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Abstract

Quantitative variables can be used to describe human-modified skulls, similar to many archaeological
findings. Eleven modified and normal skulls from the 5th Millennium BCE were found during excavations
at Chega Sofla, and 60 normal skulls from contemporary Khuzestan residents were analyzed using
hierarchical cluster analysis. Six indices were used to describe each skull based on ten quantitative variables.
The indices were selected to be sensitive to flattening of the frontal, occipital, and parietal bones, as well as
changes in the maximum length, breadth, and height of the cranium. The accuracy and efficiency of this
method in classifying and distinguishing modified skulls from normal skulls were evaluated. An increase in
the sample size, including ancient and modern normal skulls from Khuzestan, was considered. The success
of the explanatory variables in describing response variables was also assessed. The modified skulls from
Chega Sofla were separated from ancient and modern normal skulls using this method, and based on the
selected variables, they formed a distinctive category. A slight deformation was observed in the BG1.02
specimen, where only the squamous part of the occipital bone was flattened. The different morphologies of
the modified BG6.01 skull compared to those of the other modified skulls were also discernible. These
findings suggest that the explanatory variables effectively describe the skulls. With an increase in the sample
size from 29 skulls to 71 skulls, the results were replicated, confirming the appropriate selection of
explanatory variables and highlighting the robustness of the present method against variations in sample size.
Moreover, the proposed classification is independent of researcher-dependent biases. Finally, it should be
noted that this dimension's data matrix can be analyzed in an R project environment within a few seconds.
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Introduction

Modified human skulls are among the rare archaeological findings. There have been reports of these skulls
from sites on the Iranian Plateau (Hole et al., 1969; Soltysiak & Darabi, 2017; Lambert, 1979; Meiklejohn et
al,, 1992; Pullar, 1990; Hole, 1977; Ortner, 1996). Archaeological surveys and excavations at Tol-e Chega
Sofla, a site dating to the 5th Millennium BCE in southwestern Iran (Figure 1), led to the discovery of a
cemetery with dimensions of approximately 800 X 200 m?2. Ten graves were excavated in three excavation
units, covering 163 m? Investigations have revealed that 13 skulls were intentionally modified, 12 of which
were from grave BG1 and one from grave BGO6. In addition, one skull from grave BG1 exhibited
unintentional modification, with only part of the occipital bone being flattened (Alirezazadeh, 2022;
Alirezazadeh et al., 2024b; Moghaddam & Miri, 2021; Vahdati-Nasab & Kazazi, 2018; Alirezazadeh et al.,
2024a). In recent decades, researchers have employed quantitative methods to study this type of skull
(Alirezazadeh et al., 2024a; Clatk et al., 2007; Manriquez et al., 2005; O'Brien and Stanley, 2013; Perez, 2007;
Pomeroy et al., 2010). Quantitative methods were used to examine modified skulls in this study. In addition
to the modified and normal skulls from Chega Sofla, 60 medical images of the Khuzestan residents wete
analyzed in this study.

Materials and Methods

This study is based on a statistical population of skulls from the Chega Sofla cemetery that dates back to the
5th millennium BCE and modern skulls from Khuzestan (Figure 2). All 71 specimens studied were initially
described using ten quantitative variables, including 1) chord length of the frontal bone (from Glabella to
Bregma), 2) arc length of the frontal bone (from Glabella to Bregma), 3) chord length of the parietal bone
(from Bregma to Lambda), 4) arc length of the parietal bone (from Bregma to Lambda), 5) chord length of
the occipital bone (from Lambda to Opisthion), 6) arc length of the occipital bone (from Lambda to
Opisthion), 7) chord length of the frontal bone (from Nasion to Bregma), 8) maximum cranial length (from
Glabella to Opisthocranion), 9) maximum cranial breadth (from Euryon to Euryon), and 10) maximum
cranial height (from Basion to Bregma) (Figure 3). Based on the above variables, six indices were defined: 1)
frontal index, 2) parietal index, 3) occipital index, 4) annular type index, 5) tabular type index, and 6) normal

type index (Table 1).

Results and Discussion

The data analysis was conducted using two matrices. The first matrix included five intentionally modified
Chega Sofla skulls (BG1.05, BG1.11, BG1.12, BG1.20, and BG6.01), five normal Chega Sofla skulls (BG1.03,
BG1.04, BG1.10, BG1.19, and BG1.43), one unintentionally modified Chega Sofla skull (BG1.02), and
eighteen normal skulls from the Khuzestan residents. In the first phase, 29 skulls were analyzed (the results
are displayed in Figure 4). In the second matrix, the number of normal skulls in the Khuzestan residents
increased to 60 (Figure 5). Figure 4 illustrates a dendrogram in which the modified Chega Sofla skulls ate
separated from the other normal specimens (ancient and Khuzestan) and placed on the right (indicated in
red in Figure 4).

Subsequently, the number of normal Khuzestan specimens was increased from 18 to 60. The dendrogram
in Fig. 5 illustrates the results of this analysis. The Chega Sofla skull BG1.04 clusters with Skull 019 at a height
of 0.878. Chega Sofla specimens BG1.19 and BG1.43 clustered with the normal Khuzestan specimen (Skull
015). Other normal Chega Sofla skulls exhibited the same pattern. In other words, although the number of
normal specimens has nearly tripled, the normal Chega Sofla skulls continue to cluster with normal
Khuzestan skulls. As the last skull in the cluster of normal skulls, skull BG1.02 joins once again. This
observation further supported the previous dendrogram (Figure 4).

Conclusion

A hierarchical clustering method based on the selected parameters effectively separated the modified
specimens (BG1.05, BG1.11, BG1.12, BG1.20, and BG6.01) from the normal ancient and modern specimens
(Figures 4 and 5: red). Additionally, skull BG6.01, whose modification differs from the other specimens
(Figure 2, first row), was identified and added to the modified skull group. BG1.02, which was added as the
last cluster to the group of normal skulls (Figures 4 and 5: green), also demonstrated the sensitivity of this
method to small variations. The ancient normal skulls were scattered among the modern Khuzestan skulls
and formed clusters with modern specimens at lower heights (Figure 4: BG1.19, Skull 015, and Figure 5:
BG1.04, Skull 019), emphasizing the similarity of the considered indices between normal skulls, despite the
thousands of years between them. The clustering heights of the modified skulls were large in both the
dendrograms (Figures 4 and 5). This observation suggests that using a similar method to modify skulls does
not necessarily result in similar morphology. Although the biological patterns of cranial bone growth in
Homo sapiens are similar, their cultural patterns are different.
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Figure 4. Dendrogram of hierarchical cluster analysis for 11 ancient Chega Sofla skulls and 18 modern skulls
of Khuzestan residents based on the indices introduced in Table 1 (red: intentionally modified Chega Sofla
skulls, blue: normal Chega Sofla skulls, green: unintentionally modified Chega Sofla skulls).
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