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The Distribution of Hydrous Impurities in Quartz: The Role of Twinning
Fitzpatrick, William A.   Faculty Mentor:  Phillip D. Ihinger

Department of Geology, University of Wisconsin-Eau Claire, Eau Claire, WI 54702

Quartz crystals have been studied since ancient times by scientists and natural philosophers 
attempting to unlock the mysteries behind their aesthetic appearance and cryptic morphological 
properties. Previous studies have begun to identify controls on the abundance and distribution of 
hydrous impurities (AlOH, LiOH and HOH) within gemmy hydrothermal quartz crystals 
collected from veins in the Swiss Alps. These studies used high-resolution (200 µm2 scans) 
traverses across sawn and polished cryst al wafers that reveal trends in impurity concentrations 
both parallel and perpendicular to the c-crystallographic axis, as well as within optical ‘sector 
zones’ that correspond to growth on distinct rhombohedral and prism faces. Subtle differences in 
crystal structure between growth faces appear to influence the respective growth rates of the 
faces, resulting in a positive correlation of impurity concentration with growth rate. The 
differences in crystal structure also likely influence rate of impurity mobility, which results in 
the observed abundance profiles within the sector zones. We explore the effect of twinning on 
the abundance of hydrous impurities within single crystals. We aim to develop a comprehensive 
understanding of impurity behavior within quartz crystals in order to use their abundances to 
elucidate thermal and compositional histories of fluids within metamorphic hydrothermal 
systems.
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• Comparison of hydrous impurity concentration patterns to twin domains reveals a profound connection between crystal structure and ability to   
 retain impurities during diffusion after growth:
• In an untwinned crystal, adjacent rhombehedral growth faces show alternating fast and slow growth rates and are designated as “r” and “z”     
 respectively.
• Our results show that “r” and “z” sector zones have slightly different crystal structures making impurities within one more vulnerable to diffusion.
• Dauphiné twinning seems to reverse these characteristics, causing sectors with characteristics promoting diffusion to become resistant and vice   
 versa. The changes in crystal structure between sector zones and across twin boundaries likely involve modifications to C-axis channels.
• These results are important for discerning the original impurity levels in a crystal at the time of growth, occurring in sector zones either originally  
 resistant to diffusion or modified by twinning to be so.
• Future work will concentrate on experimentally measuring how impurities partition into a growing quartz crystal based on changing fluid     
 conditions to aid our understanding of hydrothermal systems.
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• Hydrothermal fluids released during metamorphism contain large amounts of dissolved chemicals that 
     precipitate quartz crystals under favorable conditions
• The crystal structure of quartz can accommodate hydrous impurities during growth
• Thus, quartz crystals can serve as a recorder of their host transient fluids
• A number of potential factors govern the abundance and distribution of hydrous impurities in quartz:
 

• Sawn and polished quartz crystal wafers were etched in a solution of 2   
 parts ammonium bifluoride, 3 parts water. Etch times ranged from 12-20  
 hours.
• Etched wafers were examined using an Olympus confocal microscope at  
 50x. The microscope stiches together hundreds of images taken at    
 slightly different focus points for a given spot and repeats the process   
 over the entire crystal surface to give a highly detailed, perfectly focused  
 image.
• Confocal microscope images were then observed to outline the twin   
 boundaries based on distinctive etch features.

•

• Transformation twinning is a
  shift in crystal  structure in 
 response to stress, most 
 commonly due to deformation 
 or differential cooling
• In quartz crystals, twinning 
 changes the nature of the 
 c-axis channels hypothesized to accommodate diffusion
• Two types of twins commonly affect quartz:

  1. Dauphiné Twinning
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http://www.quartzpage.de/gen_struct.html

Sector 1 Sector 4

https://www.pinterest.com/pin/557179785135037952/

http://geoman.ru/books/item/f00/s00/z0000065/st072.shtmlDana’s Mineralogy

http://www.quartzpage.de/crs_twins.html
http://www.quartzpage.de/crs_twins.html

 2.  Brazil Twinning

• Twins are sometimes visible optically, but are often too   
 subtle and require etching under highly corrosive acid to   
 be viewed clearly 

�x Hydrothermal fluids and their dissolved chemical constituents are a critical part of both 
the large-scale thermal evolution of the crust and the deposition of a variety of ore 
deposits, yet constraining fluid conditions (P, T, composition) often remains difficult. 

�x Quartz crystals grown from hydrothermal fluids incorporate hydrous species (AlOH, 
LiOH, HOH) as impurities during growth as a function of fluid conditions and crystal 
structure, making them critical recorders of transient hydrothermal systems. 

�x To use impurities within quartz as indicators of fluid conditions, original concentrations 
at time of growth must be determined which is complicated by diffusion of impurities 
after growth. 

�x Previous studies have determined two major factors affecting impurity uptake and 
diffusion through high-resolution (overlapping 200µm2 scans) IR traverses of sectioned 
quartz crystal wafers: 

1. Growth Rate: Differing growth rates on distinct crystallographic faces influences 
impurity uptake with faster growth leading to higher levels of impurities. 

2. Post Growth Diffusion: Diffusion occurs after growth during thermal soaking at 
high temperatures through the terminus, base and prism faces of the quartz crystal 
studied. 

�x This study seeks to examine the effect of twinning within quartz on impurity diffusion 
patterns as past results suggest that additional factors are responsible for impurity level 
discrepancies between optical “sector zones” visible under polarized light.  
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Close up of twin boundary vis-
ible after etching in ammoni-
um bifluoride. Note change in 
character of etch pattern and in 
orientation of triangular etch 
pits across boundary.
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