
Conservation vs investigation of amber:  
A risk assessment to determine whether amber is altered by micro-CT or 

confocal microscopy studies 

Confocal microscopy (CLSM) is a well-established optical technique for the 3D visualisation of 

specimens included in amber with a resolution at or beyond the diffraction limit of light. 

Fossils in amber exhibit strong autofluorescence, often maintained even after the organism has 

decayed (Compton et al., 2010), that can be used as a source of emitted photons for CLSM 

visualisations (Böker and Brocksch, 2002, Clark and Daly, 2010).  

 

mode of life and their as well (Ross, 2010).  

The use of standard optical techniques for the 

examination of amber inclusions is not always possible or 

accurate due to the characteristics of amber itself, which 

may be opaque, or contain air bubbles and flow lines, 

inclusions of limited or no scientific interest and other 

undesirable impurities.  

X-ray micro-computed tomography (µ-CT) is a non-

destructive method for digitising, investigating and 

categorising biological inclusions (Dierick et al., 2007). 

Minute morphological details and important 

taxonomic features can be imaged with micron-scale 

resolution and minimal preparation.  

3D reconstructions can be viewed from multiple 

angles, virtually dissected and used to visualise the 

internal morphology. Individual X-ray slices can help 

interpret finer features difficult to resolve. 

µ-CT overcomes problems such as the darkening and 

formation of white emulsion coatings that render the 

inclusion difficult to view using traditional methods.  

Analysis using synchrotron X-rays with propagation 

phase-contrast is increasingly common (e.g. Soriano 

et al., 2010), as it allows for increased contrast over 

absorption techniques, detecting inclusions invisible 

using traditional CT. 

Figure 1. Confocal images of a fossilised fig wasp embedded in amber. A. Details of the head (20x). B and C. View of one of the pollen 
pockets (20x and 40x respectively). D. Detailed image of the pollen pocket of a modern specimen for comparison (40x). Images taken 
from Compton et al., 2010. 
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Figure 2. Anapid spider (Anapidae family) in Baltic amber. A. and B. Photographs taken with a stereo-
microscope. C and D. Transparent ad solid µ-CT scan reconstructions. Images from Penney et al., 2011.  

Although µ-CT and CLSM are exceptionally valuable 

for the investigation of amber inclusions, they have 

the potential to physico-chemically alter amber. 

Thus, access to collections for investigations 

utilising novel methodologies is currently 

hampered by a lack of understanding of their 

potential harmful effects on amber samples, which 

may consist of specimens of considerable historical 

importance and palaeontological rarity. 

Amber is a fossil tree resin that represents an invaluable “time capsule” 

preserving 3D fossil inclusions. The study of animal remains (mostly 

insects), plant structures, pollen or microorganisms ‘trapped’ in the original 

resin has proven invaluable to our understanding of ancient life. 

Important amber samples are therefore subject to  considerable demand 

by researchers wishing to examine the trapped specimens.  

Typically, organic inclusions are hollow, with few organic remains preserved 

(Edwards et al., 2007). The study of amber inclusions offers information 

about  the  preserved  organisms, including  their  morphology, ecology and  
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The aim of this study is to ascertain, through analytical means, the impact 
of these techniques on different amber and copal types, and to  
investigate their long-term effects upon the amber matrix. 

Aesthetic characteristics of amber 

and copal samples tested using µ-

CT and CLSM appeared unaffected: 

no undesirable colour alterations 

or visible bleaching could be 

distinguished.  

Samples exposed to high-flux 

synchrotron X-ray radiation, clearly 

appeared  to have darkened. 
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Both Raman and FTIR spectroscopy proved ideal for the characterisation and differentiation of 

ambers and copals, but FTIR spectroscopy was better at discriminating between different 

provenances, degradation and maturation stages.  

X-ray irradiation in the µ-CT scanner and laser illumination using CLSM did not produce any 

damage observable to either the naked eye or by either Raman or FTIR spectroscopy. In samples 

exposed to synchrotron X-rays chemical changes could be detected in FTIR spectra only. 

Baltic, Burmese, Dominican amber, Columbian and East 

African copal. 

Samples selected based on age, maturation stage, 

provenance, palaeobotanical origins and palaeontological 

significance, reflecting range of fossil resins frequently 

examined by researchers. 

Each sample cut into sub-samples for µ-CT and CLSM 

exposure. Two samples irradiated with synchrotron X-rays. 

Our results make a fundamental contribution to the risk assessment for the 

analysis of fossil resins by µ-CT and CLSM.  

These techniques do not seem to impart a detectable damage to copal 

and amber samples, which appeared aesthetically and chemically 

unaltered when using the parameters specified in this work.  

Baseline characterisations on amber and copal samples using Raman spectroscopy and FTIR 

spectroscopy (at V&A), which yield the most information about amber and its degradation pathways and 

products (Beck et al., 1965; Edwards et al., 1996; Brody et al., 2001; Pastorelli et al., 2013).  

Exposure to repeated high doses of X-rays in a µ-CT scanner (at NHM), to hard synchrotron X-rays (at 

Diamond Light Source, Oxford), and to laser illumination using a confocal microscope (at NHM).  

Re-examination to look for chemical and optical changes which might have taken place.  

Hard synchrotron X-rays caused both colour 

alterations and chemical changes in amber (as 

revealed by FTIR), and their use should be 

discouraged until further experiments are done, 

if the aesthetic of the amber is to be preserved. 


