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Editor's Notes

The past few months have seen a number of
important meetings, most noteworthy of which was
the fission-track workshop held in El Puerto de
Santa Maria (Cadiz) in Spain. Although  primarily
intended as a European gathering, participants from
Australia, North and South America gave the
meeting a truly international flavour, and
highlighted the need for regular dedicated
workshops. In MAKING TRACKS IN THE MONASTERY
Tony Hurford presents a review of the Cadiz
workshop. | attended this meeting and thoroughly
enjoyed the camaraderie and willingness to freely
exchange knowledge and experiences. Such
community spirit continues in this issue of On Track.
First on offer are three new sources of software.
From Australia we have an updated Maclntosh
version of Rod Browns MacTrack program used by
many to calculate and plot their age data. An
alternative age calculation and plotting program,
TrackKey, has been freely available for some time
from Istvan Dunkl who now offers us another

program for age component analysis. On the same
theme Mark Brandon reports on an upgraded
windows version of his BINOMFIT program.

There is widespread collaboration amongst the FT
community but how much interaction is there with
other branches of science? Raymond Jonckheere
and Luis Chadderton in their article BACK TO BASICS
highlight how little we (the FT community) have
collaborated with physicists whose knowledge of
complex atomic systems are key to advance
understanding of track formation and behaviour,
and ultimately future refinement of track annealing
models. There is without doubt a strong case for
going back to basics in track research and | would
urge us all to take note of Raymond's plea.

An area where there is a history of cross disciplinary
collaboration is landscape geomorphology. In his
article entitled RIFTED MARGINS, FISSION TRACKS, AND
LANDSCAPE EVOLUTION MODELS Peter van der Beek
considers the role of low temperature
thermochronology and looks at where future
research is heading. Peter is uniquely placed in this
regard since he has a foot in each camp - he runs a
fission track laboratory and develops numerical
models for landscape evolution. Numerical skills are
not my strong point and if the truth be said nor is it
for many and yet we routinely use statistical models
whether for assessing the quality of our data,
extracting age components, or modelling age and
track length data. Annealing models have become
an integral part of the data interpretation process
and recently new descriptions have been published
for different apatite compositions but we still lack a
basic kinetic model built on sound physical
processes. The closest to this is Carlson's model
published in American Mineralogist back in 1990. In
their article entitted CARLSON'S LAW: A FORMAL
COMPARATIVE STUDY WITH RESPECT TO LASLETT'S LAW
Radid et al, make a numerical comparison between
Carlson's physical model and the widely used
Laslett '87".

| hope you find these articles informative and
thought provoking. If there are issues arising from
these articles or if you have general concerns that
you want to sound out with the FT community there
is the web-based fission-track discussion group
FISSION-TRACK@jiscmail.ac.uk If you do not
already belong to this group you can sign up at;
http://www.jiscmail.ac.uk/lists/FISSION-TRACK.html

Finally,Ed Sobel has gallantly offered to take over
editorship of On Track. So for the next issue, due in

January, please forward him your news, gossip,

address changes and most importantly, articles. Ed's
email address is: sobel@rz.uni-potsdam.de

[Andy Carter]


http://www.jiscmail.ac.uk/lists/FISSION-TRACK.html

Short Tracks

Cornelia Spiegel arrived at the University of
Melbourne in April for two years of post-doctoral
studies. Cornelia recently completed her PhD thesis
on the exhumation history of the Central Alps, using
detrital zircon fission track age data at the University
of Tuebingen. Whilst at Melbourne Cornelia will be
working on the low temperature annealing
behaviour of apatite and on projects being
undertaken by the Melbourne Group.

Robin Clayton has joined the London Group to run
the (U-Th)/He facility. Robin is an isotope
geochemist and has previously worked in Sweden
and Germany

Matthias Bernet started a two-year postdoctoral
position in June at University of Canterbury, New
Zealand. Matthias completed his Ph.D. thesis in
May at Yale University on the use of detrital FT
thermochronology to study the exhumational history
of the Alps. He was jointly supervised by Mark
Brandon and John Garver (Union College). At
Canterbury, he will work with Prof. Kari Bassett on
the use of cathodoluminescence for provenance
analysis.

Frank Pazzaglia and Mark Brandon will receive
the 44th Kirk Bryan Award at the 2002 National
Meeting of the Geological Society of America, in
recognition of their paper: Pazzaglia, F.J., and
Brandon, M.T., 2001, A fluvial record of long-term
steady-state uplift and erosion across the Cascadia
forearc high, western Washington State: American
Journal of Science, v. 301, p. 385-431. The paper
was note as an outstanding example of the
integration of fluvial geomorphology and fission-
track dating in the study of active tectonic
processes.

The Special Issue of Tectonophysics entitled "Low
temperature thermochronology: from tectonics to
landscape evolution", edited by Barry Kohn and
Paul Green appeared on 6 May, 2002 as Volume
349 (1-4). The volume contains 18 papers and
arises from a selection of presentations made at the
9th International Conference on Fission Track
Dating and Thermochronology held at Lorne. Titles
of these papers are listed in the recent publications
section.

Meetings

THE 10th INTERNATIONAL CONFERENCE ON
FISSION TRACK DATING AND
THERMOCHRONOLOGY will be hosted in

Amsterdam, The Netherlands in 2004. The planned
date for the conference is August 8-14". More
information will be given later on this year.

GEOLOGICAL SOCIETY OF AMERICA, ANNUAL MEETING
DENVER October 27"-30" 2002. Topical session T111
is entitled DETRITAL THERMOCHRONOLOGY-DATING OF
EXHUMATION AND LANDSCAPE EVOLUTION IN MOUNTAIN
BELTS. Session convenors Matthias Bernet and
Cornelia Spiegel

THE 21% INTERNATIONAL CONFERENCE ON NUCLEAR
TRACKS IN soLIDS will be held in New Delhi, India
during October 2002. Further details can be obtained
from; http://www.nsc.ernet.in/conf/icnts21/ntis21.main.html

AGU FALL MEETING 2002, SAN FRANSISCO

Special session T06 convened by Ed Sobel and
Douglas Burbank is entitled -TOPOGRAPHY,
EXHUMATION, AND OROGENIC STEADY-STATE. This
session will examine the development of the steady-
state orogen. How do we recognize a steady-state
orogen at present or in the geologic record? What are
the factors which favor or hinder the development of
such an orogen? How do climate and lithology
influence the time scale required to reach steady-
state? We encourage submissions which focus on the
topographic or exhumation history of an orogenic belt.
Both numerical modelling studies of landscape
development and field-based studies utilizing methods
such as geomorphology, remote sensing, and
thermochronology are appropriate. Contributions
utilizing fission track data to address this topic are of
particular interest!

Abstract submission deadlines are; 29 August for
abstracts not submitted electronically and 5"
September for electronic submissions.

For further information contact the convenors:

Edward Sobel,

Institiit fir Geowissenschaften, Universitat Potsam,
Postfach 601553, D-14415 Potsdam, Germany.

Email: sobel@rz.uni-potsdam.de

Telephone: (+49) 331-977 5403

Fax: (+49) 331-977 5060

Douglas Burbank,

Department of Geological Sciences, University of
California, Santa Barbara, , Webb Hall Rm 2116,
Santa Barbara CA 93106 USA

Email: burbank@crustal.ucsb.edu

Telephone: 805-893-2586




A GSA Penrose conference on “Tectonics,
Climate, and Landscape Evolution” will be held
on January 13-17, 2003, in Taroko National Park,
Taiwan. Conveners are Sean Willett, (U
Washington), Niels Hovius (Cambridge U), Mark
Brandon (Yale U) and Don Fisher (Penn State U).
The conference will be held in Taroko National
Park, Taiwan. Cost of the five-day conference,
including room and board, is expected to be less
than $850. An optional four-day field trip will be
offered from January 9-12, providing a full cross
section across the Taiwan orogen. Cost for that trip
is expected to be less than $500. We anticipate
funds will be available to help subsidize the costs
for graduate students.

Potential participants should send a letter of
application before September 1, 2002, to one of the
conveners, including a brief statement of interests
and relevance of the applicant's work to the
conference topic, as well as a short abstract of work
to be presented at the meeting, if desired.
Attendance is limited to 80 persons, although we
hope to attract the participation of a broad range of
earth and atmospheric scientists. Graduate students
are encouraged to apply. Further information is
available at ;
http://www.geosociety.org/profdev/penrose/03-
taiwan.htm.

EVOLUTION OF THE EARTH'S SURFACE - A two day
meeting at the University of Glasgow is to be held
on April the 15™ and 16" 2003 to consider the rates
and timing of surface processes. The meeting will
focus on the applications of mineralogical, chemical
and isotopic techniques to understanding
mechanisms and quantifying rates of denudation of
the Earth's surface. The emphasis will be on
understanding how processes operating at the
present-day have moulded the surface of the Earth
and how these processes operate on other planets,
in particular Mars. The main themes are;

1.Tempo and timing of surface processes with
emphasis on determining rates of uplift and
erosion using low temperature
thermochronometry techniques including;
Fission-track
(U-Th)/He dating
Cosmogenic isotopes
(Keynote speakers Tibor Dunai and Paul
Bierman)
2. Weathering and global chemical fluxes
3. Development of planetary surfaces

be
or

from
email:

obtained
by

Further information can
http://www.minersoc.org/
leemarti@earthsci.glas.ac.uk

IN APRIL 2003 EGS AnND EGU will organise a
combined conference in Nice, France. Several
sessions are now being prepared that might be of
interest for scientists using fission-tracks and other low
temperature geochronological tools. If you are
interested please visit the website;
http://www.copernicus.org/EGS/EGS.html

SECOND LATIN AMERICAN SYMPOSIUM ON NUCLEAR
TRACKS, SAO PEDRO, BRAZIL, FEBRUARY 23-28, 2003.
The first circular for this international meeting is now
being distributed. The deadline for abstracts is 15"
November 2002.

ITALIA 2004, 32"° INTERNATIONAL GEOLOGICAL
CONGRESS, FLORENCE, ITALY, 20-28™ AuGcusT 2004.
The first circular for the 32™ IGC conference is now

available  with  details on the web at
http://www.32igc.org
Relevant  symposia  include Geomorphology,

Geodynamics and Isotope Geochemistry. Those
planning on attending should complete an electronic
guestionnaire on this website by August 31, 2002.

: Evolution of the Earth’s surface

:nn-lmifl_ﬁ':.!_ﬂ' SUrface processes
Vieatherng, chemical fluxes and climate
Developmant of planetary surfaces




RIFTED MARGINS, FISSION TRACKS, AND LANDSCAPE EVOLUTION MODELS:
A HAPPY “MENAGE A TROIS” ?

Peter van der Beek <pvdbeek@uijf-grenoble.fr>

Laboratoire de Géodynamique des Chaines Alpines
Université Joseph Fourier
BP 53, 38041 Grenoble, France

Rifted continental margins have been in the
picture of the fission-track community for
nearly two decades, and a large number of
studies have been devoted to studying the
patterns of denudation on the rifted margins of
all five continents. At the same time, numerical
landscape evolution models have taken a lot of
interest in the geomorphic development of
rifted margins. These are the first structures
where the different efforts of trying to
understand the interplay between tectonic and
erosional forcing on landscape development
have been more or less integrated. In this
modest contribution, Il try to use the
developments within both the fission-track and
in the modelling communities that study rifted
margins to illustrate how integration of fission-
track data and numerical models can help us
to understand landscape evolution, and what
are the difficulties we face at present.

