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INTRODUCTION

Zircon (ZrSiO4) is an orthosilicate mineral that generally 
incorporates trace amounts of actinide elements (i.e., U and 
Th), and other trace and minor elements including Hf, P, Y, and 
the rare earth elements (REEs). The decay of U and Th to form 
radiogenic Pb over geologic time generates structural damage 
in zircon, up to the complete loss of crystallinity in the so-called 
�metamict� state (e.g., Chakoumakos et al. 1987; Ewing 1994). 
On the other hand, the zircon U-Th-Pb isotopic system is one of 
the most widely used and robust geochronometers. Zircon occurs 
in many types of igneous, metamorphic, and sedimentary rocks. 
It is characterized by remarkable durability and stability against 
melting, dissolution, and secondary alteration, leading to an 
extraordinary geologic memory. The latter is often reß ected by 
complicated internal textures (Lork and Koschek 1991; Paterson 
et al. 1992; Hanchar and Miller 1993; Hanchar and Rudnick 
1995; Vavra et al. 1996; Corfu et al. 2003), which may include 
primary growth zoning, sectoral zoning, inherited cores, meta-
morphic overgrowth rims, or recrystallization patches. It has, 
therefore, become routine to use back-scattered electron (BSE) 
images, often in combination with cathodoluminescence (CL) 
images, to reveal internal features and to thereby constrain age 

determinations from in situ zircon U-Th-Pb isotopic data.
Internal contrast patterns observed using BSE are visible due 

to local variations of the fraction of primary electrons that escape 
after back-scattering (i.e., deß ection through an angle of >90°); 
the latter is described by the back-scatter coefÞ cient η. This coef-
Þ cient increases with increasing average atomic number (Z�; Hall 
and Lloyd 1981; Lloyd 1987), which is due to the higher number 
of charge carriers of higher Z elements (Donovan et al. 2003). 
Note that BSE should not be described as luminescence (e.g., 
Wang and GrifÞ n 2004); luminescence phenomena are related 
to the secondary emission of photons upon energetic transitions 
of electrons in the sample whereas, in contrast, the BSE signal 
is due to elastic scattering of incident-beam electrons. 

According to our cautious estimates, hundreds of thousands of 
BSE images of zircon have been taken in the past two decades; 
and hundreds of them have been published in international peer-
reviewed journals. Until now, it has been generally assumed that 
internal variations of the BSE intensity within zircon single crys-
tals are due to Z� variations as caused by chemical heterogeneity. 
Such Z� variations are mostly assigned to enhanced concentrations 
of higher Z elements such as Hf and U and, to a lesser extent, 
Th, Y, and Yb (e.g., Sommerauer 1976; Hanchar and Miller 
1993; Benisek and Finger 1993; Hanchar and Rudnick 1995; 
Hartmann et al. 1997; Guan et al. 2002; Crowley 2003), but have 
also been interpreted to be caused by the incorporation of lower 
Z species such as water, Ca, and P (Booth et al. 2005). Other 
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ABSTRACT

Generally, it has been assumed that signal intensity variations in back-scattered electron (BSE) 
images of minerals are mainly controlled by chemical heterogeneity. This is especially true for images 
of single crystals, where effects of different crystal orientations with respect to the incident beam on 
the observed BSE are excluded. In contrast, we show that local variations of the structural state within 
single-crystals (i.e., degree of lattice order or lattice imperfectness) may also have dramatic effects on 
the back-scattering of electrons. As an example, we present BSE images of single-crystals of natural 
zircon, ZrSiO4, whose intensity patterns are predominantly controlled by structural heterogeneity, 
whereas effects of chemical variations are mostly negligible. In the case of natural zircon, structural 
heterogeneity affecting the BSE patterns is predominantly due to heterogeneous accumulation of 
radiation damage. We attempt to explain our observations with lowered penetration and channeling 
and, thus, enhanced back-scattering of electrons in more radiation-damaged internal zones and micro-
areas. Back-scattered electron contrast of natural zircon is, therefore, considered as a special case of 
electron channeling contrast. This phenomenon seems to have been generally underappreciated in the 
discussion of BSE images of radiation-damaged minerals thus far.
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