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SUMMARY

Australia and North America are the only two continent-wide regions, currently, with the
complete wavelength spectrum of magnetic anomalies that can address the much-debated
issue of the existence and understanding the magnetic state of the upper mantle. The depth
to the base of magnetic sources (DBMS) has been extensively investigated in Australia in
previous studies, yielding differing DBMS estimates across the continent. In this contribution,
we re-assess the DBMS in Australia from aeromagnetic data using the defractal method,
which simultaneously estimates the DBMS and the fractal parameter of the magnetic field.
We test the effect of window size on DBMS estimates for the defractal method and conclude
that a window size 10 times the expected DBMS is required for the defractal method. We
also demonstrate the dependence of derived spectral slopes (and thereby depths) on the size
of window by comparing spectral slopes obtained from window sizes up to 1000 km. Our
analysis yields DBMS estimates between 25 and 60 km over Australia and are complexly
related to temperature structure, magnetic mineralogy and petrology and geological history.
Deeper DBMS estimates (~55—60 km) are obtained for the Yilgarn Craton (West Australian
Craton) and the Gawler Craton (South Australian Craton). These estimates are significantly
deeper than the Moho, suggesting the uppermost mantle is ferromagnetic for these cold and
old cratonic regions. Shallower DBMSs of 25-35 km are obtained in the Pilbara Craton, the
eastern and southern part of the Delamerian Orogen, the northwestern part of the Canning
Basin, Officer, Cooper and Georgina Basins and the Tasmanides. The areas of shallower DBMS
are positively correlated with high heat flow in the regions. On the other hand, regions of large
concentrations of radiogenic elements associated with the major metallogenic deposits have
high heat flow arising from the radiogenic heat, but deeper DBMSs, for example the eastern
margin of the Gawler Craton covered by Neoproterozoic Adelaide Rift Complex, the McArthur
Basin, the Pine Creek Inlier.

Key words: Magnetic anomalies: modelling and interpretation; Fourier analysis; Fractals
and multifractals.

flow through bore-hole temperature and thermal conductivity mea-

I INTRODUCTION surements. The bore-hole data mainly provide information about

The thermal structure of the continental lithosphere is influenced
by the complex interplay of the ancient geological process and re-
cent tectonic activity. Understanding the thermal architecture of a
continent is important because it informs us of crustal rheology,
mechanisms of deep crustal seismicity, seismic wave attenuation,
and geothermal gradients. It also helps in understanding the per-
turbations in the geothermal gradients from tectonic influences and
the distribution of heat-producing elements. The thermal structure
of a region is usually obtained directly from measurements of heat

© The Author(s) 2021. Published by Oxford University Press on behalf of The Royal Astronomical Society. All rights reserved. For

the shallow thermal anomalies but have uneven spatial distribu-
tion. Therefore, it is difficult to map the regional thermal structures
from the bore-hole data especially in regions of sparse data or when
bore holes are affected by hydrologic conditions. Aeromagnetic sur-
veys provide excellent spatial resolution at multiple scales, and are
cost-effective for depicting upper crustal geology and regional ther-
mal conditions (e.g. regions of high heat flow leading to elevated
Curie isotherm and vice versa). The depth to the base of magnetic
sources (DBMS), often referred to as the Curie point depths, can
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be estimated from spectral analysis of magnetic data and are used
as a proxy for lithospheric thermal variation and constraining the
tectonic evolution of a region (Tanaka er al. 1999; Salem et al.
2014). The temperature above which magnetic minerals lose their
spontaneous magnetism is known as Curie temperature (580 °C
for magnetite, Dunlop & Ozdemir 1997). The depth in the Earth’s
lithosphere where the Curie temperature occurs is known as the
Curie depth or Curie-point depth (Bhattacharyya & Leu 1975). The
DBMS may, however, be a temperature as well as compositional
boundary between the magnetic and non-magnetic lithosphere, as
estimates of the DBMS are influenced by ferromagnetic minerals
such as magnetite, titanomagnetite, hematite, pyrrhotite or native
iron/iron-alloys, all having different Curie temperatures. Thus, the
DBMS may be considered a temperature or a compositional bound-
ary between the magnetic and non-magnetic lithosphere.

