
American Mineralogist, Volume 98, pages 98–109, 2013

0003-004X/13/0001–098$05.00/DOI: http://dx.doi.org/10.2138/am.2013.4018       98 

Cathodoluminescence properties of quartz eyes from porphyry-type deposits: Implications 
for the origin of quartz
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abstRaCt

Hyperspectral cathodoluminescence (CL) mapping, combined with electron probe microanalysis 
(EPMA) and Fourier transform infrared spectroscopy, was used for the reconstruction of crystalliza-
tion conditions of quartz from porphyry environments. Quartz eyes from the two porphyry deposits 
Rio Blanco (Chile) and Climax (U.S.A.) were studied. Three peaks are found to be responsible for 
the total CL emission: 1.93, 2.05, and 2.72 eV. The first two peaks are assigned to O-M (with M being 
an alkali ion) and oxygen vacancies, respectively. The 2.72 eV peak shows a linear correlation with 
the Ti concentration determined by EPMA point measurements. In addition, a negative correlation 
between the 1.93 eV emission and the Al concentration was observed.

Quartz grains often form clusters in which adjacent grains show identical CL patterns, indicating 
that they crystallized attached to each other and were not disturbed later. Quartz cores display sector 
zoning and enrichment in Li, OH, and sometimes Al, which points to rapid crystallization from an 
extremely evolved melt. Quartz rims show high Ti, and low Li and OH contents, indicating crystal-
lization from a less evolved melt either at higher temperatures or at higher titanium activities. The Al 
and Ti distribution patterns are frequently not correlated and both show uneven distribution indicating 
fast growth from inhomogeneous melts. Only Ti displays sharp transitions and fine oscillatory zoning, 
which can be explained by the higher mobility of Al in the quartz lattice.

The quartz eyes crystallized after magma emplacement under non-equilibrium conditions. It is 
likely that the crystallization occurred from the melt enriched in Al, Li, and OH and probably other 
metals and/or volatiles on the brink of fluid exsolution. Subsequent fluid exsolution brought about 
disequilibrium to the system, resulting in dissolution of quartz and redistribution of elements between 
the melt and the fluid. The OH, Li, and other alkali metals and volatiles partitioned into the fluid, 
whereas Ti and Al remained in the melt. Resorption of quartz caused by the fluid exsolution continued 
until equilibrium was reached again, after which crystallization of quartz rims began from the water-, 
alkali-, and volatile-poor melt with higher Ti activity. Further accumulation of Al and Ti in the residual 
melt led to crystallization of extremely Al- and Ti-rich quartz.
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intROduCtiOn

Cathodoluminescence (CL), the emission of light resulting 
from electron bombardment, has proven to be an excellent tool 
in visualizing intra-granular primary (growth) and secondary 
(fractures, halos of secondary quartz around fluid inclusions, 
etc.) textures in quartz. Crystal defects like vacancies and im-
purities create additional states with distinct energies in the band 
gap between electron valence and conduction band, leading to 
the emission and absorption of CL bands with characteristic 
wavelengths. Internal structure becomes visible due to differ-
ent trace element and crystal lattice defects (Götze 2009; Mül-
ler 2000; Stevens-Kalceff 2009). Changes in the quantity and 
quality of defects and impurities in quartz reflect changes of 
physico-chemical conditions of crystal growth. CL is being used 
successfully for reconstructions of growth history of quartz and 

crystallization conditions (Allan and Yardley 2007; D’Lemos et 
al. 1997; Monecke et al. 2002; Müller 2000; Penniston-Dorland 
2001; Peppard et al. 2001; Wark et al. 2007).

The cathodoluminescence spectrum consists of intrinsic and 
extrinsic contributions. Intrinsic luminescence characterizes the 
host lattice (Si-O framework) and is caused by non-stoichiometry 
(vacancies) or structural imperfections (poor ordering, radiation 
damage, shock damage), which distort the crystal lattice and 
larger defects such as dislocations and clusters.

Extrinsic luminescence results from impurities often referred 
to as activators (Müller 2000). Typical substitutes for Si4+ in 
quartz are Al3+, Ti4+, Fe3+, Ge4+, P5+, and Ga3+ (Götze 2009; Mül-
ler 2000). Large open channels in the quartz structure parallel to 
the c-axis offer locations for interstitial cations such as H+, Na+, 
K+, Li+, Fe2+, Cu+, Co2+, and Ag+ (Müller 2000). Water bound in 
the quartz lattice is also very important and can be incorporated 
as OH− linked with Si or as 4H+ substituting Si4+. Hydrogen * E-mail: olgav@utas.edu.au 


