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Abstract

The eastern Officer Basin in South Australia contains a Neoproterozoic to Devonian succession overlain by relatively thin
(<500 m) Permian, Mesozoic and Tertiary deposits. Within the basin fill, there are several major unconformities representing
uncertain amounts of erosion. Three of these surfaces are associated with regional deformational events. Regional
unconformities formed between 560 and 540 Ma (Petermann Ranges Orogeny), approximately 510-490 Ma (Delamerian
Orogeny), 370—300 Ma (Alice Springs Orogeny), 260—150 Ma; and 95-40 Ma. AFTA® results from 13 samples of
Neoproterozoic, Cambrian and Permian sedimentary rocks in five wells (Giles-1, Manya-2, -5 and -6 and Lake Maurice West-1)
show clear evidence for a number of distinct thermal episodes. Results from all samples are consistent with cooling from the
most recent thermal episode beginning at some time between 70 and 20 Ma (Maastrichtian—Miocene). AFTA results from
Giles-1 indicate at least two pre-Cretaceous thermal episodes with cooling beginning between 350 and 250 Ma (Carboniferous—
Permian) and between 210 and 110 Ma (Late Triassic—Albian). Results from Manya-2, -5 and -6 and Lake Maurice West-1
show evidence for at least one earlier higher temperature event, with cooling from elevated paleotemperatures beginning
between 270 and 200 Ma (Late Permian to Late Triassic). These episodes can be correlated with other cooling/erosional events
outside the study area, and the AFTA-derived paleotemperatures are consistent with kilometre-scale erosion for each of the
episodes identified. Integration of the AFTA data with organic thermal maturation indicators (MPI) in the Manya and Giles-1
wells suggests that the Cambrian and Neoproterozoic successions in the northern part of the study area reached peak maturation
prior to the Permian, while limited data from Lake Maurice West-1 allows peak maturation to have occurred as young as the
Late Permian to Late Triassic thermal episode revealed by AFTA. The approach outlined in this study is relevant to all ancient
basins as it emphasises the importance of understanding events associated with neighbouring regions. The thermal history of the
Officer Basin, as with most other ancient basins, has been strongly affected by significant tectonic events throughout its history,
even though younger deposits are not preserved in the basin itself. The recognition of these younger events, and the implications
of these events for the depositional history, is important as it allows identification of the best regions for preservation of early
generated hydrocarbons, and in some cases, suggests areas where generation of hydrocarbons could have occurred more
recently than previously thought. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction proterozoic to mid-Paleozoic in age. Overlying the
Officer Basin are thin (<500 m) Permian (Arckaringa
The Officer Basin is a relatively unexplored region Basin), Cretaceous (Eromanga Basin) and Tertiary

in southern central Australia with some oil shows successions, also separated by unconformities.
(Fig. 1) but no economic hydrocarbon accumulations Due to the pre-Devonian age of much of the Officer
(O’Neil, 1997). The basin contains Neoproterozoic— Basin, true vitrinite is restricted to relatively minor
Paleozoic sedimentary rocks separated by regional occurrences in limited well intersections of Permian
unconformities that represent uncertain amounts of and Mesozoic sediments. As a result, AFTA® (Geo-
erosion. These surfaces range from the latest Neo- track, 1994; Tingate, 1994) and organic maturation
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Fig. 1. Pre-Tertiary subcrop geological map of the Officer Basin (modified after Morton, 1997). A—A’ shows the line of section in Fig. 3.
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studies (McKirdy and Michaelsen, 1994) were com-
missioned by Mines and Energy South Australia to
help constrain the thermal history of the region and the
timing of petroleum generation. The thermal history
may also be useful in helping understand its geological
development from part of a continent-scale intracra-
tonic sag to a smaller structurally controlled basin
(Hoskins and Lemon, 1995; Lindsay and Leven, 1996).

The AFTA data were originally collected and
interpreted without accompanying apatite chemical
compositions (Geotrack, 1994; Tingate, 1994; Grave-
stock and Hill, 1997; Tingate and Duddy, 2000). In
this study, chlorine has been determined in all apatite
grains in which ages and track lengths were measured
and the AFTA data reinterpreted using a multi-com-
positional kinetic description of apatite annealing that
provides estimates of paleotemperatures and time at
+ 95% confidence limits (Green et al., 1996). Since
the apatites display variation in chemical composition
within and between samples the resulting thermal
history has been significantly revised, illustrating the
importance of incorporating the chemistry of analysed
apatites into the thermal history interpretation of
fission track data.

2. Regional geology

The Officer Basin is an intracratonic basin located
in South and Western Australia, covering an area of
approximately 350,000 km? (Fig. 1) and containing
up to 10 km of Neoproterozoic to Late Devonian
sedimentary rocks (Fig. 2). The eastern part of the
Officer Basin is bounded by crystalline basement: to
the north by the Musgrave Block, to the southeast by
the Gawler Craton and to the south by the Coompana
Block.

The Officer Basin succession contains shallow
marine, aeolian, fluvial, lacustrine and glacial deposits
(Fig. 2). Gravestock (1997) sub-divided the regional
depositional history into 11 sequences (Fig. 2). For
further stratigraphic information, the reader is referred
to Moussavi-Harami and Gravestock (1995) and Mor-
ton (1997).

Hoskins and Lemon (1995) have summarised the
development of the eastern Officer Basin into four
stages (Fig. 3). Stage 1 consists of the initiation of the
Officer Basin as part of a larger sag basin, termed the

Centralian Superbasin (Walter et al., 1995) that cov-
ered much of Australia. This basin phase culminated in
minor erosion at 780 to 760 Ma. Stage 2 consists of
deposition within a N—S compressional basin building
to the Petermann Ranges Orogeny in the latest Neo-
proterozoic (560 to 545 Ma) with significant N—S
shortening-induced folding and thrusting (Figs. 2 and
3). Stage 3 consists of renewed sedimentation followed
by another deformational event, the Delamerian Orog-
eny (510 to 490 Ma). At this time, further thrusting
occurred and reactivated Stage 2 structures. Stage 4
consists of Ordovician to Devonian sedimentation
ending again in N—S shortening associated with the
Alice Springs Orogeny (370 to 300 Ma). Reactivation
of older thrusts also occurred in this event, with most of
the deformation probably occurring in the late Devon-
ian to mid-Carboniferous (360 to 320 Ma), by analogy
with the Amadeus Basin (Shaw, 1991).

The eastern Officer Basin contains all the required
petroleum system elements (Magoon and Dow, 1994)
but large uncertainty exists as to the timing of hydro-
carbon. Hoskins and Lemon (1995) not only sug-
gested that the Petermann Ranges Orogeny (560 to
545 Ma) was the major control on existing basin
morphology but also concluded that the Petermann
Ranges, Delamerian and Alice Springs Orogenies
were all capable of causing structural traps and plac-
ing source rocks in the oil window. Gravestock and
Hill (1997) produced burial history models suggesting
that the three events listed above differed in impor-
tance depending on the location in the basin.

