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Abstract

Quartz crystals have been studied since ancient times by scientists and natural philosophers
attempting to unlock the mysteries behind their aesthetic appearance and cryptic morpholdgig¢al
properties. Previous studies have begun to identify controls on the abundance and distribufiop of
hydrous impurities (AIOH, LIOH and HOH) within gemmy hydrothermal quartz crystals

collected from veins in the Swiss Alps. These studies used high-resolution (200 um2 scang)
traverses across sawn and polished cryst al wafers that reveal trends in impurity concentrgtiops
both parallel and perpendicular to the c-crystallographic axis, as well as within optical ‘sectpr
zones'’ that correspond to growth on distinct rhombohedral and prism faces. Subtle differengceg 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 |

the observed abundance profiles within the sector zones. We explore the effect of twinningjo

the abundance of hydrous impurities within single crystals. We aim to develop a comprehepsiye
understanding of impurity behavior within quartz crystals in order to use their abundances {o
elucidate thermal and compositional histories of fluids within metamorphic hydrothermal
systems.

Motivation for Study and Previous Work

Hydrothermal fluids and their dissolved chemical consttuents ae acritical part of both mm scale

the large-scale thermal evolution ofthe crustand the dgpostion of avariety of ore
deposits, yet constaining fluid condtions @, T, compostion) often remains difficult.
Quartz crystals grown from hydrothermal fluids ncorporate hydrous speies (AIOH,
LiOH, HOH) as impurities durng growth as afunction offluid conditions ad aystal
structure, making them critical recorders d transient hydrothermal systems.

To useimpunties within quatz as indicators of fluid condtions, orgind concentrations
at time of growth mustbedeaermined which is complicated by diffusion of impunties
after growth.

Previous stidies have determined two magjor factors affecting impurity uptake and
diffusion through high-resolution (Overlapping 200unY scans) IR traverses of sectioned
quatz crystal wafers:

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

2. PostGrowth Diffusion: Diffusion ocurs after growth duting thermal so&ing at
high temperatures through theterminus, baeand prismfaces ofthe quatz crystal
studied.

This stdy seks b examinethe effect of twinning within quatz on impunty diffusion
paterns & past results sug@st tha additiond factors ae responsble for impurnty level
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Twinning Background
e Transformation twinning Iis g

C-axis channel

shift in crystal structure In
response to stress, most
commonly due to deformation
or differential cooling
® |n quartz crystals, twinning
changes the nature ofthe | ...
c-axis channels hypothesized to accommodate diffusion
e Two types of twins commonly affect quartz:

1. Dauphiné Twinning

IR Traverse Optical Wafer with IR Heatmap Etched Wafer with Overlaid Twin Domains
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http://www.quartzpage.de/crs_twins.html

2. Brazil Twinning

http://www.quartzpage.de/crs_twins.html
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Dana’s Mineralogy http://geoman.ru/books/item/f00/s00/z0000065/st072.shtml

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

Twin Boundary

Close up of twin boundary \is
Ible after etching in ammoni
um bifluoride. Note change In
character of etch pattern and |
orientation of triangular etch
pits across boundary.

| - ~ Results and Conclusions |
e Comparison of hydrous impurity concentration patterns to twin domains reveals a profound connection between crystal structure and @k

retain impurities during diffusion after growth:
e |n an untwinned crystal, adjacent rhrombehedral growth faces show alternating fast and slow growth rates and are designated as “r’ afgc
respectively.
e Our results show that “r” and “z” sector zones have slightly different crystal structures making impurities within one more vulnerable to
® Dauphiné twinning seems to reverse these characteristics, causing sectors with characteristics promoting diffusion to become resistaint
versa. The changes in crystal structure between sector zones and across twin boundaries likely involve modifications to C-axis channgl
These results are important for discerning the original impurity levels in a crystal at the time of growth, occurring in sector zones eithe
resistant to diffusion or modified by twinning to be so.
Future work will concentrate on experimentally measuring how impurities partition into a growing qguartz crystal based on changing fluid
conditions to aid our understanding of hydrothermal systems.

Methods

slightly different focus points for a given spot and repeats the proceps
over the entire crystal surface to give a highly detailed, perfectly foueq
Image.

Confocal microscope images were then observed to outline the twi
boundaries based on distinctive etch features.
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