So, what’s so
margins?

interesting about rifted

Good question ... well, for one they are large
structures and relatively simple ones as well.
High-elevation rifted margins, which are the
ones that interest us, are characterised by an
upland region, an escarpment, and a coastal
strip. The questions surrounding them are
relatively simple: what is the tectonic
significance of the escarpment, when did it
form, do these margins necessarily indicate
rift-related tectonic uplift, how do they evolve?
Rifted margins do not show the tectonic
complications (thrust sheets and so) on that
characterise orogenic mountain belts. One can
therefore hope that relatively limited databases
(around 100 samples?) are representative of a
relatively large area, although ... see further
for some examples where things may not be
so simple and lateral variations in margin
evolution may be important. Moreover, the
amounts of denudation that characterise rifted
margins are in the order of a few km and

therefore well suited for studies using fission-
track data, whereas in many active orogenic
belts higher-temperature systems are required,
apatite fission-track ages often being << 1 Ma.
Finally, the interaction between tectonics and
erosion on rifted margins is relatively simple:
there may have been a pulse of syn-rift uplift,
after which the response to denudation
appears to be purely flexural isostatic. This
makes the numerical models for landscape
development on rifted margins relatively
simple, compared to those used for
compressional orogens (see, for instance,
Beaumont et al., 2000).

Conceptual “models” of the early days:
erosion cycles

Of course, we haven’t started thinking about
the evolution of rifted margins only 15 years
ago. Already at the end of the 19" century,
Eduard Suess and especially W.M. Davis
proposed a theoretical framework in which the
geomorphic development of rifted margins was
to be cast for nearly a century. Within their
concept of “erosion cycles”, rifted margins (as
all other parts of continental interiors) were
suggested to evolve through pulses of rapid
tectonic uplift followed by long periods of
erosional downwearing and “aging” of the
landforms.  This would lead to the
establishment of planation surfaces that could
be dated by correlating them with offshore
sequences or by directly dating deposits or
alteration products associated with them. In
the 1950’s, South African Leister C. King
adapted the Davisian ideas to involve the

creation of planation surfaces through
escarpment retreat rather  than by
downwearing. Although King vehemently

attacked Davis in his writings, he really only
suggested another mechanism by which
planation surfaces would form and left the
whole “erosion cycle” framework intact.



The paradigm of erosion cycles and planation
surfaces has proved very influential and long-
lived. The concept is still at the base of the
geomorphic literature that is currently being
embraced by geodynamicists studying vertical
motions through time of regions like southern
Africa and north-western Europe. However,
although the existence of flat landscape
elements that can locally be dated is not
debated, the correlation of these remnants and
the notion that they were initially horizontal
(two necessary assumptions to use them to
establish uplift and denudation chronologies)
are pretty  controversial. See Mike
Summerfield’s introduction to his
“Geomorphology and Global Tectonics” book
for a more detailed outline and critique of the
erosion cycle approach.

What have fission tracks taught us?

The first fission-track studies of rifted margins,
in the mid-1980’s, focussed on the timing of
margin uplift with respect to rifting, hoping to
use the results as an argument in the “active
vs passive” rifting debate that had been
opened up in the 1970’s by Burke and Sengdr.
These first studies in SE Australia and along
the Red Sea showed that apatite fission-track
ages were generally equal to or younger than
rifting on the coastal strip seaward of the
escarpment, and much older inland (Figure 1).
This indicated that several km of denudation
(and uplift?) had taken place since the onset of
rifing on these margins, and therefore
favoured a passive rifting mechanism. The
fission-track data also clearly showed that the
patterns of denudation at rifted margins are
incompatible with the conceptual “rift margin
monocline” model that was based on the
correlation of planation surfaces inland and
outboard of the escarpment with offshore
sedimentary sequence boundaries (e.g.,
Brown et al., 2000).

Of course, once we started digging a bit further
and more data came out, things became more
complicated. First, not all rifted margins are so
well-behaved. Extensive fission-track
databases from SE Australia (Gleadow et al.,
1996) and SW Africa (Brown et al., 2000) show
significant lateral variations, with notably some
inland regions that show young (syn-post rift)
apatite fission-track ages. It is not very clear

what these mean, other than some
denudational response to tectonic reactivation
of ancient crustal structures.

Secondly, as everybody knows by now (but it's
still useful to repeat) ... fission tracks do not
record uplift but cooling! The fact that fission-
track ages seaward of the escarpment are
younger than rifing only shows that
(presumably denudation-controlled) cooling of
that region post-dates rifting. The mechanism
driving denudation of the coastal strip is simply
the increase in local relief imprinted by rifting; it
does not require uplift of the margin at all.
Flexural backstacking of the amount of
overburden removed from the margin may
indicate whether it has undergone rift-flank
uplift (e.g., van der Beek et al., 1994) but these
inferences depend strongly on the flexural
model that is chosen. Actually, the fission-track
data do not exclude pre-rift uplift provided it's
wavelength was sufficiently long to not

increase relief and denudation rates very
much.
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Figure 1. Topogaphic profiles and apatite
fission track ages across six rifted margins.
Yes, | know you’ve seen this figure a hundred
times before ... (this is Yanni Gunnel’s version;
Gunnell, 2000). The grey bars in the AFT age
plots indicate the timing of break-up



Finally, in some regions the amounts of
denudation inferred from the fission-track data
have been in serious disaccord with the rates
of landscape change inferred from
geomorphologic studies. This point has notably
raised a 10-year long controversy in SE
Australia (see Kohn and Bishop, 1999, for a
recent review). Of course, the amounts of
denudation inferred from apatite fission-track
data are dependent on the geothermal
gradient which is usually (let’s face it) guessed.
On the other hand, the spatial and temporal
scales to which the fission-track and the
geomorphological studies pertain are often not
the same, and the disagreement may have
more to do with unwarranted extrapolation of
results than with a real discrepancy.

Early studies suggested that the fission-track
data could actually record syn-rift heating and
post-rift  cooling together with limited
denudation. Several numerical analyses have,
however, pointed out the impossibility of
sufficiently heating the upper few km of crust in
a rifted margin by lithospheric thinning or even
magmatic underplating, so that this way out of
the problem is not on. A question that is often
overlooked though, is the nature of the
overburden and its thermal conductivity, as
well as the possibility that fluid flow systems
have operated in the past and modified the
thermal structure of the study area. In SE
Australia for instance, there is an intriguing
correlation between the youngest fission-track
ages and the areas probably formerly covered
by sediments ...

In come the numerical models...

Since the conception of the first numerical
models of landscape evolution in the early
1990’s, they have been used to study the
geomorphic development of rifted margins
(e.g., Kooi and Beaumont, 1994; Tucker and
Slingerland, 1994). They are therefore
potentially of much use in sorting out the
questions raised above, and on the other hand
the large fission-track datasets that have been
collected on different rifted margins can be
useful to constrain these models.

Numerical landscape evolution models turn
around three components: the initial and
boundary conditions imposed by tectonics, a

number of surface process algorithms, and a
tectonic / isostatic response to erosion. The
models that have hitherto been applied to rifted
margins take a simple kinematic approach to
the tectonic control; i.e. the pre-rift morphology
and syn-rift uplift history are imposed on the
model. Surface processes incorporated in the
models usually are fluvial incision and
transport, hillslope transport, and bedrock
landsliding. These are cast in terms of
numerical algorithms of varying complexity: a
diffusion law is commonly used for hillslope
transport; different mechanical and stochastic
models exist for landsliding; and fluvial
transport is often modelled using what is
known as the “stream power” law. These laws
are allowed to act on the initial landscape for a
predefined period of time, and the isostatic
response of the lithosphere to denudation may
be included using simple flexural models.
Predictions of landscape evolution models
include the present-day morphology and
drainage pattern but also the denudation
history and every point in the model, and this is
where the obvious link with fission-track data
comes in.

A problem with these models is that the spatio-
temporal scale on which erosional processes
are observed is several orders of magnitude
smaller than the scale on which the models
predict landscape development to take place.
There is thus a serious extrapolation problem
(this should ring a bell to those involved in
designing annealing algorithms). Moreover, the
surface process algorithms are necessarily a
gross simplification of the actual processes
going on in nature and the laws are therefore
difficult to calibrate. An analogy to this problem
may be the well-know “effective elastic
thickness” of the lithosphere used in flexural
models: we all use it but we know that it is
purely a model parameter, we can’t go out in
the field and actually measure “elastic
thickness”. The same is true for the
parameters used in the surface process
algorithms except that, in the case of the
elastic thickness everybody agrees more or
less on the theory behind the parameter,
whereas this is not the case for the erosion
laws. Especially for fluvial incision, there are at
least six different algorithms around, and we
are arguing which of these best describes the
processes going on in nature.



Nevertheless, the numerical landscape
evolution models can help us a lot in
conceptualising what is going on at rifted
margins and to interpret our fission-track
datasets. An example of how apatite fission-
track data and landscape evolution models can
be combined to study the geomorphic
development of rifted continental margins is
provided by a recent study of the eastern
margin of South Africa (the Drakensberg
Escarpment). A fission-track  database
including samples from two boreholes (Brown
et al.,, 2002) has shown that some 4.5 km of
overburden has been removed from the
coastal strip of this margin since break-up, with
denudation rates peaking in the early-mid
Cretaceous. The Swartberg borehole, located
50 km seaward of the Drakensberg
Escarpment, records a phase of accelerated
denudation from ~90-70 Ma B.P., much earlier
than would be expected in the case of an
escarpment retreating at a constant rate since
break-up. Brown et al. therefore propose a
model of landscape development in which any
escarpment initiated at the coast was rapidly
destroyed by rivers draining from an interior
divide just seaward of the present location of
the Drakensberg Escarpment. The present-day
escarpment developed and became pinned at

Escarpment Retreat

Plateau Degradation

-7-

this divide. A numerical model was designed to
try to simulate this behaviour and to
understand what are the major controls on
landscape development at this margin (van der
Beek et al.,, 2002). The model results show
that the pre-break-up topography of the margin
has exerted a fundamental control on
subsequent margin evolution (Figure 2): if the
initial topography is a horizontal plateau, the
margins evolves through escarpment retreat; if
the pre-rift topography included an inland
drainage divide, the initial plateau seaward of
this divide will be rapidly degraded and a new
escarpment develops at the location of the
initial  divide. Although the present-day
morphologies predicted by both models are
quite similar, the denudation histories at any
point of the margin are very different (Figure 3)
and it should be possible to discriminate
between them using apatite fission-track
thermochronology. In the SE African case, the
data clearly favour the plateau degradation
scenario; escarpment retreat plays a minor
role in the evolution of the margin. Moreover,
the models show that no large-scale uplift is
required to explain the present-day
morphology and denudation history of the
margin: passive denudation with associated
flexural isostatic rebound of a pre-existing ~2.5
km high plateau is sufficient. These model
results are in agreement with previous
modelling results from the SW African margin
(Gilchrist et al., 1994) and SE Australia (van
der Beek and Braun, 1999), which,
however, did not explicitly take
into account thefission-track database

Figure 2. 3D plots of topography and
drainage patterns predicted by the
Plateau Degradation andEscarpment
Retreat models, at 100 Ma, 60 Ma
and the present-day. The models
were designed to simulate the
evolution of the SE African
(Drakensberg Escarpment) margin.
After van der Beek et al.(2002).
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Of course, there remain discrepancies
between the inferences from the fission-track
data and the outcomes of the geomorphic
models. In general, the models have difficulty
reproducing the amounts of denudation that
are inferred from the fission-track data; they
just about predict the minimum amount
allowable by the data. Secondly, the landscape
evolution models have a hard time reproducing
the phases of accelerated denudation that are
suggested by inverse modelling of the track
length distributions. Of course, these problems
can be partly attributed to the imperfections
which still characterise the landscape evolution
models: we really do not have a decent clue on
how to incorporate lithological variations and,
maybe more importantly, the effects of climate
change through time into the models.
However, we should also continue to look
carefully at the interpretation of the fission-
track data and all the steps that come between
a fission-track age and length distribution and
a denudation history (those nasty details like
annealing  algorithms  and  geothermal
gradients), especially given the fact noted
above that geomorphic estimates of
denudation are also often somewhat lower
than what a fission tracker would come up
with. Here, the approach of simultaneously

modelling data from a vertical (drill-hole?)
profile to better constrain the denudation
histories will probably become extremely
useful, whatever Kit Johnson’s car dealer may
think of it.