3. Thermal history reconstruction methodology
3.1. AFTA data

The interpretation of the thermal history from
AFTA data in this study is based upon the annealing
behaviour of spontaneous fission tracks in geological
environments (Gleadow et al., 1983; Green et al.,
1989a) and length data from geological samples
(Gleadow et al., 1986), together with descriptions of
induced fission track annealing in laboratory experi-
ments (Green et al., 1986; Laslett et al., 1987; Duddy
et al.,, 1988) that have been extended to geological
situations (Green et al., 1989b). The laboratory an-
nealing studies have concentrated on fission track
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Fig. 2. Stratigraphic column for the Officer Basin and cover successions (modified after Gravestock and Morton, 1997). Stratigraphic sequences
and relative sea-level information comes from Gravestock (1997).
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Fig. 3. Schematic Precambrian to Carboniferous history, Officer Basin (modified after Hoskins and Lemon, 1995).

length measurements and their relation to fission track annealing comes from Green et al. (1985, 1986, 1996),
density (and hence age) and have been described by Sieber (1986) and Tingate (1990).
Laslett et al. (1984) and Green (1988). Information on The measured fission track age and track length

the effect of apatite chemical composition on track data for each well sample were grouped based on the
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chlorine content of each apatite grain in which ages and
lengths were measured. Interpretation proceeded by
assessing whether the fission track age and track length
parameters determined for each chlorine compositional
group in each sample could have been produced if the
sample has never been hotter than its present temper-
ature at any time since deposition. To make this assess-
ment, a “Default Thermal History” was defined for
each sample, derived from the preserved sedimentary
section in the well and assuming no erosion occurred
within the sedimentary succession, combined with
constant values for paleogeothermal gradient and
paleo-surface temperature which are adopted from
present-day values. The AFTA parameters expected
on the basis of this Default Thermal History were then
predicted using a multi-compositional kinetic model
for fission track annealing in apatite as described by
Green et al. (1996).

If the measured AFTA data show a greater degree
of fission track annealing (in terms of either fission
track age reduction or track length reduction) than
expected on the basis of this history, the sample must
have been hotter at some time in the past. In this case,
the AFTA data are analysed to provide estimates of
the magnitude of the maximum paleotemperature in
that sample, and the timing of cooling from the
thermal maximum.

As AFTA data provide no information on the
approach to a thermal maximum, they cannot inde-
pendently constrain the heating rate and a value must
therefore be assumed in order to interpret the data.
The resulting paleotemperature estimates are therefore
conditional on this assumed value. AFTA data can
provide good control on the history after cooling from
maximum paleotemperatures through the lengths of
tracks formed during this period (e.g. Green et al.,
1989b). On this basis, data from each sample are
interpreted here in terms of two episodes of heating
and cooling, as the inherent spread of the track length
data is such that it is usually not possible to reveal
more than one additional episode between the thermal
maximum and the present-day. In this study, heating
and cooling rates of 1 °C/Ma for heating and 10 °C/
Ma for cooling have been assumed during each
episode.

The timing of the onset of cooling and the peak
paleotemperatures during the two episodes are varied
systematically using a forward modelling approach,

and by comparing predicted and measured parameters
the range of temperature—time conditions, which are
compatible with the data within + 95% confidence
limits can be defined. Thus for each sample, we define
the time and temperature conditions of the two dom-
inant thermal episodes required to explain the meas-
ured data. In cases where a sample actually has been
subjected to more than two thermal episodes, the
maximum temperature episode and the most recent
episode are the two episodes defined in our approach,
and no formal quantitative constraints can be placed on
the intervening episode from the AFTA results alone.
However, integration of results from individual sam-
ples in a vertical depth section, can allow such inter-
mediate thermal events to be revealed and quantified to
provide a more complete quantitative description of the
thermal history as in the approach taken here.

More detail regarding the methods used in this
study is given in Gibson and Stuwe (2000). From the
interpretation of the fission track data, constraints can
be placed upon the thermal history, and for most
situations a number of different thermal histories can
be constructed from these constraints. The choice of a
particular style of thermal history for a region is a
matter of geological interpretation.

3.2. Vitrinite reflectance equivalent data

Where present, vitrinite reflectance or vitrinite
reflectance equivalent (VRE) data were converted
to a maximum paleotemperature using the EasyRo
algorithm of Burnham and Sweeney (1989). The
paleotemperature obtained was calculated assuming
1 °C/Ma for heating and 10 °C/Ma for cooling. VRE
data were selected from those compiled in Grave-
stock and Hill (1997). The major source of the VRE
information was methylphenanthrene Index (MPI)
data produced by McKirdy and Michaelsen (1994)
and Kamali (1995). Only values derived from core
samples without oil staining using the calculation
method of Radke and Welte (1983) were used for
thermal history analysis. The other source of VRE
data was fluorescence alteration of multiple macerals
(FAMM) (Michaelsen et al., 1997; Wilkins et al.,
1994). Some Officer Basin Rock Eval data is also
presented in Gravestock and Morton (1997) for
Giles-1 and Manya-6. Rock Eval T,,,, data was not
used for setting maturity levels as they are commonly
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influenced by both thermal history and organic matter
type (Sherwood and Russell, 1996). In Manya-6, the
values appear to be low, related to the organic matter
type and a mineral matrix effect (McKirdy et al.,
1984).

4. Thermal history results
4.1. Sample details

Fourteen samples were collected from core for
processing and thirteen provided sufficient apatite
for AFTA, with apatite yields ranging from fair to
mostly excellent (Table 1). Most apatite grains range
from sub-rounded to very rounded in shape with
anhedral grains dominant in samples GC531-3 and -
6 (Cadney Park Formation and Relief Sandstone,
respectively), while euhedral grains were found in
sample GC531-7 (Murnaroo Fm). The numerical
AFTA data are generally regarded as of excellent
quality with the majority of samples providing the
target 20 grains for age determination and 100 con-

Table 1
Sample data, eastern Officer Basin

fined track length measurements (Table 2). These data
form the basis for reliable thermal history interpreta-
tions.

4.2. Present temperatures

In application of any technique involving estima-
tion of paleotemperatures, it is critical to control the
present temperature profile since estimation of max-
imum paleotemperatures proceeds from trying to
determine how much of the observed effect could be
explained by the magnitude of present temperatures.
Unfortunately, no temperature data were available for
the wells analysed in this study and only two present-
day geothermal gradient estimates are available from
the South Australian portion of the basin as a whole:
14 and 24 °C/km (Gravestock and Hill, 1997). For
this study, a present-day geothermal gradient of 25
°C/km has been assumed for all wells, and this has
been combined with a present-day surface temperature
of 25 °C in calculating the current temperature of each
AFTA sample. While this assumption introduces some
uncertainty into the thermal history reconstruction, the

Sample number Depth Formation Stratigraphic age Apatite yield Present temperature
(m) (Ma) (°cy

Manya-2

GC531-1 245.5-247.7 Mt Toondina Fm 270-260 poor 31

GC531-2 492.9-494.3 Boorthanna Fm 290-280 excellent 37

GC531-3 510-516 Cadney Park Fm 524-522 excellent 38

Manya-6

GCs531-4 448.2-448.8 Cadney Park Fm 524-522 good 36

GC531-5 1699.6—1701.2 Relief Sst 545-524 excellent 68

Manya-5

GC531-6 455.1-455.5 Relief Sst 545-524 excellent 36

GC531-7 459-459.6 Murnaroo Fm 640—-600 excellent 37

GC531-8 1054.5-1055.8 Tarlina Sst 650—640 excellent 51

Lake Maurice West-1(SMD 5001)

GC531-9 217.7-218.7 Relief Sst 545-524 excellent 30

GC531-10 488.2—-488.8 Murnaroo Fm 640—600 excellent 37

Giles-1

GC531-11 416.6—-416.9 Relief Sst 545-524 excellent 35

C531-12 422.3-422.6 Tanana Fm 585-575 excellent 36

GC531-13 1063.4—-1063.8 Meramangye Fm 640-615 excellent 51

? Present temperature calculated assuming a current surface temperature of 25 °C and a geothermal gradient of 25 °C/km.



