers to the anthropometric points of the of the skull.
This was followed by modeling facial muscles applied from the
“OrtogOn Blender,” according to the anatomy described in Wilkin-
son [8]. The projection of the nose made follows the methodology
used by C. Moraes to reconstruct the Egyptian-Romanian mum-
mies [9]. The final image of the reconstruction (including hair col-
or) is based on also based on the observations made during the
visual inspection of the mummy (Figure 2).

e N
Figure 2: The mummified body of a child currently in the Colegio Parroquial in Paramonga (Peru). A - lateral view; B - face view (fot.
Duda J.)
~ J
Results Figure 3 presents the volumetric reconstruction of the child

First, a volumetric reconstruction of the body was prepared
based on the CT scans. This allowed an accurate assessment of the
position in which the body was placed. Measurements were taken
of the lengths of the humeral and femoral shafts. The dentition
was extracted and on this basis the degree of formation and erup-
tion of deciduous and permanent teeth was determined.

mummy studied. This reconstruction takes into account the den-
sity of the skin and fabrics that were put on the body. On the re-
constructions made, the sitting position of the deceased is visible,
and there is a clear intentional deformation of the skull. This type
of deformation is referred to as a tabular erecta deformity, and it
involves limiting the growth of the skull in the anterior-posterior
direction.
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Figure 3: Volumetric reconstruction of the studied mummy. A - taking into account the density of the fabric in which the child was dressed;
B - with the density of bone tissue and ligaments.

A J

This was followed by extracting the dentition and measuring studied body is in the range of 2 to 3 years. The length measure-
the lengths of the humerus and femurs. Figure 4 presents the state  ment of the right humerus is 128.2 mm, and the right femur 201.5
of formation and eruption of the dentition. Compared to the devel- mm. Age at death estimated a based on the length of these bones
opmental charts of Al Quahtani etal. [6], the age of the death of the  is between 2-2.5 years and 3 to 3.5 years, respectively.

4 A

Figure 4: State of formation and eruption of the dentition. A- lateral view; B — front view.

Figure 5 shows the results of a facial reconstruction of a child Discussion
from Cerro la Horca. It was prepared for a male child (external
genitalia preserved) aged about 3 to 4 years. The left part of the
figure includes reconstructions of objective elements, the right
part is an artistic presentation of the life-like appearance, which
includes hair decolorization.

Reconstruction of osteobiography based on radiological
analysis is an increasingly common means of non-invasive and
non-destructive examination of mummified human remains [10-
15]. The use of computed tomography allows the body’s integrity
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to be preserved and, on the other hand, allows for the determina-
tion of the biological profile and health status. On the other hand,
the accuracy of CT scanning may cause artifacts and inaccuracies
in the analysis, as Cox [16] points out. Pazner et al. [17] also refer
to the problems associated with the analysis of radiological imag-
es of mummified bodies and indicate that, apart from the method
itself, the results may also be influenced by postmortem changes.

The authors recommend caution in interpreting the results, but
considering the non-invasive nature of computed tomography, its
advantages seem to outweigh it. In the case of the mummy we ex-
amined, CT was the only available method to assess basic biologi-
cal parameters. In addition, it also allowed us to reconstruction of
the appearance of life.

Ve

N
Figure 5: A— lateral view of the face approximated with objective elements; B — lateral view of the face approximated with speculative
elements; C - frontal view of the face approximated with objective elements; D - frontal view of the face approximated with speculative
elements.

J

In the case we studied, both a method based on determining
dental age and a morphometric method were used to assess age
at death. Tooth eruption is the axial movement mechanism of the
tooth germ from the alveolar bone to a functional occlusion posi-
tion in the oral cavity [18]. Many factors such as nutritional status,
low birth weight and prematurity, as well as ethnicity, can affect
the eruption of deciduous and permanent teeth [19-22]. Also,
growth during childhood, and therefore bone growth in length,
depends on the influence of many factors, including nutritional
status and socioeconomic factors [23, 24]. In general, in our case,
for both methods, the result obtained is similar. A slightly lower
age range was obtained for the method based on the analysis of
dentition, but given that we do not know the rate of eruption of
dentition for pre-Columbian populations, just as we do not know
the rate of growth of long bones, the results obtained can be con-
sidered compatible. At this point, it is also important to consider
the potential impact of malnutrition, which in the case of the stud-
ied mummy presents itself primarily in the form of significantly

discolored and fine hair. Thus, we cannot exclude the possibility
that in the case studied, malnutrition may have caused a delay in
the eruption of the dentition and the growth of the skeleton, so
de facto we may be dealing with a child older than the dental and
morphometric ages indicate. All the more so since the Peruvian
population is one of the low-growth ones, and the comparison ta-
bles presented by Schaefer et al. [7] were prepared for a different
population. No less for the Peruvian population, there is no analo-
gous comparative data.