What’s in the future?

This question is answered in part by what I've
written above: in order to efficiently use
landscape development models and fission-
track data together, we must continue to make
progress both on the model and the data side.
Concerning the models, we need to become
more confident about the algorithms we use
and find ways of calibrating the parameters
that enter into them, so that we can attach
some physical sense to their values. This will
involve testing the models on well-constrained
case-studies, probably on smaller scales than
those that are of direct interest to fission-track
thermochronology (let's say, the drainage
basin as a characteristic spatial scale, and 10°
years as a typical temporal scale). On the data
side, we need to continue our search for
methods that allow us to more confidently
translate fission-track data into denudation
rates, most notably try to get a better handle of
spatial and temporal variations in geothermal
gradients.




Two recent developments are particularly
exciting: the combination of apatite fission-
track data with (U-Th)/He and/or cosmogenic
data, and the development of numerical
models that take the transient disturbance of
thermal structure into account. In southern
Africa, the combination of apatite fission-track
and cosmogenic data (Cockburn et al., 2000;
Fleming et al., 1999) has clearly shown that
short-term present-day rates of denudation
and escarpment retreat (from the cosmogenic
data) are an order of magnitude lower than
those inferred from the fission-track data and
have directly inspired the development of
numerical models such as that shown in
Figures 2 and 3 that try to explain these
variations. Very recently, the first (U-Th)/He
study of a rifted margin (Persano et al., 2002)
has shown that (U-Th)/He ages from the
coastal strip of SE Australia are nearly similar
to apatite fission-track ages of the same
samples, again lending support for models of
margin evolution that include a rapid phase of
plateau degradation in the first few tens of
million years after break-up.

Finally, a new numerical model has recently
been developed that fully takes into account
the disturbance of the thermal structure of the
crust by denudation and relief development
(Braun, 2002). If we want to really compare
predictions from landscape evolution models

Cascade + Pecube Predictions
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with existing thermochronological datasets,
this is an indispensable step. As an example,
Figure 4 shows (U-Th)/He ages predicted by
escarpment retreat and plateau degradation
models similar to those shown in Figures 2 and
3. The topographic evolution was exported
from the Cascade landscape evolution model
into the thermal model Pecube, which
calculates the thermal evolution of the crust
under an evolving topography. This was then
used, together with a forward model of He
ingrowth, to predict (U-Th)/He ages across the
margin. Note the different patterns of ages that
both models predict: the Escarpment Retreat
model clearly shows ages decreasing from the
coastline to the escarpment, because the peak
of denudation migrates inland with the
escarpment (e.g. Figure 3) whereas the
Plateau Degradation model predicts less
variation in the ages on the coastal strip which
are all close to the age of break-up, as shown
by the SE Australian data. Note also that the
apatite fission-track age patterns predicted by
these models differ much less, because
samples are only exhumed from the apatite
partial annealing zone in both cases. This
example shows the importance of combining
different thermochronological datasets to study
rifted margin evolution and to constrain the
numerical models.
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Figure 4. Distribution of (U-
Th)/He ages across a rifted
margin predicted by the
Escarpment Retreat and Plateau
Degradation models. The
models that went into this
calculation are comparable to
those shown in Figures 2 and 3,
except that they were designed
to simulate the SE Australian
margin: initial elevation at 1.5 km
and rifting since 100 Ma. The
present-day escarpmentis
located at ~50 km in both cases.
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SOFTWARE FOR TRACKERS

The following short articles describe new or improved software that are available free to the FT community, pro-
vided in the spirit of collaboration. Development of new statistical protocols is a major task and the added bur-
den of writing and developing new software represents a significant amount of time investment. In addition to
to the new software described below, several people have been providing free access to their modelling progr-
ams including Dale Issler AFTINV32 (On Track 1996 No.13), Kerry Gallagher with Monte Trax (On Track
1999 No. 19), and more recently Rich Ketcham and Ray Donelik's AFTSolve program that also comes with an
excellent users guide. We should also not forget Rod Brown's Mac Track (now updated see article below)
which has been in wide use for nearly ten years. Our sincere thanks go out to all of you past, present and
hopefully, the future.

NEW SOFTWARE FROM TUBINGEN:
A REVISED TRACKKEY AND A NEW PROGRAM FOR COMPONENT ANALYSIS
Istvan Dunkl <istvan.dunkl@uni-tuebingen.de>

University of Tubingen, Germany

nents and also the criterion of the best fit calcula-
tion.

POPSHARE is developed basically for identifica-
tion of age components in single crystal data
www.uni-tuebingen.de/geo/gpi/ag- measured by fission-track geochronology on clas-
frisch/mitarbeiter/dunkl/seiten/softwares.html tic sediments. However, a general application to
treat any kind of data is also possible.

An improved version of Trackkey can now be
downloaded from the following URL:

This new version (4.2) has been written to fix

some minor bugs, calculate the "Dispersion”, (you The recent version is only for beta test. The
can create a compilation table from all your files) authors will prepare a more detailed description for
and improve the printer selection procedure. the next On Track. Meanwhile on the homepage

you will find a short guided tour on the usage and

main functions of the program.
PopShare

From the same website you can also download the
PopShare program that was presented at the
Cadiz meeting by Istvan Dunkl and Balazs
Székely.

POPSHARE is a Windows program for identifica-
tion of components in mixed data. It uses the
SIMPLEX method for the best-fit search. The user
can select both the distribution type of the compo-
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MAC TRACK X

Thermochronology Group, School of Earth Sciences

The University of Melbourne

More than ten years ago Rod Brown wrote
MacTrack, the fission track data reduction
program for the Macintosh. Although many
of us still use this version, some labs
(including ours) are now starting to feel
frustrated with its inability to run on more
recent Operating Systems. So for all those
people who are keeping that pre Power PC
running in the corner of the lab just to use
MacTrack - you can now throw it away and
move up to MacTrack X.

MacTrack X has been completely rewritten
using Java 2 (Version 1.3) so that it now
runs on the modern Macintosh system (OS
10.0 and above, OS 9 does not support this
version of Java). Theoretically, any
computer that can run Java 2 can use
MacTrack X (Windows, NT, Unix...) but in
practice small changes might be needed to
ensure complete compatibility. We don’t
routinely operate PCs so a compatible
version has not been compiled. We will
release a PC version when warranted — so
ask and you may receive.

Most of the features found in the original
MacTrack have been retained and improved
(age, zeta, length and rhoD calculation,
editing of data and images). However,
others have now been added (multi user
mode, sample locality map generation,
summary tables, MonteTrax input files,
preferences file, and a few additions
designed for The University of Melbourne
thermochronology group but others could be
adapted for use elsewhere). The application
is relatively small at 700 Kb. Some screen
captures are shown below.
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Copies of MacTrack X are available free for
educational/research use and can be
obtained by contacting Wayne Noble
wpn@unimelb.edu.au (a commercial version
is also available on request). We will
maintain a list of people who are using
MacTrack X and notify them as new updates
are released. We will also deal with bugs or
feature requests as time permits.

To use this release of MacTrack X you need
an Apple Macintosh with Operating System
10.0 and above. A Java .jar file is available
for users who wish to compile MacTrack X
for other platforms — but this is completely
untested. If you work with another system
and are interested in MacTrack X send the
details of your Operating System and we will
try to compile a native version.

MacTrack X is written in Java so it has the
potential to be expanded and incorporate
other routines. It is also our intention to add
(U-Th)/He thermochronometry data
reduction capabilities in the near future.
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DECOMPOSITION OF MIXED GRAIN AGE DISTRIBUTIONS USING BINOMFIT

Mark Brandon <mark.brandon@yale.edu>,

Department of Geology and Geophysics,
Yale University, P.O. Box 208109, New Haven, CT 06520-8109

Overview

This report describes BINOMFIT, a program
for estimating components in a mixed distribution
of fission-track (FT) grain ages. BINOMFIT has
been around for some 10 years, but we have just
finished building a Windows version that is much
easier to use and provides extensive options for
displaying and recording results. The program and
source code (Visual Basic 6) are available, along
with other FT programs, at
www.geology.yale.edu/~brandon.

Introduction

A common problem in FT dating is the
interpretation of discordant fission-track grain-age
(FTGA) distributions. Discordance is defined when
the variance of the grain ages is greater than
expected for analytical error alone. The widely
used x2 test provides the method for assessing if
the distribution is “over-dispersed” relative to the
expectation for count statistics for fission
processes (Galbraith, 1981).

Most FT-chronologists use the central age
(Galbraith and Laslett, 1993) to represent the
“estimated age” of a discordant distribution.
Implicit in this approach is that over-dispersion is
due to random errors by the FT-chronologist and
that such errors are approximately symmetrical
around the expected count ratio. My experience
with results from age standards suggests to me
that most skilled FT-chronologists have a relative
low error rate compared to the intrinsic variation
due to fission processes. The implication is that
discordance in FT dating is more commonly an
indication of a mixed distribution rather than a
poorly dated distribution.

Mixed distributions are expected for samples
that have “detrital” FT ages, such as a sandstone
with unreset zircon FT ages. In this case, the grain
ages preserve information about the cooling
history of the source region from which the zircons
were eroded, assuming that the sandstone has
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remained cool enough after
preserve those ages.

deposition to

Discordance is also encountered in reset
samples. In some cases, the discordance is
taken as evidence for partial resetting, but the
cause is more commonly due to differential
resetting of grains with different annealing
properties, due to variable composition in apatite
or variable alpha-damage for  zircon.
Heterogeneous annealing is expected for reset
sandstones given that the dated apatites and
zircons are derived from a variety of sources
(Brandon et al., 1998), but this result is also
found in some plutonic rocks as well where one
might expect that the dated mineral was more
homogeneous (O'Sullivan and Parrish, 1995).

