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Introduction 
Observations of heavy-ion tracks proved quite difficult 
using a 100 kV electron microscope1 ( I ) . We have re
examined heavy-ion tracks in zircon using a new 400 keV 
high-resolution instrument. This has three advantages. 
First, the higher voltage allows a reduction in electron-
induced irradiation effects (a p). Secondly, much thicker 

portions of crystal may be penetrated, allowing significant 
improvement to the number and spatial extent of tracks 
observed. Finally, this instrument has the highest 
resolution available commercially (1.7 A), which ensures 
higher qutlity images. 
Experimental 
Gem quality zircons (ZrSi04) were irradiated with 14 
MeV/u Pb ions at GSI, Darmstadt. The dose was 
£ 10* 1 ions cm"2 parallel to [100]. Thin fragments were 
then removed from the ion entrance surface. High-
resolution images were obtained using crystals oriented 
with the incident electron beam exactly parallel to the 
track direction [100]. 
Results 

Figs. 1-3 show enlargements of three track cores. 
Facetting occurs parallel to 101II planes of zircon. Note 
that the disordered regions appear to be entirely confined 
to the core, having diameter approximately 80A diameter. 
Enlargements of dislocation cores, recorded adjacent to the 
track cores, showed terminating half-planes and it was 
apparent that the lattice displacements were large relative 
to any displacement associated with the zircon outside the 
track core. Dislocation strain fields drop off very slowly 
with distance (typically 1/R); thus any strain field 
associated with the tracks drops off rapidly with distance 

and dark-field transmission 
described in another 

(say £ 1/RZ). Some bright-
microscope images are 
contribution^). 
Discussion 
Our observations confirm directly the conclusions of 
Fleischer, Price and Walker', based on track etching and 
electrical conductivity measurements, that fission or 
heavy-ion irradiation damage is confined essentially to a 
50-100 A core region of atomically-disordcrcd structure 
with virtually no damage outside this region. The present 
observations refer only to the high energy portion of the 
track; we expect that evidence for cascades (displacement 
damage) may finally be found in the relatively short low 
energy portion of heavy-ion tracks. Sectioning 

techniques are presently being developeJ to this end. 
The total number of atoms involved in a track core 

(140 urn leng'h, 80 A diameter) is 6.4 x 10 9 , which share the 

iota! energy of - 14 MeV/u = 2.9 GoV. Thus an average of 
4.53 eV per atom of core has been dissipated. This figure is 
typical of activation or displacement energies for ions in 
ceramic crystals like zircon. Overall, the available energy 
is reasonably-well accounted for by the assumption that 
the track crore has simply undergone a crystalline -» glass 
phase transition. 
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