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Abstract.

The temperature range over which fission tracks in apatite show observable

annealing effects coincides with that responsible for the maximum generation of

liquid hydrocarbons. Work is currently in progress in a number of Australian and
overseas sedimentary basins, applying Apatite Fission Track Analysis (AFTA) to

investigate the thermal evolution of these hydrocarbon prospective regions.

INTRODUCTION

Apatite Fission-Track Analysis (AFTA) is emerging as an important new tool for
chermal history analysis in sedimentary basins. At temperatures between

approximately 20° and 150°C over times of the order of 1 to 100 million years,
fission tracks in apatite are annealed. This is due to a rearrangement of the
damage present in unetched tracks, with the result that less of a track is
otchable than in fresh newly created tracks. Because of this, the length of an

etched fission track reduces with increasing annealing, and in turn, the track
density (and hence the fission-track age) is also decreased. In selected

boreholes in the Otway Basin, southeastern Australia, apatites from the Otway
group show reduction in confined fission-track length and apparent fission track

age, in a fashion characteristic of a simple thermal history in which samples are
at or near their maximum temperatures at the present day. Track lengths show a

steady decrease from lengths of approximately 15 urn in outcrop or near surface

samples, to zero at about 125°C. Fission-track ages however show little or no
decrease in age until temperatures exceed about 70°C. Above this temperature,
ages rapidly reduce to zero at about 125°C.

ANNEALING OF FISSION TRACKS.

Fission-track data from the Otway Basin contain more information than the

simple decrease of age and length. The distributions of single grain ages show

characteristic patterns, particularly above 90°C. The distribution of track

lengths is also diagnostic of temperature. In particular, in samples at present

temperatures between 102°C and 110°C, the distribution of lengths is almost
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flat, with tracks of all lengths from approximately 1 urn to 16 um. The
temperature- sensitive fission-track parameters observed in the Otway Basin may

be applied in other basins to elucidate paleotemperature details. In cases of
mixed provenance, individual grain ages may be identified using the external

detector method. Fission- track lengths in apatites contaning a significant
track record at the time of deposition are generally characterised by one of two

types of distributions, greatly simplifying interpretation of distributions of
track lengths in samples showing significant down-hole annealing.

Presence of an inherited track component, or conversely of a total loss of
tracks at some time since deposition, can be identified by a comparison of the

stratigraphic age with the length-corrected fission-track age. Investigation
of five fission-track parameters then allows semi-quantitative constraints to be
place on thermal history. Experiments are in progress to place this procedure on
a more rigorous, quantitative basis.

DEVELOPMENT OF MODELLING TECHNIQUES.

In the last ten years, several thermo-mechanical models have been proposed to

account for the observed subsidence history in sedimentary basins. Subsidence
patterns calculated from exploratory well data (from wells drilled in the basin)

are compared to model-dependent predictions of subsidence, thereby testing the
basin model. However, we have recently shown that the pattern of subsidence is

not a diagnostic attribute of each model, and that subsidence data must be
combined with palaeo- temperature data in order to rigorously discriminate
between basin models.

In the past few months , we have been successful in merging palaeo-temperature

information from fission tracks with subsidence data. The computer software to
bring the two data sets together has now been developed. The constraints imposed

by the fission track subsidence data have improved modelling techniques for the

evolution of sedimentary basins.

AFTA offers numerous advantages over the other thermal history analysis
techniques including the ability to provide a chronology of events. The method

is now established in hyrdrocarbon exploration as a quantitative maturation

indicator, and should find common application.

CASE STUDIES.

Amadeus Basin

The apatite fission track ages so far indicate that the Amadeus Basin has been

subjected to significant heating associated with burial due to the deposition of
the Pertnjara Group. Most samples give ages indicating that they have been
subjected to temperatures in the past of at least 75°C leading to fission track
length reduction. Evidence from corrected ages in the northern part of the basin
suggests that present-day outcrops of Pertnjara Group were buried to

temperatures of 75 to 100°C whilst the underlying Pacoota Sandstone and older

formations were subjected to temperatures of at least 100°C which totaly



180

destroyed pre-existing tracks . This burial and heating was probably associated

with the deposition of additional amounts of Brewer Conglomerate, which are no
longer represented in the basin due to erosion. Towards the end and probably
after the close of deposition of this unit the basin was folded and then uplifted.
Formations which had been totally overprinted now have similar outcrop ages since
they are reflecting the uplift and cooling of the folded structures rather than
the stratigraphy. Further south in the basin the Pacoota Sandstone ages
increase indicating that they have been subjected to lesser temperatures and the
apatites were not totally overprinted around the time of the Alice Springs
Orogeny. It is in these regions that the Pacoota Sandstone has been heated to 80-

100°C and is oil mature.
The track length data collected so far is very similar irrespective of the

apatite or stratigraphic age which suggests a similar uplift and cooling process
across the basin. The relatively small amounts of long (14-16 micron) tracks

indicates that most of the tracks formed at temperatures of 100-50°C so that they
could be shortened after their formation.

Bowen Basin
Additional fission track data from samples of the Upper Permian Blackwater

Group have shown that there is a region of low apatite ages of between 100-150 Myr
centred just north of Dingo. Apatite ages then increase westwards and
southwards away from this region. The relationship of apatite age, mean track
length and track length distribution indicates that the palaeotemperatures
reached in these sampled areas varied but was less than 125°C, whereas in the
Dingo area maximum palaeotemperatures exceeded 125°C. The young apatite ages
could reflect either greater burial depth in the area, or a Cretaceous thermal

event or a combination of the two.

Cooper - Eromanga Basin
Two pilot studies have been completed in the Cooper-Eromanga Basins. The

Cooper Basin study involved samples from wells in the South Australian section of
the Basin and has resulted in proving the presence of apatite in the Jurassic
sequence. Fission track analysis of two samples does not provide clear cut
thermal history results but indicates the technique is viable in this Basin.

Outcrop samples from the Queensland section of the Eromanga Basin showed the
presence of suitable minerals from the Jurassic to Cretaceous section. Fission
track analysis generally indicates that outcropping samples in the Tambo region
have not been significantly heated since deposition.

Appalachian Basin (New York State)
Fission track analysis of Devonian sediments across the northern Appalachan

Basin (with D.S. Miller, RP1 N.Y.) has revealed a regional early Cretaceous
cooling event involving several kilometers of uplift and erosion. The uplift
model provides a viable explanation for the occurence of the historically

important shallow oil field province of S.W. New York State and Pennsylvannia.