Estimating the DBMS is a challenging task. Different estimation
methods and parameters used in the estimation, if not chosen with
adequate precautions, can result in significantly different values.
Chopping & Kennett (2015) and Li et al. (2017) calculated the
DBMS in Australia for fractal source distribution using different
spectral approaches and their results are very different (Figs 1a and
b). Chopping & Kennett (2015) used an automatic method based
on the Maus et al. (1997) and Bouligand et al. (2009) approach
and estimated the DBMS using the fit of observed and modelled
spectra. They stabilized the low wavenumber part of their spectra
using spectra from overlapping windows and obtained depths from
ensembles of solutions over a region where depths are weighted by
inverse misfit to the average of logarithm of power spectrum. Li
et al. (2017) used the modified centroid method with smaller spatial
windows (~100-300 km). We investigate, in this paper, whether
such small windows, without stabilizing long-wavelengths, are ca-
pable of detecting deep DBMSs (by comparing derived spectral
slopes, and thereby depths, from different window sizes).

Recently, Olsen et al. (2017) published the LCS-1 model, which
is a global model of Earth’s lithospheric field based on magnetic
observations collected by the CHAMP and Swarm satellite mis-
sions. They used the Australian aeromagnetic data to substantiate
the wavelength content of LCS-1 model because this continent has
modern aeromagnetic observations and contain the entire spectrum
of wavelengths for estimation of shallow and deep depths of anoma-
lous magnetic bodies. The LCS-1 model does not have reliable
wavelengths <250 km all over Australia and moreover disentan-
gling the depth extent of magnetization and variation of magnetic
properties is not readily possible without knowing one or the other.

We use the defractal method (Salem ef al. 2014; Ravat et al.
2016) to estimate the DBMS from high-resolution aeromagnetic
data of Australia. The defractal method is based on the consistency
of results from the defractal centroid and the defractal spectral
peak modelling. The method simultaneously leads to an estimate
of the fractal parameter of the magnetic anomaly field and depths.
An advantage of this method is that has fewer assumptions. The
spectral method undertaken in this study are used to determine
the DBMS and to understand magnetization variation within the
Australian continent. We then interpret the estimated DBMS in
detail in terms of geology and tectonics of the region in the context
of Moho and available heat flow data and address if the Australian
continental upper mantle can be magnetic or not (Wasilewski et al.
1979; Wasilewski & Mayhew 1992; Ferré et al. 2014). Ravat (2019)
demonstrated that in the Archean eastern Superior Craton, North
America (see also Ferré e al. 2020), the base of magnetization is
well within the mantle.

The base of magnetization in Australia 531

2 BACKGROUND OF THE METHODS
FOR ESTIMATING THE DBMS

In the Fourier domain, there are several approaches used for es-
timating the DBMS from the power/amplitude spectra of the 2-
D magnetic anomaly for random and uncorrelated distribution of
magnetic sources (Bhattacharyya & Leu 1975) and scaling/fractal
distribution of magnetic sources (Maus et al. 1997). Methods used
to calculate the DBMS include: the modelling of the spectral peak
(Ross et al. 2006; Ravat et al. 2007); the centroid method (Bhat-
tacharyya & Leu 1977; Okubo et al. 1985); the combined centroid
and matched filtering (Guimaraes et al. 2014); the modelling of
fractal magnetization (Bouligand ez al. 2009; De Ritis et al. 2013);
the modified centroid method (Bansal ef al. 2011) and the defractal
method (Salem ef al. 2014).

The theoretical 2-D amplitude spectra of the total observed mag-
netic field (4,) for random and uncorrelated distribution of mag-
netization can be written as a function of magnetization amplitude
spectra (4,,), top depth (Z,) and bottom depth (Z, ) of the anomalous
magnetic body (Blakely 1995),

A, (ke ky) = C (koo ky) A (ke Ky) (1)

where C is the proportionality constant. This constant depends on
the directions of magnetization and geomagnetic field, k, and k, are

the wavenumbers in the x and y directions and & = /k? + k2 in

rad km'.