Table 2

Apatite fission track analytical results

Sample no.  No.of Rho D x 10° Rho S x 10° Rho I x 10° U PGP Age dispersion  Fission track Mean track S.D. No. of
and well grains (ND) (Ns) (Ni) (ppm) (%) (%) age (Ma) length (um) (um)  tracks
Manya-2

GC531-1 9 1.300 (1991) 2.797 (264) 3.496 (330) 31 41 2 2012+ 17.6 11.59+0.34 147 19
GC531-2 20 1.295 (1991) 2.871 (840) 2.560 (749) 23 16 12 2792+ 16.2 11.76 £ 0.15  1.54 106
GC531-3 20 1.290 (1991) 1.825 (472) 1.914 (495) 17 11 21 23724168 11.35+0.25 2.57 105
Manya-6

GC531-4 20 1.284 (1991) 3.095 (1188)  3.246 (1246) 29 7 2 2362+ 11.8 1143+0.19 1.70 76
GC531-5 15 1.279 (1991) 1.662 (449) 1.776 (533) 16 <1 36 231.0+1592188+269 11.21+0.64 292 21
Manya-5

GC531-6 20 1.274 (1991) 1.803 (523) 2.048 (594) 18 58 3 216.6 + 14.5 11.92+0.15  1.57 104
GC531-7 20 1.268 (1991) 1.718 (468) 2.195 (598) 20 <1 29 192.1 +£13.1195.6+20.8 1222+0.28  2.00 52
GC531-8 20 1.263 (1991) 0.683 (375) 0.697 (383) 6 26 18 238.4+18.7 11.23+0.21  2.12 102
LM west-1

GC531-9 20 1.257 (1991) 3.812 (806) 2.838 (600) 26 60 <1 323.6+19.9 12.12+ 022 232 108
GC531-10 20 1.252 (1991) 2.918 (762) 2.933 (766) 27 66 3 2402+ 14.2 11.98+0.16  1.68 106
Giles-1

GC531-11 20 1.247 (1991) 3.384 (888) 2.706 (710) 25 81 3 2993+ 17.4 11.95+0.18 1.79 102
GC531-12 20 1.241 (1991) 1.916 (704) 1.820 (669) 17 <1 28 251.6 +155233.5+223 1210+0.18 1.74 90
GC531-13 20 1.236 (1991) 1.320 (255) 2.138 (413) 20 <1 55 1482+ 12.6 139.6+ 228 11.16+£0.19 1.87 100

Rho S=spontaneous track density; Rho I=induced track density; Rho D= track density in standard glass external detector.
All track densities quoted in units of 10° tracks per square centimeter. Brackets show number of tracks counted.
Rho D and Rho I measured in mica external detectors: Rho S measured in internal surfaces.

Italics indicate a central age— used where sample contains a significant spread of single grain ages [ P(x%)<5%]. Errors quoted at + 1 sigma.

Ages calculated using dosimeter glass CN5, with a zeta of 392.9 + 7.4. Age and track length analyst is M. Moore.
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conservative choice of a value at the top end of the
measured range suggests that our estimates of the net
degree of cooling involved in any thermal episode
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Fig. 4. Single grain age histograms and radial plots (Galbraith, 1990) for samples with P(x?)<5% (see Table 2).

[ GC531-5
il H\Uwum

0 100 200 300 400
FISSION TRACK AGE (Ma)

: GC531-7

0 100
FISSION TRACK AGE (Ma)

200 300 400

L GC531-12

il bl

0 100 200 300 400
FISSION TRACK AGE (Ma)

i GC531-13

0 100 200 300 400

FISSION TRACK AGE (Ma)

+2

+1

259

will be underestimates rather than overestimates.
Furthermore, all samples are from relatively shallow
depths, so that the present-day temperatures of all

342
o —270
a
- o
0 o
B @a ° " —180
o B o
L o
o {120
64 90
283
- # 4
o
a a R — 180
ER: o o o
o =}
B o
o ~{120
1 50 80
358
o
_ — 240
o o
og mngn
- o
ob o o
o oo —180
o
120
51 90
331 200
o
o
— m
o o —{140
o
o
EX. o
=[] a o
~ o o
o
~80
1 40




260 PR. Tingate, I.R. Duddy / Tectonophysics 349 (2002) 251-275

samples are less than 70 °C (Table 1), at which
contemporary fission track annealing is minor (e.g.
Green et al., 1989a).

4.3. AFTA results

All AFTA analytical details are presented in Table
2. The mean fission track ages (pooled and central)
from drilled depths less than 500-m range in age from
approximately 190 to 330 Ma with a tendency for the
ages to decrease generally from the southwest to the
northeast. Single grain age variation in four samples
(of 13) with P(x%) values less than 5% is illustrated in
Fig. 4. The length parameters show little variation
across the region (Fig. 5): mean track lengths vary
between 11.2 and 12.3 pm and standard deviations are
all greater than 1.5 pum.

Most samples have a very narrow range of chlorine
content (0.0 to 0.2 wt.% Cl with occasional grains
with up to ~ 0.5 wt.% Cl) typical of quartzose sand-
stones derived from granitic terrains (e.g., sample
GC531-4 as shown in Fig. 6). Apatite from samples
of Permian Boorthanna Formation (GC531-2) and
Proterozoic Cadney Park Formation (GC531-3) from
Manya-2 contain apatites with broad ranges of ClI
contents, up to 2.1 wt.% in sample GC531-2 (Fig. 6),
suggesting the presence of a range of volcanogenic
detritus (Duddy, unpublished results; Mitchell, 1998).

