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Effect of orientation on ion track formation in apatite and zircon

WEIXING L1*-f, PATRICK KLUTH?, DANIEL SCHAURIES?, MATIAS D. RODRIGUEZ?, MAIK LANG',
FUXIANG ZHANG', MAXIM ZDOROVETS?, CHRISTINA TRAUTMANN* AND RODNEY C. EWING"S+

"Department of Earth & Environmental Sciences, University of Michigan, Ann Arbor, Michigan 48109-1005, U.S.A.
“Department of Electronic Materials Engineering, Research School of Physics and Engineering, The Australian National University, Canberra,
ACT 0200, Australia
SInstitute of Nuclear Physics, and The L.N. Gumilyov Eurasian National University, Astana, 010008, Kazakhstan
4GSI Helmholtz Centre for Heavy lon Research, 64291 Darmstadt, and Technische Universitit Darmstadt, Germany
*Departments of Materials Science & Engineering, and Nuclear Engineering & Radiological Sciences, University of Michigan, Ann Arbor,
Michigan 48109-2104, U.S.A.

ABSTRACT

Fission track (FT) thermochornology is essentially based on empirical fits to annealing data of FTs
revealed by chemical etching, because, until now, unetched, latent FTs could not be examined analyti-
cally at the atomic-scale. The major challenge to such an analysis has been the random orientation
of FTs and their extremely small diameters. Here we use high-energy ions (2.2 GeV Au or 80 MeV
Xe) to simulate FT formation along specific crystallographic orientations. By combining results from
transmission electron microscopy (TEM) of single tracks and small-angle X-ray scattering (SAXS)
for millions of tracks, a precise picture of track morphology as a function of orientation is obtained.
High-resolution analysis reveals that orientation affects the shape of tracks in apatite and zircon through
the preferential creation of damage along directions with highest atomic density. However, track radius
does not depend on orientation, contradicting previous reports. Independent of track orientation, track
radii, as measured at each point along the entire length of 80 MeV Xe ion tracks in apatite, can be
understood using the thermal spike model of Szenes. Thus, the well-known track annealing anisotropy
of apatite is not due to track radius anisotropy. The combination of ion-irradiations with TEM and
SAXS analysis provides a unique opportunity to understand and model track formation and annealing
under various geologic conditions.
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