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Illumination of vein quartz textures in a porphyry copper ore deposit using scanned
cathodoluminescence: Grasberg Igneous Complex, Irian Jaya, Indonesia
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ABSTRACT
Vein quartz from the Grasberg Igneous Complex in Irian Jaya, Indonesia, displays a wide range
of features when observed using scanned cathodoluminescence imaging on the electron microscope.
Examination of seventeen samples revealed concentric growth zoning, quartz-filled microfractures,
dark luminescence near sulfides, changes in crystal size and orientation from vein edges to vein
centers, turbid growth zoning, and the truncation of concentric growth zoning. Individual features
observed along two large photomosaic traverses from vein margins to vein centers coupled with
trace element analyses from the electron microprobe allow determination of a detailed history of
fracture infilling. The two traverses indicate a simple, two-stage history of crystal growth into an
open fracture followed by mechanical closing of the fracture with resulting microfractures. Electron
microprobe trace-element analyses show that the Fe content of quartz reaches values of up to 4900
ppm in dark-luminescent regions near sulfide crystals and decreases smoothly to ~200 ppm along
traverses away from the sulfides. The solution to the diffusion equation coupled with existing experimental data about Fe diffusion in SiO2 indicate the duration of the diffusion was perhaps on the
order of thousands of years.

INTRODUCTION
The cathodoluminescence of quartz has been used to study
a variety of geologic problems. Sedimentary petrologists have
used cathodoluminescence (CL) of quartz to understand fracturing, pressure solution, and cementation of sandstones (Sippel
1968; Zinkernagel 1978), and to trace the provenance of quartz
grains in sandstones (Zinkernagel 1978; Matter and Ramseyer
1985; Owen and Carozzi 1986). The implementation of routine observation of CL with the scanning electron microscope
(“scanned CL” with the SEM) has expanded the applications
of the technique. Scanned CL of quartz as imaged by the SEM
displays spectacular textures on the scale of tens to hundreds
of micrometers that cannot be seen using plane-light
photomicroscopy or conventional emulsion-film images of CL
obtained with optical microscopy (see Fig. 1). Scanned CL has
the advantages of having relatively stable operating conditions,
small scales of observation, and the ability to detect very faint
levels of CL. The microscopic textures of quartz revealed using scanned CL have led to new interpretations of diagenetic
processes and provenance in sandstones (Hogg et al. 1992;
Milliken 1994a, 1994b; Dickinson and Milliken 1995; Demars
et al. 1996; Seyedolali et al. 1997). Other fields of geology
have also benefited from this new technique. Microfractures in
quartz observed using scanned CL have been correlated with
oxygen isotopic measurements to determine the fractionation
of isotopes during crystal growth (Onasch and Vennemann
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1995) and the flow of hydrothermal fluids in an igneous body
(Valley and Graham 1996). Growth and dissolution textures in
quartz phenocrysts revealed by scanned CL help igneous petrologists to decipher magmatic processes (Watt et al. 1997).
Boiron et al. (1992) used scanned CL to characterize the sequence of events within Au-bearing quartz veins from the
French Massif Central and the Cassiar Mountains in British
Columbia. They correlated microfractures with analyses of fluid
inclusions to trace the evolution of the vein-forming fluids.
This paper presents a new application of scanned CL: the
study of vein quartz in a porphyry Cu ore deposit. Fracturing is
an important process in porphyry Cu ore systems. Fluid flow
through fractures results in mineral precipitation and vein-associated alteration that together account for much, if not all, of
the hypogene ore in porphyry Cu ore deposits (Beane and Titley
1981; Titley 1982). To fully understand the mechanisms of vein
formation and the deposition of ore minerals, it is essential to
examine textures of vein minerals. Typical vein mineralogy in
porphyry Cu ore deposits includes quartz, sulfides, and oxides.
Sulfides (e.g., pyrite and chalcopyrite) and oxides (e.g., hematite and magnetite) yield much information about mineral
parageneses when examined using optical microscopy, but they
provide limited textural information about vein-forming processes. Quartz also typically yields limited textural information using conventional optical microscopy. With scanned CL,
however, vein quartz from the Grasberg porphyry Cu ore deposit reveals numerous textural features (Penniston-Dorland
1997a, 1997b). This paper describes the features imaged using
scanned CL on quartz-sulfide veins from the Grasberg Igneous
Complex, a porphyry Cu ore deposit in the Gunung Bijih
(Ertsberg) District of Irian Jaya, Indonesia (Van Nort et al. 1991;