The central age is clearly not appropriate for
mixed distributions, in that it provides only a
simple average for all grains. A better approach
is to decompose the FTGA distribution into a set
of component distributions, and to interpret the
FT results using the average ages for those
components. Various methods are available for

estimating components in a grain-age
distribution (Seward and Rhoades, 1986;
Galbraith and Green, 1990; Brandon, 1992;

Galbraith and Laslett, 1993; Sambridge and
Compston, 1994; Brandon, 1996).

In my experience, the best method for
decomposing FT grain ages is the binomial
“peak-fitting” method of Galbraith and Green
(1990). The only program available for this
method has been a DOS program, BINOMFIT,
introduced by Brandon (1992). We have used
this program extensively over the last 10 years
and have found that it works very well for real
FTGA distributions. A big advantage of the
binomial peak-fitting method is that it provides a
one-component solution that is equivalent to the
pooled age. As a result, the calculation provides
a seamless extension of the estimation method
used for concordant FTGA distributions.

In formal terms, a mixed distribution is
considered to be a mixture of a finite set of


www.geology.yale.edu/~brandon

component distributions, or components. Such
components will commonly appear as bumps or
peaks in a histogram or probability density plot, but
this need not be the case given that overlapping
components may appear as only one peak.
Nonetheless, the term peak has come to be used
as an equivalent for component.

Galbraith and Laslett (1993) introduced the
term “minimum age”, which can be loosely viewed
as the pooled age of the largest concordant
fraction of young grain ages in the FTGA
distribution. They proposed a two-component
mixture model for estimating the minimum age.
Binomial peak fitting can also be used to estimate
the minimum age of a distribution, while at the
same time providing information about older
components. The main requirement, however, is
that peak fitting must be coupled with a test to find
the maximum number of significant components in
the distribution, as discussed below.

We have found that FT minimum ages are
very useful in a variety of studies. For detrital
zircon FT studies of volcanoclastic rocks, the
minimum age is commonly a useful proxy for the
depositional age of the rock (Brandon and Vance,
1992; Garver et al.,, 1999, 2000). Likewise, the
minimum age for a tuff can remove biases due to
older contaminant grains. For reset rocks, the
minimum age represents the time of closure for
that fraction of grains with the lowest retention for
fission tracks, such as fluorapatites in apatite FT
dating (e.g., Brandon et al., 1998) and radiation-
damaged zircons in zircon FT dating (e.g.,
Brandon and Vance, 1992).

General Concepts for the BINOMFIT Program

It is useful to ask why the binomial distribution
is important for this problem. The data we
measure are spontaneous and induced track
counts for each grain, designated as r; and s; with
the index indicating the ith grain in a sample of j =
1 to N dated grains. The variables r; and s; are
Poisson distributed, but they can be converted into
a single binomial-distributed variable by the
transformation r; / (r; + s;) (Galbraith and Green,
1990). This variable can be approximated by a
Gaussian distribution when values of r; and s; are
large, which is commonly the case for zircon,
which tends to have a high track density because
of greater U content. However, as the cooling age
and U content decrease, r; and s; get small. Thus,
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the Gaussian approximation tends to breaks
down for young cooling ages, especially for
apatites, which commonly have low U content.
In these cases, decomposition methods based
on the Gaussian distribution (e.g., GAUSSFIT by
Brandon, 1992; MIX by Sambridge and
Compston, 1994) will perform poorly. The
binomial peak-fitting method provides unbiased
estimates of peak ages for track counts of any
size.

The binomial peak-fitting method is based
on the maximum likelihood method, which
means that the best-fit solution is determined by
directly comparing the distribution of the grain
data to a predicted mixed binomial distribution.
This approach is a significant improvement over
the convention least-square method, which
requires more restrictive assumptions about the
distribution of residuals.

A problem with all peak-fitting method is that
the calculation requires an initial guess of the
number and ages of the peaks in the
distribution. The user specifies the number of
peaks to be fit, and that number could be as
large as the number of grains in the FTGA
distribution. So we are left to ask, how many
peaks are significant? The solution can also fail
to converge given a poor initial set of peak ages
used to start the solution.

BIONOMFIT provides an iterative search of
peak ages and number of peaks to find an
optimal solution. The procedure we use is an
automated version of the F-test approach
outlined in Brandon (1992). For this search, we
consider a large set of trial solutions. The trick is
to organize the search and to apply appropriate
tests to find the best solution.

The quality of fit for each trial solution is
scored using the ” statistic, in a manner similar
to the conventional Xz test. The strategy for the
search is to consider successively larger number
of peaks and to use a large number of initial
guesses to ensure that for a specified number of
peaks, we have found the best-fit solution. The
initial guesses for peak ages are generated from
the probability density plot for the FTGA
distribution. The density plot is estimated using
the method in Brandon (1996), and the first and
second derivatives are used to find bumps and
humps in the plot. The probability density at
each candidate age is used to guess the



potential size of the peak. We have tried an
alternative approach, using evenly spaced ages,
but the computation takes longer and does not
provide any improvement in performance.

The next step is to iterate through an
increasing number of peaks. The first iteration
produces a single component age, with an age
identical to the pooled age and a y® value identical
to that produced by the conventional x2 test. The
next iteration finds a best-fit two component
solution using all combinations of initial peaks as
initial guesses. The best solution is the one with
the lowest Xz value. We next consider a three-
component solution, then a four-component
solution, and on.

With each iteration, we use the F test to
determine if the introduction of an additional
component has produced a  significant
improvement in the y? statistic (Brandon, 1992). In
general, one will find that the xz statistic gets
smaller with the introduction of a new component.
In part, this is due to the fact that the additional
component provides the model with greater
flexibility to fit the data. But we need to know if the
improvement in fit is large compared with the
expected random variability associated with
measurements. In other words, we want to be
assured that the additional peak is fitting signal
and not just noise.

This question is nicely addressed by the F
test. To explain, consider two solutions for m and
m+1 peaks, and the quality of those fits, indicated
by x2, and X%m+1 . The F statistic is given by
F=(m+1)( - %2ne1)/ X5 -  When F is large,
then the improvement in fit associated with the
additional peak is considered significant. The F
distribution is used to assign a probability P(F),
which is the probability that random variation alone
could produce the observed F statistic. We
consider P(F) < ~5% to indicate that the
improvement in fit is significant. Thus, we can find
the optimal number of significant peaks by adding
peaks until we get a value of P(F')> ~5%.

Using BINOMFIT

The Windows version of BINOMFIT is written
in Visual Basic v. 6.0. Most people will have to
deal only with the executable program, but | am
distributing the source code as well so that one
can inspect the methods used in the program. You
are free to modify the source code but please do
not distribute the modified version without first
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consulting with me, in order to avoid confusion
about different versions. Also | encourage
queries about problems with the program and
suggestions for improvements.

The executable version requires some
supporting DLL and OCX files. These files are
already loaded on many Windows systems since
they are used by a variety of other programs.
The Readme.txt file in the distribution package
provides information for those of you that might
be lacking the necessary support files.

Data files are constructed as simple text
files. Make sure that the files are standard
Windows-based ASCII files. If you are unsure
about the provenance of a data file, then open
the file in MS Word for Windows, edit out any
offending lines or characters, and then save as
Plain Text (*.txt). | recommend that the file
extension be set to .FTA, .FTZ, etc. depending
on the dated mineral. Note that the file extension
may not be visible since the default option in
newer versions of Windows is to hide the
extension. You can change that option or just
pay attention to the file type designation to see
the extension.

Data files have the following format:
1) Line 1: Title for data set.

2) Line 2: This line is flagged by making the
first value negative. All values on this line
should be separated by commas.

a. ZETA METHOD: Effective track density
(tr/cmz) and the relative standard error
(%) for the fluence monitor, and the
effective uranium concentration (ppm) of
the monitor standard.

b. ZMETHOD: Enter line as: -1, 0, 0.

3) Line 3: All values should be separated by
commas.

a. ZETA METHOD: Zeta factor (yr
cm?/tr), standard error (yr cm?tr),
counter square size (sz)_

b. Z METHOD: Z factor (yr), standard error
(yr), counter square size (cm?).

4) Line 4 and on: For each grain, enter the
measured spontaneous and induced tracks,
and the number of squares for the area
counted. Data values can be separated by
spaces or commas.



5) To merge another dataset, repeat lines 2 and
on.
6) A semicolon in the first space marks the line as

a comment. The program skips comments
and blank lines.

The methods described here follow Hurford
and Green (1983). The zeta method is the most
widely used, but there are some cases where the
method is needed (such as when an age standard
is used as a fluence monitor). The program can
handle up to 1000 grain ages, so size limitations
should not be problem.

The program comes with some example data
files. We focus here on MTTOM.FTZ, a detrital
zircon FT sample from Mount Tom in the Olympics
Mountains (Brandon and Vance, 1992). We start
the program and use the file menu to open the
data file. The program comes up with a window
showing a list of initial guesses for peak ages. The
user is free to remove (i.e., “uncheck”) specific
peak ages from the list. The user then indicates
the mode for the calculation. Automatic mode is as
outlined above. Manual mode allows the user to
specify a limited set of initial peaks ages, and to
solve for that number of peaks only.

# BinomFit - C:\BC7',FT,IGOR BinomFit_Igor',MTTOM.| - ﬂ
Fil= ¥iew Help
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Peak  Peak Age Theta  Frac., % Count |Peak[ta) E8% Cl 9531 WIZl  Frac X SE % Court
1 443 0.591 36.5 17.91 1858 A3.+10 A.8..+20 0.20 291 6.6 14.3
2 [SIE] 0.665 301 14.76 534 17417 -3.3..435 017 B6.8 6.8 327
3 2.7 0728 13.8 B.75 | 1766 -201.+227 S2.4471 020 41 28 20
4
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E 5 5 Estimated width of peaks in PD plot in £ units: 013
3
:& 4 4 Degrees of freedom for fit: 44
éo, Log-ikelihood for best fit - -226.472
o 3 3 Chi-zquared valus for best fit : B1.732
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Condition nurber far covar matris : 3705
I ] Murnber af iterations : g
10 20 41 20 160
FT grain age (d) ReCalculate Fieset Fieload
Probability-0 ensity Flot with Best-Fit Peaks 742372002 |3:50 &M

The automatic option is followed
immediately by the best-fit solution (Figure 1).
The bestfit peaks are reported by age,
uncertainty, and size. The uncertainty for the
peak age is given at 68% and 95% confidence
intervals. The size of the individual peaks is
reported as a fraction (in percent) and as a
count (number of grains). Note that peaks sizes
are constrained so that they all sum to 100%.

The “Grain Ages” plot (lower left in Figure 1)
shows a vertical line for each grain age,
organized according to its position in the file.
The best-fit peak ages and 68% confidence
intervals are plotted horizontally across the plot.
The cursor can be used to find grains according
to age and position in the file, by placing the
cursor over the grain line and looking at the
results in the status bar at the bottom of the
program window. Right-clicking the cursor brings
up a window where the user can remove the
selected grain age or copy the plot to the
clipboard, for pasting into another application.

Figure 1.
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Best-fit solution for the Mount Tom zircon FT sample using automatic mode.



The toolbar or view menu can be used to
select other reports on the data, including a
probability density plot of the data and the best-fit
peaks (Figure 2), a radial plot showing data and
best-fit peaks (Figure 3), and a P(F) plot (Figure
4), which summarizes the results of the F tests
used to determine the number of significant peaks.

