
Anomalous apatite (U–Th)/He
ages vs fictional track annealing

PAUL F. GREEN, IAN R. DUDDY

Geotrack International Pty Ltd., Melbourne, Vic., Australia
(mail@geotrack.com.au)

An increasing body of evidence shows that in samples with
apatite fission track (AFT) ages older than !100 Ma, apatite
(U–Th)/He ages are commonly much older than expected on
the basis of the thermal history derived from the AFT data. While
originally considered as representing problems with the (U–Th)/
He system (e.g., Crowhurst et al., 2004; Lorencak et al., 2004).
Hendriks and Redfield (2005) recently suggested that incompati-
ble apatite (U–Th)/He and FT ages from Fennoscandia could
be explained by ‘‘radiation enhanced’’ fission track annealing at
low temperatures. In this interpretation, AFT ages from the
region are regarded as anomalously young, not providing a reli-
able measure of the thermal history of the sampled rock.

A compilation of AFTA data and (U–Th)/He ages in apatites
from a varied suite of samples illustrates the disparity between the
two systems, and show that the degree of inconsistency becomes
increasingly pronounced as the product of the uranium content
and the measured FT or He ages increases. Significantly, in low
uranium apatites the two techniques give much more consistent
results.

In order to identify the source of this disparity, we analysed
apatites from a setting where AFTA and (U–Th)/He data in high
and low uranium apatites having shared a common history can be
directly compared, within a setting constrained by independent
evidence. Measured (U–Th/He ages in high uranium apatites
are clearly anomalous, these apatites retaining He at temperatures
where accepted diffusion systematics suggest all He should be lost.
We conclude that inconsistencies between AFTA and apatite (U–
Th)/He dating arise because of a change in the helium retentivity
of apatite as the accumulated radiation dose within the crystal lat-
tice increases, and suggest that apatite (U–Th)/He studies should
routinely incorporate AFT data in order to monitor the (U–Th)/
He system response and to guard against the anomalous behav-
iour described here.

We see no reason to regard published fission track ages from
Fennoscandia in terms of non-thermal age reduction. Data from
other cratonic regions shows evidence for repeated cycles of burial
and exhumation, and we suggest a similar history (supported by
geological evidence) can readily explain the AFT data from
Fennoscandia.
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Mineral/melt partition coefficients for 48 major, minor and
trace elements in amphiboles, micas, garnets, clinopyroxenes,
orthopyroxenes, olivines and coexisting basanitic melts were
determined by a combination of electron microprobe and LAM
ICP-MS. The mineral and melt (glass) phases were produced in
experiments that were primarily intended to replicate conditions
of garnet lherzolite saturation on the liquidus of a primitive neph-
eline basanite (UT-70489) from Tasmania, Australia (1200 !C and
2.6 GPa) (Adam, 1990); but they were also used to investigate a
broader range of conditions from 1025 !C and 1.0 GPa to
1190 !C and 3.5 GPa. With few exceptions, the measured parti-
tion coefficients can be parameterized as functions of cation radi-
us, cation valence, the radius and elastic properties of the host
cation site, and the electrostatic properties of the host cation site.
The latter properties are themselves functions of crystal structure
and composition; they can be systematically related to pressure,
temperature and H2O concentration in the melt phase.

Our findings are consistent with previous studies of the effects
of lattice-strain and electrostatic potentials on partition coeffi-
cients (Blundy and Wood, 1994; Wood and Blundy, 2001; Blundy
and Wood, 2003). However, the size and scope of our data set has
enabled us to more closely interrelate the effects of physical con-
ditions and mineral composition on the properties of individual
crystallographic sites, and thus also on partition coefficients. We
are also able to provide and evaluate partition coefficients that
are specifically relevant to the origins of the Bow Hill nepheline
basanite magma. This enables unusually close constraints to be
placed on the source characteristics and melting processes respon-
sible for the production of a basanite magma.
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