4.4. AFTA thermal history interpretations

Thermal history constraints from each sample in
terms of the magnitude and timing of paleotempera-
tures (£ 95% confidence limits) are summarised in
Table 3. The constraints listed in Table 3 are derived
from the maximum likelihood solutions of the AFTA
results in each sample for two thermal episodes.
Examples of these solutions, plotted in time—temper-
ature space, are presented in Fig. 7 for the three samples
from the Giles-1 well. The solution for sample GC531-
11 from the Cambrian Relief Sst (present temperature
35 °C) indicates cooling from paleotemperatures of 95
to 100 °C beginning at some time between 400 to 250
Ma, followed by cooling from 75 to 85 °C, at some
time between 125 and 5 Ma. The solution for sample
GC531-12 from the underlying Precambrian Tanana
Formation (present temperature 36 °C) is very similar,
with cooling from paleotemperatures of 100 to 105 °C

beginning at some time between 350 to 200 Ma,
followed by cooling from 70 to 85 °C, at some time
between 110 and 10 Ma. The results from both samples
would also allow an intervening thermal episode with
cooling from paleotemperatures intermediate between
those in the two defined episodes, as illustrated sche-
matically by the horizontal-hatched area in Fig. 7.
Support for such an intervening episode comes from
the solution for the deepest Precambrian sample,
GC531-13 (Meramangye Formation, present temper-
ature 51 °C). The AFTA solution indicates cooling
from 100 to 105 °C beginning between 210 and 110
Ma, followed by cooling from 85 to 90 °C between 70
and 10 Ma. Note, the AFTA results for sample GC531-
13 provide no direct evidence for any part of the
thermal history prior to 210 Ma because of the near
total annealing of a fission tracks in the 210 to 110 Ma
episode. However, higher paleotemperatures are
allowed by the data at any time prior to 210 Ma, as
illustrated for a notional episode described by the
crosshatched area in Fig. 7. Thus, integration of the
AFTA results from individual samples in this way
allows a more complete picture of the post-Cambrian
thermal history of the region to be built, even where
younger rocks are no longer preserved.

Timing constraints at + 95% confidence limits
obtained from the maximum likelihood solutions in
all AFTA samples in the five Officer Basin wells
studied are illustrated by the horizontal bars in Fig. 8.
Assuming that the paleo-thermal episodes identified
in individual samples from a well represent pervasive,
synchronous events, then the overlap in AFTA-
derived timing from the individual samples can pro-
vide a better estimate of the timing of discrete events,
as discussed for each well in the following section.
Also shown on Fig. 8 are the time ranges of major
regional unconformities: 560 to 540 Ma (Petermann
Ranges Orogeny); ~ 510-490 Ma (Delamerian
Orogeny); 370—-300 Ma (Alice Springs Orogeny),
260—150 Ma; and 95—40 Ma, with which the timing
constraints from individual samples may be com-
pared.

4.4.1. Giles-1

Thermal history solutions for the Giles-1 samples
have been described in detail above and are shown in
Fig. 7. In summary, at least two, but possibly more,
thermal episodes are required by the AFTA data in the
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single Cambrian (GC531-11) and two Neoproterozoic
samples (GC531-12 and -13) analysed. At least one
post-Early Cretaceous (<110 Ma) thermal episode is
required in the deepest Neoproterozoic Meramangye
Fm sample (GC531-13) with cooling from peak
paleotemperatures of 85 to 95 °C beginning at some
time between 70 and 10 Ma (Maastrichtian to Late

Miocene). Results from the two shallower samples are
consistent with a similar magnitude of cooling begin-
ning during that same time interval, but also allow
cooling to have begun somewhat earlier; between 125
and 10 Ma in sample GC531-11 and between 110 and
10 Ma in sample GC531-12 (Fig. 8). It is possible that
cooling occurred in a number of discrete episodes

Manya 2 Manya 5 Giles 1
GC531-1 GC531-6 GC531-11
GC531-2 GC531-7 GC531-12

N
GC531-3 GC531-8 30 GC531-13
20
[‘ B 10
5 10 1520
Track Length (um)
Manya 6 SMD 5001
GC531-4 [ GC531-9
Nt Gessis N1 6essi-10
30 30
20 20 [
10 10 [
5101520 5 10 15 20
Track Length (pm) Track Length (um)

Fig. 5. Confined track length distributions for all samples in Table 2. All track length distributions are normalised to 100 tracks.
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Fig. 6. Chlorine content histograms and plots of fission track age versus chlorine content for samples GC531-2 and GC531-4.

beginning in the mid-Cretaceous, but the available
data do not allow these episodes to be uniquely
resolved.

The AFTA results from Giles-1 also require at least
two, and possibly more, pre-Albian (>110 Ma) ther-
mal episodes (Table 3; Figs. 7 and 8). Timing con-
straints from the closely spaced samples GC531-11
and -12 display the largest overlap, consistent with
cooling from ~ 100 °C beginning at some time be-
tween 350 and 250 Ma (Carboniferous—Permian).
Results from sample GC531-13 indicate a distinctly
younger thermal episode, with cooling from a similar
paleotemperature ( ~ 100 to 105 °C) not occurring
until 210 to 110 Ma (Late Triassic to Albian). As
illustrated schematically in Fig. 7, the AFTA results in
this sample would allow an earlier thermal episode
involving paleotemperatures >105 °C between 350
and 250 Ma, as required by AFTA in the shallower
samples.

Analysis of timing overlaps in this well does not
provide unique constraints, but although there is some
uncertainty in the precise timing of the thermal
episodes revealed by AFTA, the occurrence of at least
two thermal episodes prior to the Albian is clear.

4.4.2. Lake Maurice West-1

At least two, but possibly more, thermal episodes
are required by the AFTA data in the two Cambrian
and Precambrian samples (GC531-9 and -10) ana-
lysed from Lake Maurice West-1. In the earliest
episode revealed by AFTA, overlapping timing con-
straints suggest that both samples began to cool at
some time between 310 and 190 Ma (Late Carbon-
iferous to Early Jurassic); sample GC531-9 from 95 to
100 °C and sample GC531-10 from 100 to 105 °C.
AFTA also indicates a second consistent thermal
episode, with cooling beginning between 110 and 20
Ma (Albian to Early Miocene): sample GC531-9 from
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Table 3

Paleotemperature analysis summary from AFTA samples from the Officer Basin, South Australia

AFTA  Stratigraphic From AFTA and VR

sample unit B - - -

number Oldest episode (s) Intermediate episode (s) Recent episode (s)

(GC-) Maximum Onset of Maximum Onset of Maximum Onset of

paleotemperature® cooling paleotemperature® cooling paleotemperature® cooling
(°0) (Ma) (°0) (Ma) (°C) (Ma)

Manya-2

531-1 Mt Toondina Not applicable (70—110) (Post-Depn) <90 90 to 0
(245.5-247.7 m, Permian)

531-2 Boorthanna Not applicable (85-110) (Depn to 80) 60—85 70 to 0
(492.9-494.3 m, Permian)

531-3 Cadney Park 105-110 300 to 200 (85-105) (200 to 110) 75-90 110 to 10
(510—516 m, Cambrian)

Manya-6

531-4 Cadney Park 105-110 32510200 (85-105) (200 to 70) 75-85 70 to 0
(448.2—-448.8 m, Cambrian)

531-5 Relief Sst (95-130) (Depn to 50) (95-105) (350 to 50) <105 110 to 0
(1699.6—1701.2 m, Cambrian)

Manya-5

531-6  Relief Sst 100-110 300 to 190  (85-100) (190 to 90) 75-85 90 to 15
(455.1-455.5 m, Cambrian)

531-7 Murnaroo >105 270 to 200  (85-105) (200 to 110) 65-85 110 to 0
(459.0—-459.6 m, Precambrian)

531-8 Tarlina Sst 100-105 310 to 160  (85—-100) (160 to 80) 75-85 80 to 0
(1054.5—1055.8 m, Precambrian)

Lake Maurice West-1

(SMD 5001)

531-9 Relief Sst 95-100 340 to 190  (80-95) (190 to 110) 60—80 110 to 0
(217.7-218.7 m, Cambrian)

531-10 Murnaroo 100-105 310 to 190  (85-100) (190 to 110) 75-85 110 to 20
(488.2—488.8 m, Precambrian)

Giles-1

531-11 Relief Sst 95-100 400 to 250 (85-95) (250 to 125) 75-85 125t0 5
(416.6—-416.9 m, Cambrian)

531-12 Tanana 100-105 350 to 200 (85-100) (200 to 110) 70-85 110 to 10
(422.3-422.6 m, Precambrian)

531-13 Meramangye (>105) (>210) 100105 210 to 110 85-90 70 to 10

(1063.4—1063.8 m, Precambrian)

Bracketed and italicised constraints indicate paleo-thermal episodes which are allowed by AFTA, but not required.
? All AFTA paleotemperature estimates are derived assuming a heating rate of 1 °C/Ma and a cooling rate of 10 °C/Ma (see text).