Probability-Density Plot with Best-Fit Peaks
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Figure 2. Probability density plot (red line) with
best-fit peaks plotted using blue lines for the
Mount Tom FT zircon sample. The histogram in
the background is scaled to the same density as
the density plot.
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Figure 3. Radial plot for the Mount Tom FT zircon
sample.
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Figure 4. F test for Mount Tom zircon FT
sample.

The P(F) plot is useful as a summary of the
search, the details of which can be found in the
Log File, available in the View menu. The peak
search determined that the 3 peak solution was
optimal, but note that the 4 peak solution failed
by only a faction of a percent, with P(F) = 5.7%.
Adding additional peaks manually indicates that
the 5 peak solution has P(F) = 100%. Thus, we
can say with confidence that the number of
significant peaks is definitely more than 2 and
less than 5. Note that this ambiguous result is
unusual. More commonly, we find that P(F) rises
rapidly across the 5% threshold.

The Print option in the File menu will send
a full report of grain ages, best-fit solution and
plots to a designated printer. The Save option
in the File menu allows the user to save plot
files, which can be imported into a graphics
program (e.g., Excel, SigmaPlot) to prepare
formal plots for publication. Plot files are
available for probability density plots, radial
plots, and P(F) plots. Data file can be saved as
well, to account for when the file is modified in
the program, due to removal of grain ages or
merging multiple data files.

In closing, | note that the program presently
lacks a Help file. | am hoping to have this
available within the next couple of months. The

program should be fairly intuitive for the aver-
age user.
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BACK TO BASICS?
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There are significant milestones in the develop-
ment of fission-track dating and apatite tempera-
ture-time path modelling. Selection of apatite, track
length measurements, use of confined tracks, ap-
plication of external detectors, adoption of the -
calibration, and the recognition of chemical com-
position effects are some of them. But the devel-
opment of a practical algorithm for calculating
thermal histories in the late eighties was probably
the most significant breakthrough for apatite fis-
sion-track modelling. This was made possible by
the use of empirical equations to describe iso-
thermal annealing, and by adoption of the principle
of ‘equivalent time’, permitting the big step to be
made from constant to variable temperatures, and
application of the corresponding annealing equa-
tions to ‘real’ geological situations. Never-theless a
fundamental contradiction remains! Abandoning
the search for a deeper understanding of track
registration and recovery physics, in favour of em-
pirical annealing equations, implied that we simply
supposed a fission track, in our zeroth-order
model, to be a complex and unspecified aggregate
of unknown crystal defects. This de facto recogni-
tion of our inadequate understanding of the be-
haviour of a complex atomic physical system at
the time was perfectly reasonable. The central
principle of equivalent time, on the other hand, is
derived from the ‘independent pathway’ hypoth-
esis, which states that a fission track has no mem-
ory or identity apart from its etchable length. How-
ever different their histories, two tracks of the
same length will show identical behaviour under
the same conditions!. The ‘independent pathway’
hypothesis is as wide ranging in its implications2

N

This formulaton is certainly not entirely supported by the ex-
perimental evidence. But for modelling purposes it suffices
that the principle of equivalent time applies to the mean
length of a statistically sufficient ‘single-length’ population of
tracks (defined as a population with a common age and
thermal history). A closer look at the principle of equivalent
time in the context of general statistical validity would clearly
be worthwhile.

2 In its less than rigorous formulation, the ‘independent path-
way’ hypothesis can be interpreted to imply the identity of
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as it is beautiful in its simplicity3. But it does claim
a fundamental understanding of fission tracks that
is difficult to reconcile with an empirical approach4.
And it must be argued in physics that no two /atent
tracks could possibly be identical, since the true
compound ranges and the ‘straggling’ of fragments
differ fundamentally due to the natural spread in
both mass, energy and charge in fundamental bi-
nary fission.

Subsequent developments in apatite temperature-
time path modelling have been characterised by
the search for a better understanding of anisotro-
pic and compositional effects, and the develop-
ment of more efficient algorithms. This has, how-
ever, taken place within the framework of a self-
contained empirical system disconnected from re-
lated fields. The result is a concept suspended
somewhere between physics and geology, but
lacking a bridgehead at either end. At the interface
with physics, there is little more than a consensus
that fission tracks are particle tracks produced by
the fragments set free by nuclear fission of
uranium. Indeed many physicists are even un-
aware that the geological etched fission track con-
sists of two tracks — due to light and heavy frag-
ments — and is therefore a sum of two etched
‘ranges’, each with an intrinsic deficit (‘etched’ as
opposed to ‘Iatent’)5. At the interface with geology,
there is a noticeable lack of resonance between
fission-track annealing results and those obtained

fossil and induced tracks of the same mean length. Herein
lies the justification for applying annealing equations derived
from experiments on induced tracks to the annealing of fossil
tracks on a geological timescale.

3 Fission track annealing in general is described by: dI/dt = F(l,
T( )), with | = length, t = time and 0 < <t (t=0 corresponding
to a point in time before the onset of effective track accumu-
lation), whereas fission-track annealing with equivalent time
is simply described by: dl/dt = F(l, T(t)).

4 There is indeed experimental support for the principle of
equivalent time within a limited range of lab annealing condi-
tions but in our view this is not suffcient to warrant its appla-
cation to annealing on a geological timescale.

SA physicist’s track is just that — one fragment — one trajectory
— one track.



using independent, classical methods. This is
sometimes interpreted as proof of the superior
power of modern physical methods. We find some
irony in this, because as the instances of unsus-
pected and uncorroborated kilometer-scale uplift in
diverse tectonic settings worldwide accumulate,
the gap between fission-track and classical geol-
ogy widens, confusion increases and - let’s face it
- our confidence is the casualty!

It is futile to try to capture the moral high ground by
criticising a system that others have struggled to
construct. It is also too simple to wave the banner
of interdisciplinary research in support of efforts to
re-connect fission-track modelling with track phys-
ics and classical geology. The fact is that it is
hardly likely that a new theoretical basis for fission-
track modelling will be (re)constructed ab initio in
the short term. However, a better understanding of
the formation, structure and properties of fission
fragment (and energetic heavy ion) tracks gener-
ally will at least set qualitative limits to the inter-
pretation of our data, and could well lead us to
those atomic scale processes which produce ob-
served track changes over geological periods of
time. It is also a fact that, although temperature-
time path modelling has on occasion produced
results that are not supported, or even in conflict
with the independent geological evidence, this has
not until now led us to question the principles of
the method. Perhaps this is because contradic-
tions are difficult to resolve. And absence of evi-
dence for an event is never formal acceptable evi-
dence against it. It is also much simpler to recon-
cile different geological interpretations than to
question the physical method. But the geological
evidence does itself set limits to the interpretation
of our fission-track results.

We briefly discuss some aspects of apatite fission-
track modelling which lie ill-at-ease with us. We
ask questions and, where we can, we try to point a
way.

Spikes

The ion explosion spike has long been the fa-
voured geological track formation model. Of
course we have been aware of the thermal spike,
the thermalised ion explosion spike, core plasma,
Orsay and CBK models — but have considered
them less successful overall. Those who have
taken an interest, will have accepted the correla-
tion with [dl/dx]; and the distinction between insu-
lators and conductors as arguments in favour of
the ion explosion spike. Other explanations and
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the later demonstration of track registration in
metallic glasses and metals, and non-registration
in some insulators, have received less attention.
The subject has grown complex, and we lost inter-
est altogether when we opted for an independent
empirical approach. The general feeling - who ca-
res? - was understandable. If the geological com-
munity had waited for consensus about what a fis-
sion track is and how it is formed, there would be
no apatite T(t)-path modelling today. But we have
created a habit. The only model presented in fis-
sion-track texts is the ion explosion spike with, at
most, a mumbled proviso leaving the distinct im-
pression that it is more intended to cover the
author against all eventualities than anything else.
In the face of that, how many of us know whether
the ion explosion spike is still considered a prob-
able track formation mechanism by specialists?

S A T B W WR A N
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Figure 1. HRTEM micrograph of the cross-section of
a 14_ MeV/nucleon Pb-jon track in zircon (from:
Bursill and Braunshausen 1991)

The ion explosion spike (like the spherical dis-
placement spike in ion implantation) predicts a
cylindrically depleted track core, surrounded by a
region rich in point defects and a gradual transition
from one to the other (like the depleted zone in a
displacement spike (Chadderton 1965)). Assuming
for a moment that the beautiful TEM cross-section
of a 14 MeV/nucleon Pb-ion track in zircon (Bursill
and Braunshausen 1991; Figure 1) is representa-
tive of a fission track, then we have an amorphous
track core, surrounded by virtually intact lattice and
a sharp boundary between the two, which is
moreover more parallel to low-index planes than
one could expect it to be. The Pb-ion track in zir-
con is, in this, as unlike an ion explosion spike
track as a track can be. On the other hand, the



core boundaries are reminiscent of the flat inter-
faces that develop between different phases in
crystal growth, melting, dissolution, and, more fa-
miliar, in etching. Do we then accept, without fur-
ther question, that here is a clear phase transition
demarking a track, and arbitrarily extend that
model to other minerals?

The point is that we do not know but that we could
know if we cared enough about the physics of fis-
sion tracks. But does it matter? For many of us
still, it is unimportant which is the real track forma-
tion mechanism. One hundred times the core di-
ameter has been etched out before we even see a
track under our optical microscopes. The opened
channels we count and measure and the atomic
scale physical structures that are latent fission
tracks are, to all intents and purposes, different
beasts. But for most of its life a fission track is the
physical object. It is the latent track beast that re-
sponds to temperature, pressure, stress and how it
does respond depends on what it is. The tradi-
tional view of annealing has been of a depleted
cylinder being ‘replenished’ by the surrounding
interstitial atoms moving back towards the core,
over distances of several unit cells, through a
more or less intact lattice. An amorphous thermal
spike core, on the other hand, can be repaired by
outward migration of the defects through a pro-
gressively less damaged matrix. Formation
mechanism, track structure and annealing are
closely related.

Track physics has also had its bumpy ride.
Nevertheless the last decade has evidently seen
significant advances in fundamentally under-
standing (largely due to the availability of GeV
heavy ions, MeV cluster ions, artificial fragments
etc.) the very nature of the primary beast (latent
track). Instead of comparing this spike with that,
that spike with this, it is now abundantly clear, and
is rapidly becoming widely recognized, that we
must to different degrees incorporate aspects of all
the different spikes (thermal, Coulomb explosion,
plasma, and so on) into one ‘compound spike’.
Such a simple step to reality! All those physical
processes — direct heating due to Zgs, charging,
repulsion and then re-attraction of -electrons,
added heating (and still more Z;) due to a transi-
ent plasma, formation of a protective (and neu-
tralizing) electron sheath etc. — fused into one. In-
stead of comparing we now combine them. And it
is suggested that we combine them according to
simple rules associated first with the properties of
the charged projectile (well understood for fission
fragments) which do not change, and secondly
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(and much more importantly) with the unique at-
omistic properties of the target, especially defects.
In this context we are obliged to note that all purely
thermal spikes rely only on macroscopic averaged
properties of heat conduction. Surface fission
tracks are anomalous in every sense. The Cou-
lomb explosion spike dominates everything, elec-
trons and positive ions can escape into ‘vacuun?’,
there is loss of momentum, and therefore matter in
electronic ‘sputtering’.

