
ANOMALOUS BIREFRINGENCE-BASED DIAGNOSTICS OF DIAMOND 
ORIGIN 

 

   Anomalous birefringence is peculiar to almost all diamonds (both natural and 

synthetic) and serves as an indirect diagnostic feature.  

Anomalous birefringence in natural and synthetic diamonds  

 Those diamonds showing strong anomalous birefringence (manifested as 
intense interference coloring) are, as a rule, natural, while weak anomalous 
birefringence is typical of synthetics. 

 Patterns arising due to anomalous birefringence may serves as another 
diagnostic feature. In natural diamonds, these patterns consist of thin 
dashes intersecting with one another (in some directions, anomalous 
birefringence is manifested as mosaic interference coloring). A black cross 
pattern is typical of synthetics. 

Recommended procedure for studying anomalous birefringence:  

- Carefully clean the sample under study before starting the tests.  
- Test the sample in accordance with the recommended procedure for working with a 
polariscope.  
- Analyze the observed features using the description of anomalous birefringence in 
natural and synthetic diamonds.  
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Abstract 

 Optical anomalies (deviations of the symmetry of optical properties from the ideal 

symmetry of the crystal) occur in many minerals and synthetic compounds and have been 

under investigation since the last century. An important feature of optically anomalous mixed 

crystals is a high degree of optical inhomogeneity, whereas the optical patterns of mixed 

crystals without anomalies are usually rather uniform. This work is devoted to the study of 

this phenomenon. As a model object we have chosen mixed alum crystals, which were known 

for their anomalous birefringence and which revealed the following types of optical 

inhomogeneities: (1) sector zoning; (2) concentric zoning; (3) subsector zoning; (4) stripes 

normal to growth front. 
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The inhomogeneity of anomalous birefringence of mixed crystals of alums can be explained 

by superposition of several effects: mismatch strain, strain along dislocations and growth 

ordering of isomorphous components. Optical inhomogeneities due to the sector zoning of 

crystals and their dislocation structure arise even under stationary growth conditions and 

stationary micromorphology of the growing face. Both variable growth conditions and the 

relief of the growing face strongly intensify the optical inhomogeneity due to three 

interrelated factors: (1) a significantly inhomogeneous mismatch strain; (2) a variable degree 

of ordering of isomorphous components due to the compositional inhomogeneities; (3) 

different degrees of ordering of isomorphous atoms caused by different orientations, heights 

and velocities of growth steps. These effects lead to the formation of subsector zoning and 

zoning superimposed on the optical sector zoning. These optical structures are crossed by 

birefringent stripes arising from dislocations. 
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