60 to 80 °C and sample GC531-10 from 75 to 85 °C
(Table 3; Fig. 8).

4.4.3. Manya-2, Manya-5 and Manya-6

At least two, but possibly more thermal episodes
are required to account for the AFTA data in the six
Cambrian and Precambrian samples analysed from

Manya-2 (GC531-3), Manya-5 (GC531-6, -7 and -8)
and Manya-6 (GC531-4 and -5).

In the earliest episode revealed by AFTA, over-
lapping timing constraints suggest all samples began
to cool at some time between 270 and 200 Ma
(Permian to Triassic); sample GC531-3 from 105 to
110 °C (300 to 200 Ma), sample GC531-4 from 105 to
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Fig. 7. AFTA thermal history solutions for the three samples from Giles-1. The shaded polygonal areas represent the + 95% confidence limits
on the two thermal episodes resolved in each sample. The horizontal-hatched area represents a thermal episode allowed by the results in samples
531-11 and 12, with cooling from paleotemperatures intermediate between those in the two defined episodes. Similarly, the crosshatched area
depicts a notional event allowed by the results in sample 531-13, but which cannot be resolved due to the high paleotemperatures experienced

more recently.

110 °C (325 to 200 Ma), sample GC531-6 from 100 to
110 °C (300 to 190 Ma), sample GC531-7 from
>105 °C (270 to 200 Ma) and sample GC531-8 from
100 to 105 °C (310 to 160 Ma). Results from sample
GC531-5 allow, but do not require, elevated paleo-
temperatures during this interval (Table 3; Fig. 8).

The similarity in paleotemperatures experienced by
each sample (Table 3) for the overlapping time inter-
vals suggests either that the thermal gradient was very
low (Fig. 9), or that the effects of two different
thermal episodes have not been resolved. For exam-
ple, two events similar in timing to those revealed in
Giles-1 would also be compatible with the Manya-2,
Manya-5 and Manya-6 results; viz. 350 to 250 and
210 to 110 Ma.

Overlapping AFTA timing constraints also suggest
a second consistent thermal episode, with cooling
beginning between 70 and 15 Ma (Maastrichtian to
mid-Miocene): sample GC531-3 from 75 to 90 °C,
sample GC531-4 from 75 to 85 °C, sample GC531-6
from 75 to 85 °C, sample GC531-7 from 65 to 85 °C
and sample GC531-8 from 75 to 85 °C.

Atleast one thermal episode is required by the AFTA
data in the Permian samples (GC531-1 and -2) analysed

from Manya-2, with cooling from 60 to 85 °C begin-
ning at some time within the last 70 Ma. An earlier
episode of cooling from 85 to 110 °C beginning
between deposition (at ~ 280 Ma) and 80 Ma is
allowed but not required. Results from the deeper
Manya-2 samples indicate a thermal episode between
the Early Permian and 200 Ma is also required.

4.4.4. Summary of AFTA thermal history constraints

In summary, the AFTA results alone reveal that the
Cambrian and older sections were subjected to a
number of pre- and post-Permian thermal episodes
across the eastern Officer Basin. Results from all
wells are consistent with a cooling from a thermal
episode beginning at some time between the Maas-
trichtian and Miocene, 70 to 20 Ma (Fig. 8). AFTA
results from Giles-1 indicate at least two pre-Creta-
ceous thermal episodes with the favoured interpreta-
tion of the overlapping timing constraints suggesting
cooling beginning between 350 and 250 Ma (Carbon-
iferous— Permian) and between 210 and 110 Ma (Late
Triassic—Albian).

In Manya-2, -5 and -6 and Lake Maurice West-1, at
least one earlier, higher temperature events is revealed
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Fig. 8. Summary of AFTA-derived timing constraints for all well samples from the Officer Basin. The horizontal hatched boxes indicate the
stratigraphic age constraints for each sample and the solid horizontal bars indicate the time range (95% confidence limits) of each thermal
episode required by AFTA in that sample. Dashed horizontal bars mark thermal episodes, allowed, but not required, by AFTA. The left-pointing
solid bars indicate the allowed timing range derived from AFTA for the maximum paleotemperatures (as indicated) derived from organic
maturity data. For example, in sample 531-4 from Manya-6 a maximum paleotemperature of 145 °C, is only allowed by the AFTA results in the
same unit prior to 280 Ma. The various shaded columns indicate time ranges (see text and Figs. 2 and 3) in which tectonic events are likely to
have occurred (e.g. Hoskins and Lemon, 1995), or after 300 Ma, where no regional sedimentary record is currently preserved. These time ranges
can be compared with the AFTA constraints.

with cooling beginning between 270 and 200 Ma jected in the Late Permian to Late Triassic means that
(Late Permian to Late Triassic). The high paleotem- the AFTA data allows, but cannot resolve, even higher
peratures to which the analysed samples were sub- paleotemperatures in the period between Cambrian or
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Fig. 9. Plot of AFTA derived paleotemperatures versus depth for the 70- to 20-Ma episode in Manya-5 (data from Table 4). The dashed line
shown for comparison is the assumed present-day gradient of 25°/km.

Precambrian deposition and the recognised thermal
episodes. Further insight into this aspect of the ther-

mal history is obtained by integration with the organic

multiple events may be unresolved within the over-
lapping time intervals interpreted from the AFTA
results.

maturity data discussed in a later section.

For these reasons, only the paleotemperature con-
straints obtained from the pervasive Maastrichtian—
Miocene thermal episode (70 to 20 Ma) are used to
provide some general information on the paleogeo-
thermal gradient (e.g., Manya-5, Fig. 9). Table 4
shows calculated geothermal gradients for various
wells. Calculations were only made for pairs of

4.5. Estimation of paleogeothermal gradient and
mechanisms of heating and cooling

Paleotemperature estimates over a range of depths
for a given thermal episode revealed by AFTA can be
used to constrain the paleogeothermal gradient for that

samples with depth differences of approximately
particular time interval (Bray et al., 1992). In the wells

500 m or greater and with suitable paleotemperature
studied here, paleotemperature profiles are generally data.
defined by only two samples per well over a limited

depth range, and therefore rigorous determination of
paleogeothermal gradients is not possible. Further-
more, a number of the thermal episodes identified in
the time interval prior to the Tertiary are represented
by only single samples, with some evidence that

Mean gradients for the 70 to 20 Ma episode range
between 16 and 0 °C/km but are not tightly con-
strained, with maximum allowed values ranging from
~ 17 to 33 °C/km (Table 4). These values are within
the normal crustal range and are broadly consistent

with the value of 25 °C/km assumed for the present-
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day gradient. The limited vertical spread of results and
the difficulty in resolving individual events in the low
temperature part of the thermal history are the main
reasons for the uncertainties in thermal gradient esti-
mates. In general terms, paleogeothermal gradients of
this level, when combined with the AFTA paleotem-
perature estimates for this episode (Table 3), suggest
kilometre-scale erosion associated with cooling begin-
ning between 70 and 20 Ma across the region. A more
detailed treatment is not considered warranted at this
stage.