But in annealing — in a general sense the inverse
of registration — many different repair mechanisms
are conceivable, that are not the reverse of those
involved in track formation: recrystallisation of the
original or precipitation of different, perhaps inter-
mediate phases, randomly oriented in the core,
and/or partially or completely epitaxial with sharp
track walls. We have until now perhaps also tacitly
assumed that one annealing mechanism, one
track structure (and by implication one formation
mechanism) will explain the different thermal sta-
bilities of tracks in different minerals, their aniso-
tropy and dependence on chemical composition,
and unetchable gaps, better than any other. How
much further would we be if the known track prop-
erties in apatite were anchored in a firm physical
description for fragment stopping? And how much
further still if we were to recall that phase changes
are in practice brought about by the catalytic ac-
tion of intrinsic point defects - defects unique to
each specific mineral? In this scenario the simple
phase change in zircon in Figure 1 becomes the
exception, rather than the rule. Apatite is similarly
“‘well-behaved”.

Take your pick

There is perhaps one principle more engrained in
geological fission track theory than the ion explo-
sion spike - so fundamental that it doesn’t even
have a name. We call it the ‘line-segment model’,
which states that a fission track of a given etchable
length can be equated with a mathematical line
segment of the same length. It not only explains
the relationship between volumetric and surface
track densities, but also dictates the anticipated
linear relationship between track length and track
density. There has been experimental confir-
mation, for a limited range of lengths, from an-
nealing experiments on induced tracks, but does it
also apply to fossil tracks? Well - yes and no!
Gleadow and Duddy (1981) observed a different
trend, characterised by a certain amount of length
reduction without reduction of track density. Green



(1988) later re-normalised the track densities, and
re-established the linear relationship. But this re-
normalisation is based on the premise that there
exists a linear relationship. If we were to start from
a different premise, say that there is a certain
amount of length reduction without a decrease of
track density, then the re-normalisation of the track
densities would be invalid, and the resulting, un-
altered relationship would also confirm our prem-
ise. On formal grounds, the re-normalisation
doesn’t prove, nor does Green (1988) claim, that
one is right and the other is wrong. But it does
produce the same relationship for fossil as for the
induced tracks, which is, moreover, in agreement
with the line-segment model. It didn’t have to be
so, and the result is therefore inconclusive but not
trivial. That may be, but here is a mathematical
relationship, confirmed by experiments on induced
tracks, and at least not in conflict with the data on
fossil tracks. Nevertheless, we argue that there are
two options. One, the line-segment model is cor-
rect and fossil and induced tracks anneal in the
same manner. Two, fossil and induced tracks do
not anneal in the same manner, which comes
dangerously close to questioning the principle of
equivalent time, and the line-segment model does
not apply to fossil tracks.

But why make difficulties, and on this point? The
usual commonplaces can make it sound like a
noble enterprise, but the truth is that there is much
to be gained. If the relationship proposed by
Gleadow and Duddy (1981) is right, we do not
have to invoke unidentified systematic errors,
which happen to be the same magnitude as the
length reduction, to explain why the independent
fission track ages of age standards, and other
samples of known age, agree with their reference
ages, without length correction. This also applies
to the Otway apatites: a length correction would
make them ten percent older than the titanites.
Even invoking unknown, or known, systematic ef-
fects, it still takes some explaining how the apatite
ages can be older than the titanite ages. But Ot-
way is not our immediate concern. If near-ambient
temperature annealing of fossil tracks, over geo-
logical periods of time, is indeed not the same as
laboratory annealing of induced tracks, then the
borehole data tell us that a significant length re-
duction can take place at low temperatures. This is
in fact not in conflict with a track recovery mecha-
nism based on the physics of point defect acti-
vated diffusion - slow but relentless over time.
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Figure 2. A hypothetical mechanism to account for
the difference between the mean confined track
length (I.,n) and the density-effective mean length
of surface-intersecting tracks (ls¢), proposed to ex-
plain the fact that l.¢ > |0, according to the calcu-
lated values for Durango apatite (spontaneous
tracks: ler = 16.2 £ 0.3 m; induced tracks: lg =
16.9 £ 0.4 m; Jonckheere 1995).

Yet it is an unwelcome complication, and we would
have to rethink the extrapolation of the laboratory-
based annealing equations, though it would rid us
of the world-wide recent exhumation in one stroke.
With that gone, our fission-track results would at
least now and again be in agreement with the in-
dependent geological evidence.

If there is a non-linear relationship between track
length and track density, the line-segment model
must be flawed. Gleadow et al. (1983) have shown
one way in which this could be so. A second is il-
lustrated in Figure 2. It is within the bounds of the
accepted image of tracks. A track consists of a
central etchable section, and unetchable sections
at either end, where the damage is below the
etching threshold®. If this damage is continuous

6 Here there are two physicist's tracks (one geologist’s) with
common origin, but only two ends. The physics argument would
be contrary to the view that the unetched segments are of iden-
tical length due to an etch sensitivity arising out of (a) detailed
track structure due to real differences in fundamental particle
range and straggling, and (b) subsequent differences in the
spatial density of point defects. These differences may be in-
distinguishable if there is initially a sharp crystal/amorphous
interface, and certainly if a statistical average is taken over
many measured lengths.



and sufficient to allow the formation of an etch pit,
then the effective length is not the same as the
etchable length. That ‘unetchable’ damage can
nevertheless produce an etch pit is due to the fact
that the formation of an etch pit is a result of the
defect properties of the surface, not of the track
(Jonckheere and Van den haute 1996). Even a
dislocation, the minimal form of linear damage,
produces an etch pit. Both mechanisms run into
difficulties, and we support neither of them, but
they do show that the line-segment model is not
self-evident. As with the principle of equivalent
time, we should know much more about track rev-
elation before making such a claim.

Conclusion

The separation of fission-track modelling from
physics has allowed us to construct a working
geological tool, without much interference from
physicists. It has remained comparatively simple
and has not been seriously contested. It has re-
mained in the hands of geologists and it has been
successful. But how theoretically sound is it? We
don’t know because we are disconnected from
physics. How well does it work? There isn’t that
much accord with the independent geological evi-
dence to claim that the method has proved itself.
What can we do? We can give it a nudge and see
how it stands up; this is what we have attempted
here. But we should consider going back to basics.
The superstructure is fine but the foundations may
not be solid. Reasearch on such fundamental
questions must be interdisciplinary but not expen-
sive: it is therefore not impossible to sell.
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MAKING TRACKS IN THE MONASTERY

A reflection on the European Workshop on Fission-Track Analysis held in Cadiz, Spain, June 2002.
Tony Hurford <t.hurford@ucl.ac.uk>

Dept. of Geological Science, University College London,
Gower Street, London WC1E 6BT, UK.

The former Cappuccino Monasterio San Miguel
(built in 1733 and now a hotel) was the venue for
the European International Workshop on Fission-
Track Analysis: Theory and Applications between
3“ and 7" June 2002. Situated in the town of El
Puerto de Santa Maria on the Bay of Cadiz, Anda-
lucia, Spain, this workshop was organised by Luis
Barbero (University of Cadiz) and was the succes-
sor to three meetings, initially Italian and subse-
quently more widely European, started by Gianni
Zuffa in Bologna. The Cadiz workshop drew wider
participation with colleagues from Australia and the
United States joining the Eurozone (plus British,
Swiss and Norwegian) trackers. This expansion
was, perhaps, appropriate given the location: El
Puerto de Santa Maria was the starting point for
Christopher Columbus's epic voyage to the New
World.

The themes of the Workshop centred around
methods and applications, with keynote papers by
Ulrich Glasmacher reconsidering formation and
cooling ages from alpha-recoil tracks, and your
present correspondent who endeavoured to review
where we are with the FT method. Feeling a bit
like an aged seer giving the state-of-the-nation talk,
I commented (yes, yet again) on the lack of con-
sensus and comparability in considering the com-
positional effects on annealing, reproducibility and
standardisation of length measurement, and mod-
elling of track-length data. Integration of FT and U-
Th/He chronometry was noted as an exciting reality
for constraining lower temperatures and this was
ably demonstrated subsequently with papers on
Swedish Precambrian basement (Charlotte Ceder-

24 -

bom et al.), the Great Escarpment Development,
SE Australia (Christine Persano et al.), the Aegean
islands (Stephanie Brichau et al.), the Canadian
Shield (Matevz Lorencak et al.) amongst others. It
seems the application of U-Th/He apatite chronol-
ogy is truly underway what, | wonder, will the
pitfalls be - if any? Combining the philosophy for
interpreting FT data with the analytical skills of the
noble gas experts may mean that potential prob-
lems will be averted. Let's hope so, because the
helium method working in tandem with FT chron-
ometry promises us much.

In the Alpine Chain session, Maria Laura Balestrieri
and Max Zattin asked whether we need something
more than AFT data to understand northern Apen-
nine exhumation, citing new ZFT, AHe and ZHe
data to define a more detailed pattern. Barbara
Ventura and colleagues reported detail of post-
Variscan exhumation of the Erzgebirge meta-
morphics and granites from borehole samples.
Moving to the Andes, | was amazed at the number
of people working there - just as well it's a big oro-
gen! When teaching the Andes in undergraduate
Global Tectonics classes | was always disap-
pointed at the apparent dearth of detailed chronol-
ogy: these research efforts can only serve to am-
eliorate that situation. A cornucopia of papers was
presented by Alberto Adriasola Munoz (Southern
Chilean Andes), Harold Ege et al. (Central Andean
fold-thrust belt, S Bolivia), Kirsten Grafe et al.
(Southern Chile), Martin Wipf et al. (south central
Perug, Richards Spikings et al. (Ecuador - FT and
““Ar-*Ar), Sarah Shoemaker (SW Mexico) and
Stuart Thomson (Patagonian Andes).

The question "just how stable is stable?" (originally
Rod Brown's | think) was revisited in southern
Canada (Matevz Lorencak and colleagues), at the
Laurentian margin (Ulrich Glasmacher et al.), in the
East African/Antarctic orogen (by Joachim Jacobs
et al.) and in Namibia (Matthias Raab and Rod
Brown). In extensional settings thermochronology
in the nearby Betics was discussed by our host
Luis Barbero and colleagues, in the Basin and
Range Province (Tim Carter et al.), Central Mada-
gascar (B. Emmel et al.), on the East Greenland
margin N of 72°N (Kirsten Hansen et al.), along the
Ghana transform margin (Frank Lisker ), and in SW
Bulgaria ( Alexandre Kounov).

Ever since our simplistic treatment of FT data from
detrital grains (Geol Mag, 121, 269, 1984) I've al-
ways been fascinated by the use of FT to identify
detrital components and to determine provenance.



Istvan Dunkl and Balazs Székely discussed a more
sophisticated analytical approach together with a
very attractive on-screen visualisation of the pro-
cedure. Alexie Soloviev and John Garver pre-
sented Western Kamchatka results considering the
possibility of its being a northern continuation of the
Japanese Shimanto belt accretionary complex.

I've mentioned just some of the directions that re-
search and the resulting presentations seem to be
heading. Apologies to those whose names are not
explicitly mentioned - I've not attempted to provide
an all-inclusive listing of all presentations. Luis
Barbero and Ferran Colombo provided an excellent
volume of abstracts attractively produced as
Geotemas Volume 4 by the Sociedad Geoldgica
de Espana (ISSN 1576-5172). Luis may have
spare copies for sale to those interested.

