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SUMMARY 

St. Augustine’s Abbey, Canterbury was founded shortly after AD 597 as a burial place for 
the Anglo-Saxon kings of Kent. This report covers the investigative conservation of some 
of the human remains (a skull) on display at the museum. The skull exhibited surface 
flaking and cracking and the aim of the investigative conservation was to identify the cause 
of this deterioration. Remedial conservation was also undertaken. 
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INTRODUCTION 

St. Augustine’s Abbey, Canterbury was founded shortly after AD 597 as a burial place for 
the Anglo-Saxon kings of Kent. This report covers the investigative conservation of some 
of the human remains (a skull) on display at the museum (English Heritage accession 
number 88211412). The skull exhibited surface flaking and cracking and the aim of the 
investigative conservation was to identify the cause of this deterioration. Remedial 
conservation was also undertaken. 

The skull is part of a skeleton displayed in a lead coffin. The skeleton was buried in the 
lead coffin with an outer coffin probably of oak. Only fragments of the inner coffin 
survived. At the time of the excavation the lead coffin was extremely corroded in the 
area underlying the torso but was otherwise in an excellent state of preservation as was 
the skeleton inside it. The head was wrapped in a woollen bandage, the hair and organic 
matter surviving within this wrapping. The skeleton was identified as a woman aged 
between 18 and 25 (Sherlock and Woods 1988). 

 

ASSESSMENT METHOD  

The skull was examined under binocular magnification and X-rayed at Fort Cumberland. 
Computed Radiography (Kodak Industrex imaging plates and a Kodak Industrex HPX-1 
scanner) and an AGO HS 225kV Hi-Stability X-ray system were used.  Industrial AGFA 
D4 film was also used and the X-radiographs packaged in archival enclosures (polyester 
sleeves and acid free envelopes). A sample of white deposits was taken from an area 
under the right eye socket and examined by X-ray fluorescence (XRF) and X-ray 
diffraction (XRD) analysis.   

 
ASSESSMENT RESULTS 

Condition 

The skull consists of four parts: cranium, forehead, mandible and maxilla. The four parts 
are disconnected from each other and the mandible is furthermore broken into two 
fragments (Figs. 1 to 4).  

Bone 

The bone is fragile and has several cracks and surface flaking (Figs. 5 to 7). The surface is 
dirty and has areas of white powdery discolorations (Figs. 5a and 5f). The discolorations 
may have been caused by chemical degradation during burial, especially considering the 



bone has been buried together with lead and oak (see Discussion). A sample from under 
the right eye socket was examined by XRD and XRF analysis and identified as containing 
the lead salt pyromorphite Pb5(PO4)3Cl (see Figs. 5c, 8 and 9). The surface flaking and 
powdery white bone is most likely to be caused by the formation of pyromorphite and 
associated volume changes. 

   
Figure 1: The cranium from superior (left) and inferior (right) view 
 

   
Figure 2: The forehead from superior (left) and inferior (right) view. 

Teeth 

The teeth are dirty but for the most part they are in a relatively good condition (Figs. 3-4).  

Maxilla 

Three teeth are missing: the two third molars and right second incisor (Fig. 3b). Five teeth 
are loosely set in their sockets: right second premolar, the two first incisors, left second 
incisor and left canine (Fig. 3b). Three teeth are flaking and the left canine tooth has a 
large crack (Fig. 3d and 4b).  A cavity can be seen in the second molar on the right (Fig. 
3b). 
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Mandible 

Five teeth are loosely set in their sockets: the two second incisor, the two first incisors 
and second premolar at the left (Fig. 3a). The left second incisor has cracked so only the 
root remains. Three teeth have cavities: both second molars and the right canine (Figs. 3a 
and 4a).  

 
 
Figure 3: Maxilla (a & c) and mandible (b & d) from plan and side view 
 

 
 
Figure 4: Detail of maxilla and teeth 
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CONSERVATION 

Dirt and mould were removed from the cranium with a 50% solution of Industrial 
Methylated Spirits (ethanol>85%, methanol<5%) and distilled water. The most fragile 
parts of the skull (Fig. 5) were consolidated using a 10% solution of Paraloid B72 (ethyl 
methacrylate) to prevent further surface loss. Paraloid B72 is one of the most stable 
polymers available and has the advantage of being stronger and less brittle than other 
popular consolidants for conservation (Johnson 1994, Koob 1986). The two mandible 
fragments were reattached using Paraloid B72.  

     
a                                                 b                                                      c 

      
d                                               e                                                    f 

Figure 5: a: Hairline cracks on the front of the cranium 
b: Open suture with loose bone fragments from cranium 
c: Perforation in eye socket 
d: Damaged bone and salt deposits by eye socket 
e: Flaking surface on mandible 
f: Discoloured powdery bone with salt deposits under right eye socket 
 
 
 
 
 
 
 
 
 

© ENGLISH HERITAGE 4 84 - 2011 



  

Cracks 

Cracks 

 
Figure 6: Computed radiography image: Inferior view of Cranium (right) and forehead 
(left) (P3386: 60kV, 3mA, 1.5 minutes; 1 meter distance) 
 
 

 
 
Figure 7: Computed radiography image: Front view of maxilla (top) and mandible 
(bottom) (P3401: 60kV, 3mA, 2.5 minutes; 1 meter distance).   
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Figure 8: Image showing the XRD spectrum of the sample taken from under right eye 
socket. The red columns are a reference showing peaks of Pyromorphite . The yellow 
columns are showing the actual peaks of the sample. The figure shows that the sample 
peaks are generally placed in the same areas as the reference, which means that the 
sample can be identified as Pyromorphite. 
 

 
Figure 9: Image showing the XRF spectrum of the sample taken from under right eye 
socket. The calculation table underneath the spectrum confirms the XRF results by 
identifying that a large amount of lead and a small amount of chlorides are present in the 
sample. 
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DISCUSSION 

The investigative conservation suggests that the deterioration of the skull was caused by 
the proximity of the lead coffin to the bone and, the environmental conditions. The 
presence of the lead salt pyromorphite indicates that the lead coffin corroded and mobile 
lead has reacted with water, oxygen and chlorides from the environment to form lead 
chlorides. These chlorides have reacted with phosphate ions from the degraded bone to 
form pyromorphite (Zhang 2002). The volume changes associated with the salt formation 
would seem to have resulted in the physical damage (surface flaking) and deposits 
observed. 

Causes of bone and lead deterioration include: 

 Elevated relative humidity (RH).  
 The presence of chlorides. These could be from remaining burial environment soil or 

the display environment (Thickett and Lee 2004).  
 The presence of organic acids. These are damaging to both bone and lead and it is 

recommended to identify if any organic acids are present in the environment. This can 
be achieved by examining the lead coffin for evidence of active corrosion (areas of 
white powder)1. In display environments, the sources are usually wood (with oak and 
cedar being the worst), wood products, paint and cleaning products (Thickett and Lee 
2004, Selwyn 2004 and Botfeldt 2008).  

It is recommended to keep the skull in a stable environment, ideally at 55% RH and at 
18C. If the RH falls below 45% the bones will start to crack; if the RH increases above 
60% microorganisms may appear (Bodtfeldt 2008).  The display condition for lead in a 
mixed collection is 50% RH (MGC 1992). 
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