It is important to recognize that, in the theoretical expression,
all linear segments of the spectra are related to the depths of some
apparent magnetic horizon. The top depths can be estimated from
the slopes of middle to high wavenumbers of the annular average
of the natural log (In) of the amplitude spectra of the observed
magnetic field as,

In(4,(k)) = Cy — kZ,, 2)

where C, is a constant.

Bhattacharyya & Leu (1975, 1977) proposed the centroid method
for the estimation of centroid depth of a parallele-piped source
with uniform magnetization. The method was later modified for a
random and uncorrelated source distribution (Okubo et al. 1985;
Tanaka et al. 1999). The centroid depth can be calculated from the
slope of the low wavenumber segment of the annular average of the
natural log of a wavenumber scaled amplitude spectra as,

In (A', (k)) —In(k)=C> — kZy, 3)

where C; is a constant and Zj is the centroid depth.
The DBMS (Z}) can be estimated from the top and the centroid
depths as,

Zy=2Zy— Z,. 4)

If magnetization is fractally distributed (Pilkington & To-
doeschuck 1993) or if the sources are ensembles (Spector & Grant
1970), then there is an additional factor dependent of the wavenum-
bers that reduces the depth estimates (Maus & Dimri 1996; Fedi
etal 1997).

For these cases, the observed amplitude spectra (4, (ky, k,)) can
be written in terms of multiplication of random amplitude spectra
(A, (ky, k,)) and k£ = by assuming fractal magnetization (Salem
et al. 2014),

Ay (kes k) = Ay (koo k) K72, (5)
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Figure 1. Maps of the depth to the base of magnetization (DBMS) values estimated by (a) Chopping & Kennett (2015) and (b) Li ez al. (2017). As discussed
in the text, there are significant differences in the DBMS derived between the two studies. The black dashed lines are used to divide the region into four parts
(west, south, central, north Australia), and the red dashed line is the Tasman line delimiting eastern Australia. AF, Albany-Fraser belt; An, Anakie province; AP,
Arnhem province; Ar, Arunta Inlier; Am, Amadeus Basin; Bo, Bowen Basin; Ca, Canning Basin; Co, Cooper Basin; Cu, Curnamona Province; EB, Earaheedy
Basin; Ga, Gawler Craton; GB, Georgina Basin; Gl, Galilee Basin; GSD, Great Sandy Desert; Ki, Kimberley Craton; La, Lachlan Orogen; Lu, Lucas Craton;
Mc, MacArthur Basin; MI, Mt Isa Inlier; Mu, Musgrave Block; NE, New England Orogen; Of, Officer Basin; PC, Pine Creek Inlier; Pi, Pilbara Craton; Pj,
Pinjarra Orogen; SD, Simpson Desert; Yi, Yilgarn Craton.
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where « is the fractal parameter/index of the field, which is related to
the fractal parameter of magnetization § = o + 1 (Maus & Dimri
1994). In multifractal cases, this relationship may not hold. Eq. (5)
is also used frequently for correcting the power spectra for scaling
distribution of sources (Fedi ef al. 1997; Ravat et al. 2007; Bansal
etal. 2011).

In the defractal method (Salem et al. 2014), the effect of frac-
tal behaviour is estimated by deriving the fractal parameter of the
field and removed from the observed spectra. Thus, eq. (5) can be
defractalized by using a fractal index of the field, «,

Ay (ks k) = Ay (kes k) K. (6)

The main advantage of the defractal method is that it does not
require any a priori information about «. In the defractal approach,
« is varied until the consistency of results is obtained from the
spectral peak modelling and centroid methods. Depth estimates can
be achieved by selecting the wavenumber range a priori (e.g. Li
et al. 2013, 2017), which may or may not fit appropriately the
observed spectra, or by selecting a wavenumber range based on the
observed slope for the respective window (e.g. Bansal et al. 2011,
2016; Ravat et al. 2016; Kumar et al. 2018, 2020).

