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A Transdisciplinary Approach to Determining the Provenience of a Distorted, Pre-
Columbian Skull Recovered in Rural Idaho

Abstract

Transdisciplinary research involves cooperation, exchange of information, sharing of resources and
integration of disciplines to achieve a common scientific goal. In this study, collaborators utilized tools
and knowledge of materials science, anthropology, archaeology, geosciences and biology in an attempt to
determine the provenience of skeletal remains of unknown origin. The exchange of ideas and skills along
with the crossing of disciplines in this study sucessfully allowed the incorporation of expertise from many
team members. This transdisciplinary approach to research provided a more comprehensive and detailed
analysis than any one field alone could provide. An archaeological assessment of a human skull
recovered in rural Idaho recognized cranial deformation and post-mortem application of a red pigment. A
combination of scanning electron microscopy (SEM), x-ray fluorescence (XRF) and energy-dispersive x-ray
spectroscopy (EDS) identified the major and trace elements present in the red post-mortem pigment as
cinnabar and rare earth metals. Analysis via carbon and oxygen stable isotopes from teeth and bone to
provided insight into the diet and habitat for distinct segments of the individual’s life, indicating a regional
separation in early life versus late adulthood. Radiocarbon dating determined the approximate age of the
skull to be between 600-700 years old and a forensic mtDNA assessmentcategorized a mitochondrial
haplogroup for the remains as originating from the East African or Arabian Peninsula.
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Provenance, a history of ownership, helps provide
contextual evidence of an item’s origin, or
provenience. A transdisciplinary collaboration
utilized a variety of techniques including
archaeological and anthropological assessments,
scanning electron microscopy (SEM), energy
dispersive xX-ray spectrometry (EDS), x-ray
fluorescence (XRF), laser ablation inductively
coupled plasma quadrapole mass spectrometry
(LA-ICP-QMS), stable isotope analysis, radiocarbon
dating and DNA analysis to yield information about
the skull’s background. Researchers hope to obtain
enough information in order to repatriate the
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Radiocarbon Dating

X-Ray Fluorescence (XRF)

e » Uses emission of secondary x-rays from samples excited with high

ma rays to identify elemental composition

» Samples analyzed using a Horiba XGT-7200 XRF Spectrometer

Forensic mtDNA Analysis
ISU’s Ancient DNA Extraction Lab and
Molecular Research Core Facility specialize
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radioactivity and thus, date the sample

= Skull possibly of Chinook or Fremont culture

* Cranial deformation and post-mortem
application of HgS with adhered animal hair

* Trace elements in the HgS may potentially -
iIdentify a geological source for the cinnabar

= Radiocarbon dated age — 550-620 years old

= Stable isotope analysis suggests habitation In
different locations as a child and as an adult;
locale characterized as cooler than would have

Source: educationgroup.mit.edu

Forensic mitochondrial DNA identified

haplogroup ROala which originated on the

Arabian Peninsula; this is not consistent with

the rest of the data in the study

Future work will include

= Additional trace element analysis from the
bone to provide constraints to the duration
of burial independent of C-14 dating

» A secondary ancient DNA analysis to
confirm or disprove the initial findings

Y The skull is thought to be that of a Native American due to
= Artificial cranial deformation (flattening at back of skull)

Analysis of pigment and fibers was completed using
» Anthropological assessment

= SEM/EDS

* LA-ICP-MS and XRF

Age, habitat information, and lineage obtained by

» Radiocarbon dating and stable isotope analysis

* Forensic mitochondrial DNA for comparison to known
Native American populations

Hair and fiber samples sent for
anthropological analysis to the
University of Delaware
Department of Art Conservation
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Artificial cranial deformation evident at back of
skull where flattening is seen
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Forensic Mitochondrial DNA

= Haplogroup ROala identified, although
It IS not associated with known Native
American populations

» Area where Haplogroup ROala
originated is from the Arabian
Peninsula or western Eurasia
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Haplogroup sequence identifying the skull’s lineage
from a maternal contribution as being from the
Arabian Peninsula or western Eurasia
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