So what, Mr. Editor, were my lasting impressions of
Céadiz? A change to the north European timetable
for lunch and dinner to accommodate the Mediter-
ranean siesta and lifestyle? Perhaps the visit to
Terry's* Bodegas to see the making of sherry and
brandy, and to taste the end-products? (*that's not
Di Seward's husband's private booze supplier).
Surely Thursday's magical mystery tour (with un-
cooperative coach drivers) to find the elusive
Ronda peridotite definitely rated highly on enter-
tainment value, affording some excellent oppor-
tunities for relaxed discussion of ideas and pro-
jects, if not for field geology!

We also discussed EFTAN (at some length! Ed.) -
the rather moribund European Fission-Track Net-
work, started some 10 years ago to facilitate co-
operation between workers throughout 14+ Euro-
pean countries. Discussion about the future of the
network revealed a series of specifically defined
objectives: to facilitate the exchange of intellectual
ideas, share common problems and seek solutions;
to encourage human mobility (especially of young
scientists) between research teams; and to adver-

Click
on picture
to enlarge

tise research funding opportunities, particularly
between research groups. A new committee was
elected (Balestrieri, Barbarand, Barbero, Carter,
Glasmacher, Hurford) to take forward the stated
aims. Further details can be found shortly
at; http://www.eftan.ucl.ac.uk

There were some landmarks and details which | felt
were significant:

« the challenge to our use of the X* test for
datasets of 20-30 crystals (Balazs Székely)

» the widespread use of Rich Ketcham's AFT-
Solve program for data interpretation

» the resurgence of titanite as an FT chronometer
(Joachim Jacobs)

 the reconsideration of the similarity (or not) of
spontaneous and induced track annealing
(Jocelyn Barbarand)

« the continuing uncertainty about how to use the
dependency of apatite FT annealing on compo-
sition in interpreting routine sample data. Barry
Kohn described some interesting results from
the Stillwater layered complex, where chlor-rich
apatite resistance to FT annealing is not paral-
leled in He retention which remains similar irre-
spective of anion content.

But for me perhaps the most important thing was
the enthusiasm for our subject which shone out in
conversation and in the very high standard of oral
and poster presentation, especially by the many
research students in attendance. Also the open-
forum discussions after each thematic session
were very stimulating, with many people asking
questions and offering comments in a constructive
spirit and an easy and relaxed atmosphere. Well
done to Luis Barbero and colleagues for the or-
ganisation - and to the all participants and contri-
butors for their lively, instructional and challenging
contributions, both formal and informal.

This photo is available from Kroch Klicks at: http://www.autoscan.com.au/download.html
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Automated microscope stage systems
greatly increase operator productivity by
automating tedious aspects of microscope
work. Since their introduction, our systems
have been adopted by far more fission track
laboratories than any other system.

Outstanding Hardware:

Our stage systems are based on a highly-reliable, high-precision Kinetek™ computer-automated microscope scanning stage. Several
hundred Kinetek stages are currently in operation, mainly in the demanding microelectronics and biotechnology industries. Compatible
with almost any brand of microscope. Use of this popular, general purpose stage significantly reduces the system cost. System also in-
cludes a high-quality Calcomp™ 12x12" digitizing tablet. Assembly to full operational status generally requires only afew days.

Outstanding Software:

Software is a complete, highly sophisticated Apple Macintosh program devel oped with careful attention to all aspects of microscope
work. Fully integratestrack counting, track length measurement, slide scanning, and file management functions. Moves precisely
from grain to micaprint in 3 seconds. Very user friendly.

Innovative, Highly-Intuitive Stage Control System:

Stage is driven primarily with the digitizing tablet cursor rather than ajoystick. For example, to center agrain or track, just superim-
pose the cursor on it, push a button, and the stage automatically centersit. This avoids tedious manual centering viathe joystick.
Most software commands are driven from the cursor buttons, which are easily distinguished by feel, so there is no need to ook away

from the eyepieces to the computer screen or keyboard.

Fission Track Laboratories Using the System
(year installed; *adapted to a hon-Kinetek stage)

« Stanford University, Stanford, California (1991)

*University of California, Santa Barbara, California (1992)

*ARCO Exploration and Production Technology, Plano, Texas (1992).
Moved to University of Minnesota, Minneapolis, Minnesota, in 1999.

*Universitét Bremen, Bremen, Germany (1993)
*E.T.H., Zirich, Switzerland (1993*)
*Kent State University, Kent, Ohio (1993)
*University of Wyoming, Laramie, Wyoming (1993)
eUniversity of Arizona, Tucson, Arizona (1993).

Moved to Syracuse University, Syracuse, New Y ork, in 2000.
*Max-Planck-Institut, Heidelberg, Germany (1993*)
*Union College, Schenectady, New Y ork (1994)
*Monash University, Melbourne, Australia (1994*).

Moved to University of Melbourne in 1999.
eLaTrobe University, Melbourne, Australia (two systems, 1994*).

Moved to University of Melbournein 1999.

*University of Pennsylvania, Philadelphia, Pennsylvania (1995)
*Universitét Tibingen, Tibingen, Germany (1995)
eUniversidad Central de VVenezuela, Caracas, Venezuela (1995)
*Brigham Y oung University, Provo, Utah (1995)
*Central Research Ingtitute of the Electric Power, Chiba, Japan (1995)
eUniversitét Salzburg, Salzburg, Austria (1996)
*University of Southern California, Los Angeles, California (1996)
*E.T.H., Zirich, Switzerland (second system, 1996*)

Further Information:

*Geologisk Centralinstitut, Copenhagen, Denmark (1996*)

sUniversity of Waikato, Hamilton, New Zealand (1996*)

*Universitadi Bologna, Bologna, Italy (1997)

«Centro di Studio di Geologia dell'’Appenno e delle Catene Perimediterra-
nee, Florence, Italy (1997)

*University of Wyoming, Laramie, Wyoming (second system, 1997)

eUniversitat Potsdam, Potsdam, Germany (1997)

*Seoul National University, Seoul, Korea (1998)

*E.T.H., Zlrich, Switzerland (third system, 1998)

eUniversitét Basel, Basel, Switzerland (1998)

*University of Florida, Gainesville, Florida (1998)

eUniversite Paris-X|1, Paris, France (1998)

eUniversitdt Graz, Graz, Austria (1998)

*Goteborgs Universitet, Goteborg, Sweden (1999)

eUniversidad de Cédiz, Cédiz, Spain (1999)

«Universite Montpellier |1, Montpellier, France (1999)

«Kurukshetra University, Kurukshetra, India (1999)

*Universitat Tubingen, Tubingen, Germany, (second system, 1999)

«California State University, Fullerton, California (2000)

*Geoforschungszentrum, Potsdam, Germany (2000)

«Polish Academy of Sciences, Krakow, Poland (2000)

«University of Glasgow, Glasgow, Scotland (two systems, 2001)

*Yae University, New Haven, Connecticut (2001)

*Université Joseph Fourier, Grenable, France (2001)

An early version of the system is described in a paper in Nuclear Tracks and Radiation Measurements, vol. 21, p. 575-
580, Oct. 1993 (1992 Philadel phia Fission Track Workshop volume). For detailed information please contact: Dr.
Trevor Dumitru, 4100 Campana Drive, Palo Alto, California 94306, U.S.A., telephone (auto-switching voice and fax

ling): 1-650-725-6155.
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CARLSON'’S LAW : A FORMAL COMPARATIVE STUDY
WITH RESPECT TO LASLETT'S LAW

A. RADID *, J.C. MIELLOU*, A. CHAMBAUDET**

*Laboratoire de Mathématiques et Applications — Unité Mixte de Recherche 6632 C.N.R.S.,
**_aboratoire de Microanalyses Nucléaires Equipe d'Accueil 473 — LRC— CEA MO 7,
Faculté des Sciences et des Techniques, Université de Franche-Comté,

16 route de Gray, 25030 Besancon Cedex, France

INTRODUCTION

Here, we develop the results presented in Radid et
al. (2002) for extending Laslett's law to Carlson’s
law, and give a new formulation of Carlson’s law
and compare it to a corresponding Laslett’s situa-
tion.

First, we derive a Bertagnolli-kind of expression
from the usual Carlson’s law formulation. This gives
rise to a Cauchy’s problem for a first order differen-
tial equation, which is very similar to the equation
derived from Laslett's law in Igli et al. (1999). We
also recall that for thermal histories with a constant
temperature, Carlson’s law admits a formulation
similar to a previous annealing Laslett’'s mathemati-
cal expression. This provides a homogeneous ap-
proach to the numerical methods applied to both
these laws.

COMPARISON OF CARLSON’S AND LASLETT'S
LAWS FOR TEMPERATURE VARIABILITY

Let us consider Carlson’s law, which represents the
mean length reduction of a population of fission
tracks by:
&€ . ae o)
=L- A 6 =t
Sﬁg ED RO(t)o
D

feoN N

The function t® I(t) represents the mean length
of a population of tracks at time t that were born at

time safter an annealing thermal history, expressed
by the function Tt ® 0(t):t 1 [s;t].

L is the initial mean length of the tracks, hthe
Planck’s constant, Kk the Boltzman’s constant, O the
absolute temperature, [St] the annealing time in-

terval, Q the activation energy of the atomic mo-
tions
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leading to defect cancellations, R the universal
constant of any gas, Nna strictly positive real number
that is smaller than one (which describes the initial

distribution of the radial defects) and Aan empirical
constant of the shortening of the axial length.

Let us note:
19]
t)=—>2
r0)=- 2
We obtain:
ne BS_Q O t:{
r(t) =1- —% g(;)e(r)exp Re(r)gd ; €)

Where rrepresents the mean length shortening
rate of the considered population of fission tracks,
which satisfies:
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Let us derive the two sides of the above relation
with respect to time variable t. We obtain:
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Therefore, Carlson’s Law reads:
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This initial value problem is very similar to the one
associated to Laslett’s law, which reads:
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where the constants a,b, must satisfy

1
a=—, b =1in order to better fit (6).
n

THE EXPRESSION OF CARLSON'’'S LAW UNDER
A CONSTANT TEMPERATURE

If the temperature is constant, then the equation (1)
becomes:

5 é o
I(t) =L - A?:; thqex &R—(sgdtg (8)
Which gives rise to:
l n k & 00

(t- ())” = IB 1 aexpes
Conversely, this implies that:

1 1
In(t):ﬁ[ln(l- r)+C]+%6In(e) ©)

with;

&k "0
C=- lng_%hzg (10)

It is worthwhile to note that Carlson (1990) p. 1136,
established a comparison between expression (9) of
Carlson’s law and a previous annealing law written
by Laslett for isothermal histories.

CONCLUSION

This comparison makes it possible to extend to
Carlson’s law the study performed in Radid et al.
(2002) with respect to the approximation of the gen-
eral thermal histories by using piecewise constant
functions. The result is a new perspective for
studying numerical methods for both Carlson’s and
Laslett’s laws (this is in reference to our forthcoming
paper (2002) entitled, "Some Comparative Numeri-
cal Experiments Concerning Two Standard Fission
Track Thermal Annealing Laws").
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Reactor Watch

This section is concerned with reporting the lastest
developments concerning reactor facilities If you
hear of any new developments concerning reactors
or are aware of reactors that may be suitable please
contact the Editor of On Track to ensure the latest
developments can be reported back to the Fission
Track community.

