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Advances in quartz research
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Abstract: Quartz, one of the most abundant minerals in the earth crust and also a very important mineral, oc-
curs in large quantities in igneous, sedimentary and metamorphic rocks as well as in some hydrothermal systems.
Petrogenesis, oxygen-isotope and trace element geochemistry, physical properties and defect microstructures of
quartz and chalcedony have been studied by mineralogists and geologists in the past two decades, but some relat-
ed problems are still in controversy. Due to wide distribution and highly stable nature of quartz, a variety of
petrologic, isotopic and geochemical provenance techniques have been developed over the past two decades to
study the provenance of detrital quartz. Integrated scanning electron microscope CL, electron microprobe CL
and optical microscopy analysis of single quartz grains are fairly simple and inexpensive techniques and are effi-
cient methods for visualizing microtextures in minerals that are invisible in conventional transmitted-bight mi-
croscopy. Quartz cathodoluminescene is commonly applied to decipher complex histories of geological process;
however, the causes of quartz cathodoluminescence remain poorly understood, which may involve the variations
in trace element concentrations in quartz. Different mechanisms of trace element uptake into the quartz lattice
are discussed. For example, some trace elements in quartz may generally be incorporated into the crystal struc-
ture or bound in microinclusions (fluid mineral inclusions), and only a small amount of ”foreign” elements can be

incorporated into the crystal lattice; the substitutional incorporation of Al, Ge, Ti, Ga, Fe, Hand P into Si position
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is well established. Cathodoluminescene may help establish the succession of paragenetic associations in minerals
and a wide variety of rocks, such as growth zoning, randomly oriented microcracks and healed microfractures,
homogeneous patchy or mottled CL, deformed lamelae, grain shattering and dissolution or alteration features.
The distinguishable characteristics among volcanic rock, pluton, sedimentation, metamorphism and quartz in
veins are systematically summarized on the basis of the authors’ recent research and literature reviews. The rela-
tionship between trace element geochemistry, cathodoluminescence texture and characteristics of cathodolumi-
nescence are discussed. In the end of this paper, the authors attempt to provide a flow chart to illustrate the
identification of various kinds of quartz in nature.
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a b c dquartz samples were collected from a variety of hydrothermal veins showing complex overgrowth history e. f g h demonstrate the re-
lationship between luminous intensity and trace element concentrations e is a SEM-CL image { g h show Ti K Al distribution in quartz re-
vealed by EMPA as well as their relationship to luminous intensity i j k 1 samples were collected from Ernest Henry IOCG deposit of Australia
i is cathodoluminescence image of an individual quartz grain showing complex zonal growth j shows different generations of quartz where quartz
without obvious growth zoning is quartz of relatively early stage which has been deformed or metamorphosed and the quartz of late stage with clear
zoning growth fills in cracks of earlier quartz k and | are in the same view k is a back-scattered image whereas | is a SEM-CL image which shows
two generations of quartz the later angular quartz fills the cracks of earlier brecciated quartz m and n samples were collected from A-type granite of
New England orogen smoky cape and this quartz has weak growth zoning o is a I-type granite from Berridale base which is irregular and taxitic
pis a S-type granite sample from Coziosco batholith-Sawpick creek and healed cracks can be found in this sample
Note images a~ h are from the powerpoint slides and paper of Brian Rusk after Rusk ez a/. 2002 2006 2008 images i~p are from this study.
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Table 2 Quartz types identified by their combined SEM-CL and optical features after Bernet and Bassett 2005
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Table 3 Description of SEM-CL characteristics and features after Seyedolali 1997 Bernet and Bassett 2005
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Fig. 2 Flow-chart showing steps to identify quartz types based on a combination of SEM-CL and petrographic features
after Bernet and Bassett 2005
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