While no effective paleogeothermal gradient con-
straints could be obtained for the earlier thermal
episodes, subsequent cooling in each of these episodes
is also interpreted to have been associated with kilo-
metre-scale erosion for any reasonable paleogeother-
mal gradient. This conclusion does not preclude
elevated basal heat flow as a mechanism of heating
in these thermal episodes, but simply recognises that
the magnitude of paleotemperatures revealed by
AFTA in Paleozoic and Precambrian samples at
present shallow depths necessitates kilometre-scale
erosion when combined with any reasonable basal
heat flow.

5. Integration of AFTA with organic maturity data
5.1. Organic maturity data

Organic maturity data are extremely sparse in the
Officer Basin, primarily as a result of the age of the
preserved stratigraphic section. Limited vitrinite
reflectance and FAMM data are available from thin,
and discontinuous Permo-Carboniferous sediments,
while a small number of equivalent VR values

Table 4
Paleogeothermal gradients for the 70- to 20-Ma AFTA episode

(VRE) determined from methylphenanthrene index
(MPI) values are available for a number of Cambrian
and Proterozoic samples studied (Table 5). Maximum
paleotemperatures have been estimated from these VR
and VRE values using the EasyRo calculation (Burn-
ham and Sweeney, 1989; Fig. 10).

5.2. Paleozoic and Neoproterozoic episodes

In Giles-1, AFTA indicates that the Early Cam-
brian and Neoproterozoic sections cooled from ele-
vated temperatures of around 100 °C beginning
between 350 and 250 Ma. A maximum paleotemper-
ature of approximately 110 °C estimated from VRE
values derived from the Neoproterozoic Alinya For-
mation (Table 5) is similar to the maximum temper-
ature estimated from AFTA in related samples,
suggesting that AFTA does record the time of max-
imum paleotemperatures. The Carboniferous—Per-
mian time of cooling of this episode (350 to 250
Ma) is consistent with uplift and erosion in the Alice
Springs Orogeny as has been observed in the Ama-
deus Basin to the north (Wells et al., 1970; Shaw,
1991; Tingate, 1990). Thus, the timing of peak hydro-
carbon source rock maturation for the Cambrian and
Neoproterozoic sections in Giles-1 is considered
likely to have occurred during the Alice Springs
Orogeny, although earlier maturation cannot be ruled
out. Fig. 10 provides a schematic thermal history for
the Giles-1 area derived from the available con-
straints.

In Manya-6, VRE results indicate that the Cam-
brian Ouldburra Formation has been heated to a maxi-
mum paleotemperature of approximately 145 °C at
some time after deposition (Table 5). Applying this
constraint to the AFTA results from Cambrian sample

Well Sample  Depth (m)  Tiax (°C)  Thin (°C)  Mean gradient (°C/km)  Min. gradient (°C/km)  Max. gradient (°C/km)
Manya-5  531-6 455 85 75 0 —16.7 16.7
531-7 457 85 65 8.4 —16.7 33.4
531-8 1055 85 75
Manya-6  531-4 449 85 75 24
531-5 1700 <105
Giles-1 531-11 417 85 75 11.7 0 234
531-12 423 85 70 15.7 0 31.3
531-13 1064 90 85
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Table 5

Vitrinite reflectance and vitrinite reflectance equivalent (VRE) data for the eastern Officer Basin (McKirdy and Michaelsen, 1994; Kamali,

1995; Keiraville Konsultants, 1994; Michaelsen et al., 1997)

Depth (m) Sample type Formation R,max (%) N MPI VRE (%)* ™ (°C)° Analyst comment
Manya-2

2553 core Mt Toondina Fm 0.40 25 65

267.0 core Mt Toondina Fm 0.35 25 55 suppressed
267.3 core Mt Toondina Fm 0.38 15 65

267.3 core Mt Toondina Fm 0.54¢ 90

4449 core Boorthanna Fm 0.51 2 85

496.5 core Boorthanna Fm 0.45 2 75

Manya-6

698.6 core extract Ouldburra Fm 1.11 1.07 145

Lake Maurice West-1

417.7 core extract Dey Dey Mudstone 0.28 0.57 95

418.2 core extract Dey Dey Mudstone 0.29 0.57 95

Giles-1

1237.0 core extract Alinya Fm 0.43 0.66 110

# Vitrinite reflectance equivalent (VRE) calculated from methylphenanthrene index (MPI).
® TM is maximum paleotemperature indicated by R,max or VRE values using EasyRo (Burnham and Sweeney, 1989) with a heating rate of

1 °C/Ma and a cooling rate of 10 °C/Ma.

¢ VRE derived from fluorescence alteration of multiple macerals (FAMM) (Wilkins et al, 1994).

GC531-4 in Manya-6 suggests that this section must
have reached maximum paleotemperatures prior to the
325 to 200 Ma AFTA episode in this sample which
only involved paleotemperatures of 105 to 110 °C
(Table 3). However, remodeling the AFTA data shows
that the VRE-derived maximum paleotemperature of
145 °C may have occurred at any time between
Cambrian deposition and approximately 280 Ma in
sample GC531-4, as shown by the constraints in Fig.
8. If this maximum paleotemperature is used as a
constraint on all of the Manya well samples, then all
AFTA results would be consistent with cooling from
145 °C at any time prior to 290 Ma (Fig. 8). It is
difficult to ascribe a more precise timing to the
maximum paleotemperature event in the Manya wells,
but on geologic grounds it probably occurred prior to
exhumation and erosion during either the Delamerian
(510—490 Ma) or Alice Springs Orogenies (370—300
Ma) which are known to have affected the broader
region. A schematic thermal history for the Manya
area drawn from all available constraints is shown in
Fig. 10.

VRE values in Lake Maurice West-1 suggest a
maximum paleotemperature for the Neoproterozoic of
approximately 95 °C (Table 5), which is a little lower

than the paleotemperature of 100 to 105 °C required
between 310 and 190 Ma by AFTA data for the
slightly deeper Neoproterozoic sample GC531-10
(Table 3). On balance, it is likely that peak source
rock maturation in Lake Maurice West-1 occurred
during this episode recorded by AFTA, and was
associated with the final stages of the Alice Springs
Orogeny (370 to 300 Ma), although a time as young
as 190 Ma is possible.

