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Summary:  X-ray CT guided x-ray diffraction analysis of the contents of a mummy from Roman-era 

Egypt. 

 

 
1. INTRODUCTION 

 

Computed Tomography (CT) is most often performed with differences in x-ray absorption providing the 

contrast in the reconstructions.  The absorptivity of each reconstructed volume element (voxel) is 

determined but not the identity of the material(s) producing the contrast.  This talk describes the first use 

of in situ position-resolved x-ray diffraction to identify different contents within an intact mummy. 
 

 

2. EXPERIMENTAL METHOD 

 

Prior to the high-energy transmission x-ray diffraction studies, Hawara Portrait Mummy No. 4 (HPM4) 

was imaged with a clinical CT scanner, and these scans were used as 3D “roadmap” for the high energy 

x-ray diffraction studies performed at beamline 1-ID of the Advanced Photon Source (APS).  Only one 

day of beam time was available at 1-ID, and the CT data were essential to limiting data collection to 

volumes containing features of interest.  Figure 1a shows a schematic of the diffraction set-up.  The 

large beam path through the mummy was a major complication, and the solution was to collect each 

diffraction pattern at two well-defined detector-mummy separations.  Figure 1b shows how the two 

detector positions identify the depth from which the diffraction pattern originated.   
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3. RESULTS 

 

Figure 1c shows a longitudinal section through the mummy, and the positions where the diffraction 

patterns were recorded are indicated schematically.  Diffraction patterns were collected from the human 

mineralized tissues within HPM4, specifically the skull, cervical vertebrae, femora and teeth.  Patterns 

from the femora’s lateral and medial sides (and the skull’s left and right sides) could be separated and 

analyzed separately.  The lattice parameters and crystallite sizes of the mineral phase within bone were 

comparable with values from dried modern human bone.  Within the wrappings, wires were located by 

diffraction and identified as a modern dual phase steel, and highly absorbing, millimeter-sized inclusions 

were identified as calcite.  The soil encrusting the mummy was identified as containing quartz (SiO2). 

Diffracting volume origins could be localized to within 1-2 mm along the beam direction, providing 

enough precision for identification of the materials present.  The position of these and other features 

were found at positions indicated by the CT scans, and the limitations of the diffraction approach 

compared to absorption CT are discussed.   
 
 
 
 
 
 
 

 
 

Figure 1: (a) Schematic of the set-up at 1-ID, APS.  (b) Schematic of the complication in the transmission 
geometry of a long path through the mummy.  A diffraction peak observed at the position of the red disk (r1 
away from the incident beam position) at detector position 1 might originate at any position between A or B.  
The possible diffraction angles 2θ could range between 2θB and 2θA.  The same diffraction peak recorded at r2 
(red disk) and not at the position of the open red circle would show that the beam originated from position B.  
The precise 2θ value determines d accurately enough to identify the material diffracting at position B.  (c) 
Sagittal CT section of HPM4 with areas scanned with diffraction indicated schematically:  the red disks 
indicate point by point sampling by the x-ray beam; the arrowed lines indicate the direction of the scans.  The 
scan labeled with the yellow asterisk is through inclusion D which cannot be seen in this sagittal section.  The 
labels in yellow indicate features within the mummy:  skull “s”, resin shards “rs”, wire “w”, teeth “t”, portrait 
“p”, soil on the outside of the mummy “so”, inclusion F “incl F”, femur “f” and muscle surrounding the femur 
“m”. 