Frank Lisker reports that the new German neutron
source in Garching (FRM II) is expected to start
working early next year with the possibility of
providing irradiation services from mid 2003. This
will be a 20 MW reactor with two rabbit loading
systems. The facility will have a maximum neutron
flux of 8 x 10™ n/cm?s™ with fast and epithermal
components expected to be significantly <1%.
Details about this reactor can be found on the web
at

http://www.frm2.tu-muenchen.de/frm2/index_en.html

Frank also pointed out that there is another German
neutron irradiation facility at the GKSS
Forschungszentrum in Geesthacht which has a
reasonably high flux (8 x 10 n/icm®s™) but
unfortunately is not well thermalised with fast and
epithermal components of 2.5% and 2.3%
respectively.

Barry Kohn reports that excavations have begun at
Lucas Heights for the new reactor intended to re-
place the ageing Hifar facility. This is good news.
The bad news is that a fault was encountered dur-
ing the excavations and the media have got hold of
this. Consequently environmentalists have new
ammunition with which to voice their opposition. The
reactor people are now quite 'anxious' to have the
history of this fault assessed. It has been examined
and trenched by a group of geo-seismic people from
New Zealand, where they have plenty of experi-
ence, at least with young tectonics. But the question
that now needs clarification regards the 'timing' of
fault movement. Investigations will probably require
some AFT and/or (U-Th)/He work that will help to
ensure the timely completion of the new reactor (or
maybe not). Stay tuned!

Meanwhile a consultation is planned between the
Geoscience community and the reactor people to
determine specifications that best suite their needs.
Although the reactor is already basically designed
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input from the geoscience community may influence
some relatively minor engineering changes that will
benefit a wider community of research based users.

John Garver mentions that the Oregon facility is
now so heavily used by trackers that in order to
cope with demand it is going to have to start using
another position.


http://www.frm2.tu-muenchen.de/frm2/index_en.html

REACTOR LUCAS HEIGHTS OREGON THETIS
INFORMATION HIFAR TRIGA Mark-II
X7 position thermal column positions
CHARACTERISTICS [inner face] 6,7,8,15,16
Thermal fluence: 3-5.7 x 10* 1.0 x 10™ 1.0-3.0x 10™
Epithermal fluence: 5.0 x 10% [c] 0.6 - 4.3 x 10%
Fast fluence: 5.0 x 10% 0.8-5.0x10%
Thermal /fast: 145 [b] 60 - 120
'Thermal/epithermal: 200 70 - 160
Cd ratio for Au: ~125, ~98 14
Cd ratio for Co:
Radial gradient: 3%/cm 6% / cm
Axial gradient: ~ 5 %/cm 1% /cm
Foreigners ? Yes Yes Yes
Price [nationals] A$350 /can [?] $ 200 (zr) 175 Euro /7h
Price [foreigners] A$350 /can $ 400 (ap) 175 Euro /7h
plus shipping plus shipping incl. ship. [g]
Packing: Ti cans [a] polyethylene
[supplied]
Can size [mm] : 20 x50 23 x 90 19x 70
(total glass in each can must
[diam. x length] not excede 15 grams) price for 2 cans
\Website www.ainse.edu.au/
E-mail Contact: David.hurwood@ansto.gov.au
REACTOR VIENNA PAVIA PAVIA KYOTO
INFORMATION TRIGA Mark-Il TRIGA Mark-II TRIGA Mark-II KUR
Lazy Susan Thermal Column
CHARACTERISTICS Rot. spec. rack
Thermal fluence: 1.0x 10" 1.0x 10* 3.8 x 10% 4.0 x 10"
Epithermal fluence: [d] 6.0 x 10%
Fast fluence: 9.0 10" 8.0 x 10”
Thermal /fast: 11 5000
'Thermal/epithermal: 700
Cd ratio for Au: 6.5 31 ~200 [f]
Cd ratio for Co: 48
Radial gradient:
Axial gradient:
Foreigners ? Yes Yes Yes [e] No
Price [nationals] Free On demand
Price [foreigners] Variable, On demand No commercial
+ $80 /can use
Packing: plast. upto 80 h plastic, Al can, plastic, Al can, plastic
oth.: Al+quartz glass, etc. glass, etc. capsule
Can size [mm] : 35 x 100 22.5 x50 22.5 x50
[diam. x length]
\Website
E-mail Contact:

TABLE 1: comparison of reactor parameters. Notes: [a] Mass of sodium containing glass must not exceed 15 g per
can; total mass of can + contents must not exceed 55 g. Some users report problems with broken samples; [b] Ex-
trapolated from 6" from face using 10%/cm gradient; [c] Measured 6" from face; [d] Epithermal neutron flux is high;
induced Th-fission can be a problem; [e] thermal column is presently unavailable for FT-irradiations; [f] Cd-ratio is
pers. com. [1988] Prof. M. Koyama to T. Tagami; [g] except by specialised transport.
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THE ORIGINAL AND THE BEST SOLUTION FOR FISSION TRACK DATING
18 YEARS - 20 COUNTRIES
NOW IN VERSION 3.0 - EVEN BETTER :

On-screen images of fission tracks for simplified marking and counting !
(Mark counted tracks with your mouse to avoid double counting).

i
T ——
==

Stereo pair of grain and mica mounts for easy comparison !
(Or instantly toggle between grain and mica images for track comparison in single-mount view).

il |  ————

Give your brain arest : Trakscan™ V3.0 automatically inverts and rotates mica image as shown
User can mark area for counting on grain, automatically shown on mica (and vice versa)
Automatic track density calculation on marked grain and mica areas

Measurement of track lengths, including inclined tracks

Standard glass and ART modules form part of program

Ability to export data for direct use in Trackkey™ and Popshare™

ocoo0o00o

Contact us now for your free demo CD with step-by-step Trakscan™ walk-
through/tutorial !
Also, ask us about AutoScope™ for automated counting of fission tracks in glass !

MYDOCOS\ONTRACK24_TRAK.DOC Friday, June 28, 2002

-31-



The new Autoscan Multi-Application Image Analysis System
Featuring AutoScope® Version 2.0 for Windows 95/98/NT/2000

APPLICATIONS :
The new AutoScope® software, which runs on our new multi-application system, has a wide variety of applications including
detection, characterisation and counting of :

m alpha recoil tracks

m fission tracks in glass

B tracks in solid state detectors (eg. alpha particles, radon, fast neutrons, fission tracks)

m calibration of moisture content measuring equipment by thermal neutron absorption method
B uranium micromapping and ultra low-level uranium analysis

In environmental protection applications, AutoScope® is able to automatically detect, characterise and count the tracks left by
radioactive alpha particles in CR39™ plastic. This is useful in personnel radiation badge monitoring and radon detection
studies. In the Earth Sciences, alpha track detection in CR39™ which has been in contact with Zircon, and fission tracks in
volcanic and other glasses are two further applications.

STAGE HARDWARE :

AutoScope® works in conjunction with our new AS3000B (for upright microscopes) or AS3000i (for inverted microscopes)
stages and EL300 electronics controller, and is able to move in sub-micron increments across up to two standard 75 x 25 mm
slides, and focus through a distance of 3 mm in increments of 0.1 microns. This package incorporates 3-axis movement
(including focus, built integrally into the stage), and is suitable for high magnification work involving frequent refocussing
operations. The positional accuracy is = 0.25 microns, with 2 micron position repeatability. Stage movement control is via our
JS300 3-axis joystick which allows simultaneous X, Y and focus movement. Our stages can be fitted to most popular optical
laboratory microscopes.

SOME FEATURES OF THE AutoScope® SOFTWARE INCLUDE :

m the ability to manually alter and select a number of "filter factors"”, including object area, circularity, perimeter, and
threshhold (range of grey scales).

m the program stores .BMP image files (thumbnail images) of all detected objects.

B data output is MS Access files, for direct import into other application software.

m data files can be stored on any disk, in any directory.

The AutoScope® software was developed in close cooperation with the Australian Radiation Laboratories (now ARPANSA), a
Federal Government organisation whose function it is to monitor and control the safe use of ionising and non-ionising
radiation.

For further information, please contact us at :
AUT OSCANSYSTEMS PTY.LTD.(AB.N. 73006 275 136)

P.0. Box 112, Or mond, VI C 3204 4/293 Bay Street, Brighton, VI C 3186
Tel.: +6139596 8065 Fax:+ 6139596 8369
email : autos can@a ut oscan.com.au Hom epage : www.a utos can.com .a u/~a utos can
MY DOCOS\ONT RACK 24_SC OP .DOC Fri day, 28 June 2002
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Fission-Track Papers

The following is a list of recent and soon-to-be published fission track papers that were submitted by the authors for inclusion in
this issue of On Track. The list is extensive but far from complete. It may however serve as a starting point for compiling a ‘com-
plete' list of fission-track papers. We would all agree that such a list has practical use as a reference to what is happening in fis-
sion-tracks or in your study area. This cannot be achieved without everyone's active co-operation. So, if you have or know of a
paper that you would like to see listed in this section, please send the complete reference or a photocopy of the first page to the
editor. We are also interested in non-fission-track papers that may be of interest to the fission-track community.

2000

Arrowsmith R., Biargmann R., and Dumitru T. [2000]. Uplift
and fault slip rates in the southern San Francisco Bay
Area from fission tracks, geomorphology, and geodesy.
In: Quaternary Geochronology: Methods and Applica-
tions (J.S. Noller, J.M. Sowers and W.R. Lettis, eds.),
American Geophysical Union Reference Shelf, Vol. 4.

Axen G.J., Grove M., Stockli D.F., Lovera O.M., Rothstein
D.A., Fletcher J.M., Farley K.A, and Abbott P.L. [2000].
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This revised and extended International Fission-Track Directory is by no means complete or accurate. Although a number of
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be much appreciated if you would let the editor know if your address has changed, or if people have joined or definitively left
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Afterthoughts

A Ronda Ronda the garden like a teddy bear ......... (adapted from an old English nursery rhyme)

Call for Contributions

The next issue of On Track is scheduled for January 2003 and we are looking for contributions. On Track welcomes contri-
butions of virtually any kind, including scientific articles, news, gossip, job openings, descriptions of new lab techniques, re-
views of useful products, ravings about what the other labs are doing wrong, meeting announcements, cartoons and descrip-
tions of what you are doing in your research.

If you would like to contribute, please send the final document no later than Dec 31, 2002. If you intend to submit a substan-
tial article, please let the editor know as soon as possible.

On Track includes a list of recent and forthcoming fission-track papers. If you know of a paper that was published recently or
is in press and should appear in the list, please let me know so that it can be added to the list. Also, if you happen to change
location due to a change in jobs or finishing off the thesis and graduating, please inform the editor.

On Track is also happy to print advertisements. Please contact the editor for advertising rates.

Send contributions to:

Ed Sobel

Institit fir Geowissenschaften,
Universitat Potsdam,

Postfach 601553,

D-14415 Potsdam

Germany

Phone:++ 49 331977 5403
Fax:++ 49 331 977 5060

E-mail: sobel@rz.uni-potsdam.de
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