5.3. Permian—Triassic episodes

AFTA data from Manya-2, -5 and -6 and Lake
Maurice West-1 show consistent evidence of cooling
from elevated temperatures beginning between 270
and 200 Ma, after deposition of the Permian section
preserved in the Manya-2 well (Fig. 8). The AFTA-
derived thermal history of sample GC531-4 from
Manya-6 illustrates this event (Fig. 10). Also shown
in Fig. 10 are maximum paleotemperature constraints
from vitrinite reflectance data (Table 5) from the
shallower Permian units in Manya-2 (Keiraville Kon-
sultants, 1994), and the AFTA thermal history con-
straints from Permian sample GC531-2 in the same
well. VR levels vary from 0.35 to 0.51 (R,max), but
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an associated FAMM VRE of 0.54% and organic
petrology observations (Keiraville Konsultants, 1994)
further suggest that the lower reflectance values are
likely to be geochemically suppressed, and the higher

269

values that give a maximum paleotemperature of 90 °C
(Table 5) are considered the most reliable indicators of
thermal maturity. Combining this constraint with the
AFTA data in sample GC531-2, suggests that a max-
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Fig. 10. Schematic illustration of the regional thermal history of the Officer Basin established in this study based on for AFTA thermal history
solution for samples GC531-2 (Manya-2), GC531-4 (Manya-6) and GC531-11 (Giles-1) together stratigraphic and organic thermal maturity
constraints (Tables 3 and 5; Fig. 8). The dashed lines indicate possible thermal histories for selected horizons in each well linked to successive
periods of heating associated with burial, and cooling associated with erosion. Borehole stratigraphic constraints refer to stratigraphy preserved
within the borehole; basin constraints refer to the maximum extent of preserved sedimentation within the eastern Officer Basin; and regional
constraints refer to the preserved stratigraphy in the neighbouring regions.
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imum paleotemperature of 90 °C could only have
occurred between Permian deposition and 210 Ma
(Fig. 8), consistent with the 270 to 200 Ma episode
defined by the AFTA results in the older section.

6. Regional geological considerations
6.1. Early cretaceous to late tertiary events

Fig. 10 illustrates the time and temperature con-
ditions that satisfy the AFTA results in one sample
from Giles-1 (GC531-11) and two samples from the
Manya-2 and -6 wells, GC531-2 and GC531-4, res-
pectively. Available stratigraphic constraints derived
from each well, regional information and other ther-
mal maturity indicators are also shown. In the case of
the post-Albian AFTA episode(s), the overlapping
AFTA timing constraints obtained from all samples
(70 to 20 Ma) is assumed to apply in all of the wells
studied. This Late Cretaceous—Tertiary cooling epi-
sode in the Officer Basin appears to be part of a larger
regional pattern of cooling recognised by other fission
track studies (Fig. 11). Areas exhibiting cooling at
similar times include the southern Arunta and north-
ern Musgrave Blocks and Amadeus Basin (Tingate,
1990), the western margin of the Eromanga Basin
(Tingate and Duddy, 1996) and the Adelaide Fold Belt
(Mitchell et al., 1998; Foster et al., 1994; Gibson and
Stuwe, 2000).

The youngest deposits in the study area are scat-
tered, unconsolidated, paleochannel deposits of the
late Middle Eocene—Pliocene Immarna Group (Ben-
bow et al., 1995) which occur in the southern part of
the Officer Basin. The presence and unconsolidated
nature of these Tertiary deposits suggests that little of
the regional erosion associated with this cooling
episode occurred after 40 Ma.

No definite mid-Cretaceous thermal episode is
defined by the overlap of AFTA timing constraints
in all samples for the wells studied. However, results
in most samples could accommodate a thermal epi-
sode from which cooling began between 110 and 70
Ma (Fig. 8), and this would be consistent with a
regional unconformity separating the Early Creta-
ceous Bulldog Shale of the Mesozoic Eromanga Basin
succession (Krieg et al., 1995) from thin Tertiary
sands, spanning the time interval 95 to 40 Ma (Fig. 8).

The elevated paleotemperatures recorded by AFTA
for this time interval are consistent with a greater
depth of burial followed by erosion, but the lack of
rigorous estimates of paleogeothermal gradient pre-
cludes accurate estimates of former burial depths prior
to cooling beginning between 95 and 40 Ma. A
general estimate can be made using the paleotemper-
ature estimates for each sample given in Table 3,
assuming a paleo-surface temperature of 25 °C and a
paleogeothermal gradient of 25 °C/km. On this basis,
the Paleozoic and Proterozoic rocks now at outcrop in
the Officer Basin are estimated to have undergone
around 1 to 2 km of erosion between 95 and 40 Ma.

In the Poolowanna Trough, 500 km north—west of
the study area, the maximum preserved thickness of
Bulldog Shale and overlying Cretaceous formations is
approximately 2 km, including 1 km of Albian—
Cenomanian Winton Formation (Moore and Pitt,
1982). The Winton Formation is the youngest forma-
tion in the Eromanga Basin and has a depositional age
range of 97—90 Ma (Krieg et al., 1995). Burial of this
age and magnitude could explain the elevated post-
Early Cretaceous paleotemperatures derived from the
AFTA data, for cooling beginning at any time since 90
Ma. Some additional support for this magnitude of
erosion come from the degree of gellification of
telovitrinite in the Permian Mt Toondina Formation
in Manya-2 which suggests a maximum depth of
burial at least 1 km greater than the present burial
depth (Keiraville Konsultants, 1994).

Combining the AFTA and stratigraphic constraints,
it is likely that an originally thicker and more exten-
sive equivalent succession to the Eromanga Basin
sequence was present over much of the eastern Officer
Basin, and this was eroded between 70 and 40 Ma,
although erosion starting as young as 110 Ma would
be allowed by much of the AFTA data.

6.2. Permian—Triassic events

A 270- to 200-Ma thermal episode is revealed by
AFTA in most of the Officer Basin wells studied.
Assuming that additional burial is the major cause of
heating in the 270 to 200 Ma episode, the AFTA time
constraints suggest that a greater thickness of Permian
and/or Triassic strata was once present in the basin.
Within the basin, the youngest preserved Permian unit
is the Mt Toondina Formation, which ranges in age
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Fig. 11. Map showing regions with fission track thermal history constraints referred to in the text: (1) Arunta Block, (2) Amadeus Basin and (3)
Musgrave Block (Tingate, 1990), (4) western Eromanga Basin (Tingate and Duddy, 1996), (5) northern Flinders Ranges (Foster et al., 1994), (6)
Flinders Ranges (Mitchell, 1998) and (7) Adelaide Hills (Gibson and Stuwe, 2000).

from 270 to 260 Ma. If the observed paleotemper-
atures were caused by greater burial then the time
range over which elevated paleotemperatures could
have occurred can be further constrained to between
260 and 200 Ma by using the AFTA constraints.
Estimates of the magnitude of former burial prior
from paleotemperatures experienced prior to cooling
beginning between 270 and 200 Ma range from
approximately 2 to 3 km assuming a paleo-surface
temperature of 25 °C and a paleogeothermal gradient
of 25 °C/km. Without constrained paleogeothermal
gradients, any estimates of eroded section should be
treated only as indications of the magnitude of ero-
sion.

