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INTRODUCTION

Electron microscopy has several advantages over conven-
tional light microscopy, most notably better spatial resolution
and greater depth of field (Lloyd and Hall 1981; Trimby and
Prior 1999), and high-resolution topographic, structural, and
compositional images from scanning electron microscopes are
now widely used in the earth sciences. The principle of scan-
ning electron microscopy is simple—electrons from a thermi-
onic or field-emission cathode are accelerated to form a beam
that is rastered across the sample surface. Signals arising from
interactions between the beam and sample are collected, and
an image reconstructed that reflects variations in signal strength.
The bombardment of geological materials with a beam of elec-
trons, however, will generally result in electrical charging and
specimen damage unless steps are taken to reduce charge
buildup. The most common method used to alleviate sample
charging involves coating the specimen surface with a thin (50
nm) conductive layer of C, Au, or Pt. Conductive coats can

reduce signal/noise, compromise weak or low-energy signals,
and/or obscure important emissions (e.g., AuMα X-ray emis-
sion from a gold coat may conceal NbLα signals in niobates).
A conductive coat also prevents the direct imaging of conduc-
tivity contrasts in the underlying substrate. In uncoated samples,
differences in the dielectric properties generate charge contrasts
that may be used to detect compositional variations, structural
contrasts, and enhanced conductivity pathways within and be-
tween minerals. Despite an abundance of materials science
literature linking electron trapping and charging in semicon-
ductors and ceramics with defects of geological significance
(e.g., trace element impurities, lattice defects, twin planes)
(Doehne 1998; Galvin and Griffin 1999; Gluszak et al. 1999;
Gong et al. 1993; Oh et al. 1993), little attention has been paid
to the phenomenon of charge contrast in geological samples.

In this paper, we show that charging contrasts within single
crystals and among mineral phases can provide important in-
formation regarding growth, compositional variation, micro-
structure, and alteration in a variety of geological specimens.
We image several minerals and compare the information
from charge contrast with other electron imaging tech-
niques such as backscattered electron (BSE) imaging and
cathodoluminescence (CL). The samples presented include
cathodoluminescent phases (zircon and quartz) and non-lumi-
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ABSTRACT

The environmental scanning electron microscope (ESEM) allows high-resolution, high-magnifi-
cation imaging of conductivity differences in uncoated geological samples. Under normal ESEM
operating conditions, negative charge buildup at the sample surface (from bombardment by the
electron beam) is prevented by the presence of a gas (usually water vapor) in the sample chamber.
Backscattered and secondary electrons from the sample ionize this chamber gas, and the resultant
positively charged gaseous ions migrate toward the negatively charged sample. When chamber gas
pressures lower than approximately 250 Pa are used, however, charging of the sample can occur
because insufficient charge balancing positively charged gaseous ions are produced. Charge implan-
tation in the sample alters secondary electron emission, and, because intracrystalline conductivity
contrasts occur in response to variations in defect density, secondary electron images reflect compo-
sitional variations and/or microstructural features. These secondary electron images are referred to
as charge contrast images (CCI). To demonstrate potential geological applications of CCI, we present
images of growth zones, microfractures, differential diffusion domains, pleochroic haloes, and relict
fluid pathways from zircon (strongly luminescent), quartz (weakly luminescent), and biotite and
cordierite (non-luminescent). CCI detect defects in a similar way to cathodoluminescence (CL), but
have a higher resolution because the CCI signal is composed of secondary electrons that are gener-
ated from a much smaller interaction volume than photons utilized in CL. CCI imaging also can be
applied to a wider variety of geological samples than CL, because electronic charge trapping is not
restricted to wide-band gap electronic configurations. One of the most important potential applica-
tions of the CCI technique may lie in the direct imaging of relict fluid pathways in rocks that have
experienced metasomatism or alteration.
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