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Scanning electron microscope 
cathodoluminescence (SEM-CL) has 
proven essential in visualizing growth 
patterns of hydrothermal vein quartz, 
thus allowing to establish fluid entrap-
ment chronologies and, ultimately, 
to unravel the genesis of the giant 
porphyry-Cu-Au-Mo deposit at Bing-
ham, Utah (Landtwing, 2004).

Laser-ablation ICPMS data of hy-
drothermal vein quartz with zonation 
in SEM-CL (Landtwing and Pettke, 
2004) reveal two groups of trace 
elements, one that co-varies in con-
centration with luminosity while the 
other remains uniform throughout. 
Bright luminosity correlates with a 
high total abundance of trace elements 
in early quartz, including Al (up to 
410 µg/g), Ti (up to 240 µg/g), K (up 
to 330 µg/g), Li (up to 8 µg/g), Na (up 
to 36 µg/g) and Fe (up to 20 µg/g). 
Up to 20 times lower concentrations 
of these elements are associated with 
dark luminosity in late quartz. LA-
ICPMS results indicate that the fluid 
chemistry determines the quartz trace 

element pattern; hence this may serve 
as a monitor for the chemical envi-
ronment from which quartz crystal-
lized. Ratios of Na/Al and Ti/Al are 
uniform, only K/Al evolves towards 
lower values with decreasing lumi-
nosity. This is tentatively ascribed to 
a decrease in the activity of K in the 
fluid with progressive vein growth. 
Combined evidence including quartz 
vein textures, silica solubility data 
and temperature estimates of quartz 
growth suggest that early quartz 
crystallized fast while late quartz 
grew more slowly at 350 – 425 °C. 
It is speculated that the higher the 
quartz growth rate is, the more trace 
elements are incorporated into quartz, 
besides the temperature dependence 
known from the literature. Clearly, 
growth rate, temperature and fluid 
chemistry are important parameters 
affecting luminosity; however, their 
relative importance may vary from 
case to case.

Interestingly, the data collectively 
suggest that the simple decrease in 

temperature of the hydrothermal fluid 
convecting above the source magma 
in a confined rock volume may have 
been the single most important pa-
rameter for the formation of the gi-
ant ore deposit at Bingham, and this 
hypothesis is currently explored for 
other magmatic-hydrothermal ore 
deposits.
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