The Permian deposits that overlie the Officer Basin
are part of the Arckaringa Basin succession which has
a maximum preserved thickness of 1 km approxi-
mately 150 km west of the Officer Basin. The top of
this succession has vitrinite reflectance values around
0.5% which suggests that the preserved succession is

itself likely to be a remnant of a once thicker section
(Moore, 1982).

An episode of similar age and magnitude has been
identified from apatite fission track results by Tingate
(1990) in the Amadeus Basin, Arunta Block and the
northern part of the Musgrave Block (Fig. 11). AFTA
results from one shallow Cambrian sample from near
the western margin of the Eromanga Basin (Fig. 11)
reported a paleotemperature of 60—90 °C prior to
cooling, beginning between 300 and 100 Ma (Tingate
and Duddy, 1996).

6.3. Paleozoic events

It has not been possible to determine the geo-
thermal gradients acting during any of the pre-Late
Cretaceous thermal episodes revealed by AFTA. In
general, however, maximum temperatures during the
Paleozoic episodes are around 100 °C (Table 3) and
therefore for any range of geologically reasonable
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geothermal gradients, kilometre-scale erosion is
required.

In Giles-1, the cooling beginning between 350 and
250 Ma is considered likely to be associated with the
Alice Springs Orogeny (Figs. 2 and 3). There is
evidence of this event in regions adjoining the study
area with more precise timing constraints. Late Dev-
onian—Carboniferous deformation and erosion in the
Amadeus Basin and Arunta and Musgrave Blocks
occurred as part of the Alice Springs Orogeny (For-
man, 1966). K—Ar and Rb—Sr isotopic mineral ages
suggest that the main phase of compressional defor-
mation occurred between 330 and 310 Ma (Shaw et
al., 1984). Fission track data in the region are also
consistent with a cooling event at this time (Tingate,
1990). Fission track data from the Mesoproterozoic
Musgrave Block and Cambrian sedimentary rocks
near the western margin of the Eromanga Basin also
show evidence of cooling from temperatures greater
than 100 °C starting between 360 and 300 Ma
(Tingate and Duddy, 1996). Cooling of similar age
and magnitude has also been reported further south in
the Adelaide Fold Belt (Mitchell et al., 1998; Foster et
al., 1994; Gibson and Stuwe, 2000).

7. Implications for hydrocarbon exploration

The regional distribution of published Neoproter-
ozoic, Cambrian and Devonian VRE values derived
from methylphenanthrene index (MPI) data (Grave-
stock and Hill, 1997) are shown in Fig. 12. The VRE
values vary from 1.7% to 0.57%, generally decreasing
to the southwest, a trend which is not related to
present depth or temperature. Maturity levels greater
than 1.0% are associated with regions which experi-
enced or were proximal to active thrusting during the
Neoproterozoic or Paleozoic (Gravestock and Hill,
1997). In general, the Neoproterozoic sedimentary
rocks have similar or lower VRE values than the
Cambrian samples (Fig. 12), suggesting that the tim-
ing of maximum paleotemperatures is Cambrian or
younger. In Fig. 12, locally low Neoproterozoic VRE
values (e.g., Observatory Hill-1) do not occur in wells
with high Cambrian values and appear to reflect local
variability in the thermal history of the region. The
presence of Neoproterozoic-sourced oil in Cambrian
sandstones in Observatory Hill-1 (Gravestock and

Hill, 1997) also supports this timing constraint. In
Munyarai-1 similar high VRE values from Neoproter-
ozoic and Devonian samples (Fig. 12) suggest max-
imum paleotemperatures occurred, at least locally,
post-Devonian. However, no other VRE data exist
for the post-Cambrian section in the basin.

The thermal history interpreted from the AFTA
data demonstrates the presence of major thermal
episodes significantly younger than the youngest
deformational event recognised in the basin, the Alice
Springs Orogeny (370 to 300 Ma). Near the north-
eastern margin of the basin in Manya-2, -5 and -6, the
AFTA data indicate that the Permian, Cambrian and
Neoproterozoic section cooled from high paleotem-
peratures in at least two events between 270 and 200
Ma and again between 70 and 15 Ma. The AFTA data
are consistent with earlier higher temperature events
(>145 °C) indicated by a VRE values in the Manya-6.
Therefore, peak maturation in these wells is likely to
have been associated with either the Alice Springs or
Delamerian Orogenies.

In Giles-1, the similarity of maximum paleotem-
peratures derived from AFTA and VRE strongly
suggest that peak maturation occurred prior to the
Permian. The timing constraints are not very precise
but peak maturation probably occurred during the
Alice Springs Orogeny. Further southwest in Lake
Maurice West 1, the maximum paleotemperatures
indicated by AFTA are slightly higher than those
estimated from Neoproterozoic VRE values and peak
maturation therefore occurred prior to the latest Tri-
assic.

Significantly, the reconstructed thermal histories do
not preclude relatively young source rock maturation
in the Officer Basin. The identification of elevated
temperatures in the Devonian to Triassic in Giles-1
and Lake Maurice West-1 tends to upgrade petroleum
prospectivity as any hydrocarbon accumulation gen-
erated does not necessarily have to occur early in the
history of the basin (Late Neoproterozoic to Late
Cambrian, depending on the age of the source inter-
val). If peak maturation occurred later, there is greater
chance of preservation of accumulations as they
would not have experienced as many deformation
episodes since emplacement. The Amadeus Basin to
the north of the Officer Basin has economic accumu-
lations with a similar style of thermal history to the
Officer Basin (Tingate, 1990). Peak maturation of
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Fig. 12. Maturity (vitrinite reflectance equivalent %) map derived from MPI data for Devonian, Cambrian and Neoproterozoic rocks in the

eastern Officer Basin.

source rocks associated with the Palm Valley Gas
Field and Mereenie Oil Field probably occurred prior
to cooling starting between 240 and 170 Ma (Tingate,
1990). The AFTA data also indicate that the thin
Permian and Mesozoic successions overlying the
Officer Basin are themselves early mature.

8. Conclusions

Integration of the AFTA fission track results and
limited organic maturity data has revealed that at least
three and possibly more, regional thermal episodes
have affect the Officer Basin sequence between the
Devonian and the present day. All of the events must
have involved kilometre-scale erosion even allowing
for the possibility of elevated basal heat flow asso-
ciated with some episodes.

The study demonstrates the unique ability of AFTA
fission track results in constraining the thermal, burial
and hydrocarbon maturity history of old basins where

conventional technologies cannot be applied. Integra-
tion with organic maturity data, including MPI data,
provides further insights into the thermal and hydro-
carbon maturation histories not available from either
technique when used in isolation. In particular, ther-
mal history reconstruction has allowed ranking of
previously recognised tectonic events in terms of their
thermal importance, but has also revealed younger
thermal events that have a significant impact on
hydrocarbon prospectivity.

Finally, the thermal history of the Officer Basin has
not been completely resolved but the importance of
younger thermal episodes, apparently related to tec-
tonic events better preserved in the geological histor-
ies of neighbouring basins, has been clearly revealed.
The possibility of younger thermal events affecting
ancient sedimentary basins is not surprising in itself,
but until recognised it is natural for workers in ancient
basins to tend to stress the importance of geological
events recorded in the preserved sedimentary record,
even though such early events may not be the major
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control on the thermal history or timing of peak
maturation.
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