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Color Variation in Gemmy Amethyst: The Role of Contaminant Diffusion
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Hydrothermal fluids precipitate quartz on the walls of fractures in metamorphic systems.
Quartz crystals that grow from hydrothermal fluids commonly contain three hydrous 

impurities (LiOH, AlOH, and HOH) which can be measured using IR spectroscopy.
The abundance of these impurities reflect conditions during their growth and 

post-crystallization mobility during secondary heating (Ihinger & Zink, 2000).
High-res IR analyses often document diffusion profiles parallel to the c-axis in quartz.
Veracruz amethyst is known for crystals that display color gradation along the c-axis. 
We use FTIR to record abundances of mobile hydrous impurities within our crystal to 

test the relationship between these impurities and crystal color intensity.

The distribution of hydrous impurities in an alpine 
quartz crystal (Brinza et al., 2017).  The 
symmetric pattern reflects post-crystallization 
diffusion up and down the c-axis of the crystal.
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The role of contaminant diffusion purple quartz, otherwise known as amethyst, is commonly known 
for its occurrence as clusters of gemmy crystals that grow on the walls of fluid-filled fractures and 
vugs in hydrothermal metamorphic systems.  These crystals often show color intensity variations that 
are thought to result from variable exposure to radiation in the natural environment.  Some amethyst 
localities, however, present crystals that exhibit progressive color variations along the c-axis of the 
crystal and suggest that progressive diffusive mobility of impurities within relatively wide 
crystallographic channels may also have played a role in generating color variation in these crystals.  
In earlier studies conducted in our laboratory, we have shown that crystallographically-preferred 
diffusion of hydrous impurities is nearly ubiquitous within Alpine and Brazilian colorless quartz 
specimens.  Here, we use high-resolution Fourier Transform Infrared Spectroscopy (FTIR) to 
document the variable abundances of mobile LiOH, HOH, and AlOH species within crystals 
extracted from the classic amethyst locality in Veracruz, Mexico.  We show the relationship of violet 
color intensity with contaminant concentration and provide a test of the hypothesis that diffusion 
processes are integral to the development of color vibrancy in these crystals.
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●  Fully characterize the AlOH abundance ‘hot zone’ in wafer 12 to determine 
whether it represents activity associated with a fracture or it relates to 
crystallization at a particular time of sector zone growth.

●  Conduct additional spectroscopic measurements to verify that changes in 
hydroxyl concentrations are related to post-crystallization fractures.

●  Conduct electron microprobe analyses to measure concentrations of other 
trace impurites (e.g., U, Fe, Ti) to investigate correlation with violet color 
as well as with our observed abundances of hydroxyl species.

●  Clear diffusion profiles are not observed in impurity abundance in 
Veracruz amethyst.

●  Internal variations in hydroxyl impurities vary sharply and without relation 
to crystal edges.

●  The erratic changes in absorbance over tens of microns suggest that they 
are related to post-crystallization fluid-injection events inside the crystal.

●  Prism sector zones of variable thickness are evident in wafer 12. These 
zones are indicative of growth on m-prism faces and offer new and 
exciting insights into the morphologic evolution of the crystal.