The color of the hair of the studied child mummies can be ex-
plained by advanced nutritional deficits, especially dietary protein
deficits or a diet based mainly on corn. Malnutrition, which caus-
es, among other things, discoloration (lightening) and thinning of
the hair, is referred to in the literature as kwashiorkor [25]. The
phrase Kwashiorkor, means “the sickness of the weaning,” origi-
nates from the Kwa language of Ghana. Kwashiorkor is believed
to be brought on by a low protein intake but an average calorie
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intake. Children that consume a lot of maize are known as “sugar
babies” because their diets are frequently low in protein but high
in carbs [26]. Kwashiorkor, besides decolorization and thinning
hair, manifests with edema due to hypoalbuminemia, resulting in
the appearance of “full faces”. The “pot-belly” appearance is sec-
ondary to fatty infiltration of the liver. The subcutaneous fat is
preserved, but muscle atrophy is evident [26]. In our case, it was
impossible to observe these features due to the mummification
of the body, but when analyzing the mummy macroscopically, a
flopping of the skin in the lower face region is noticeable (Figure
2A). Immunological studies have shown that kwashiorkor can
cause immune system disorders resulting in increased suscep-
tibility to infectious diseases [27]. Research on children’s intel-
lectual development shows that dietary protein deficiencies can
cause developmental disorders [28]. Given the numerous finds
of maize remains in Pre-Columbian burials and the results of iso-
topic analyses [1,29, 30] it should be recognized that maize was
the staple food of these communities. Therefore, if, after stopping
breastfeeding, children were switched to foods that mainly con-
sisted of corn, there was a risk of protein deficiencies. In the case
of the examined mummy, scanning performed with an accuracy
of 0.2 mm did not allow for the observation of the porosity of the
orbital roof. Therefore, we are not sure whether cribra orbitalia
was present, which is treated in bioarchaeology as one of the signs
of anemia and malnutrition [31].

The reconstruction of children’s faces is done in the same way
as the reconstruction of adults’ faces by the Manchester method.
However, incomplete databases related to soft tissue thickness,
nose patterning and eye position pose difficulties. According to
Wilkinson [8], the relationship between soft tissue and skull con-
struction in children has not yet been particularly studied, espe-
cially with regard to gender. In our case, the reconstruction of the
child was facilitated by the known sex (genitalia). Also, the state
of preservation of the boy’s hair allowed for the actual patterning
of the hairstyle, which is usually an artistic part. Thanks to the use
of the computer program Blender and the final visualization in the
program unreal, the child’s face could acquire realistic animations
and expression, which is very important for popularization pur-
poses.

The examined child mummy, to our knowledge, is the only
completely preserved mummy from the Cerro La Horca site. This
state of affairs is most likely due to the fact that the cemetery was
systematically looted. The activities of robbers, who destroyed
graves in search of metal and textile relics, resulted in the destruc-
tion of entire grave contexts, including bodies. From the point of
view of physical anthropology and funerary archaeology, the body
is a carrier of osteobiography [32,33]. Based on our experience
from other nearby Cerro La Horca pre-Columbian cemeteries (El
Porvenir and Caleta Vidal), we can conclude that the frequency of
stress markers identified as a marker of nutritional deficiencies
(cribra orbitalia and cribra cranii) on child skulls in these popu-
lations is high. Since our research project in the Barranca Valleys
region is only in its second year, the results of these observations

will be published after the archaeological prospecting, which is
based on the study of looted graves from cemeteries located in
the Supe, Pativilca and Paramonga river valleys. At this point, we
would also like to point out that the high frequencies of porosity
observed by our team on children’s skulls are not necessarily in-
dicative of starvation, but may be evidence of protein deficits, es-
pecially since we most often record them on the skulls of children
under the age of seven.

Conclusion

The studied mummy is one of the few that were not destroyed
during grave robbing at archaeological sites located in the Barran-
ca valleys. The mummy of a child from the Cerro La Horca site is
that of a male child who died around the age of three. The assess-
ment of dental and morphometric age may be underestimated be-
cause the deceased was observed to have one of the symptoms of
dietary protein deficiency referred to as kwashiorkor. The tomo-
graphic analysis performed did not allow observation of porosity
on the cranial bones. The facial reconstruction performed allowed
the reconstruction of the child’s life-like appearance and is the
first reconstruction made for mummified remains from the area.
Thus, from the point of view of our project, it also has populariza-
tion significance, especially among local residents.
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