We tested the method on a 2-D synthetic magnetic field gener-
ated from a 3-D fractal magnetization distribution (Pilkington &
Todoeschuck 1993) at 1 km of elevation with the assumed parame-
ters of 0 km top depth, 40 km bottom depth and fractal parameter
of magnetization, § = 3 which results in the fractal parameter of
the field, « ~ 2 (« = B — 1; Pilkington & Todoeschuck 1993; Maus
& Dimri 1994). Pilkington & Todoeschuck (2004) further explored
the relation between density from the bore-holes and 2-D gravity
field observations and found that Maus & Dimri (1994) relation
of « = B — 1 is in good agreement also for density. The synthetic
magnetic field along with spectra showing calculated parameters
are presented in Fig. 2. Ravat et al. (2016) determined that large
window sizes were needed to model deep DBMS using the defractal
method (approximately 10 times the expected DBMS). We studied
the effect of the window size in the estimation of the DBMS using
the defractal method on synthetic data (Fig. 3). The window sizes
of <500 km tend to underestimate the DBMS significantly. After
introducing the Australian data set, we show the slopes of spectra
in the low wavenumber range for one of the locations with deep
DBMSs, for window sizes ranging from 100 to 1000 km. Slopes
from window sizes up to 300 km are much smaller than the slopes
from window sizes from 500 to 1000 km, which corroborates the
results from this model study.

3 AUSTRALIAN AEROMAGNETIC DATA

There is excellent spatial coverage of geophysical data across Aus-
tralia. In the past 25 yr, a number of seismic tomography studies
(Debayle et al. 2005; Fishwick et al. 2008) and vast amounts of
seismic reflection (Goleby et al. 2004; Cayley et al. 2011), gravity
(Aitken 2010; Aitken ef al. 2013), heat flow (Cull 1982; Cull &
Beardsmore 1992; Gerner & Holgate 2010; Kirkby & Gerner 2013)
and aeromagnetic data (Milligan et al. 2009, Milligan et al. 2010;
Spampinato et al. 2015a) have been collected. We use the 6th edition
aeromagnetic data of composite total magnetic intensity (TMI) grid
map of Australia (Fig. 4), which is a grid of ~800 merged surveys
with line-spacing less than 400 m and average ground clearance of
~80 m. The final TMI map has a grid cell spacing of ~3 s of arc or
~80 m (Milligan et al. 2009, 2010).
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To demonstrate the need for larger window sizes to have appro-
priate wavelengths to estimate deeper depths, we use the example
of the Yilgarn Craton region from the aeromagnetic map (Fig. 4).
We chose the Yilgarn Craton because this is one of the regions
where we expect deep DBMSs and the craton is also sufficiently
wide to contain large window sizes up to 1000 km. Even though
the spectra are mildly noisy, which is generally reduced by taper-
ing in the actual processing, we have purposefully not modified
the annular averages to avoid the effects of any processing in this
demonstration. Instead, we note that the slopes of amplitude/power
spectra are proportional to depths (eqs 2 and 3) and thus smaller
slopes in any wavenumber range would imply smaller depths and
the steeper ones would imply the deeper depths. Fig. 5 shows spec-
tra from windows from 100 to 1000 km widths with a common
centre in the middle of the Yilgarn Craton. Because the information
about the centroids is in the low wavenumbers, we have computed
slopes of straight-appearing low-wavenumber segments. The slopes
for windows of >500 km x 500 km are in the similar range and
steep, whereas the slopes from 100 to 300 km windows are much
smaller. Thus, the depths computed from the small windows are
much shallower than the depths from >500 km windows.

We attempted to place windows over single geological domains
and blocks with magnetically cohesive patterns rather than deter-
mining the DBMS estimates at a certain grid spacing that may cover
more than one geological domain. For older, colder and extensive
geological elements such as the Yilgarn Craton and the Gawler Cra-
ton, the DBMS could be deeper. To ensure the deepest information
we selected 1000 km x 1000 km window for larger cratonic ele-
ments and use 500 km x 500 km window for smaller geological
provinces and domains (Fig. 4). We note that if the true DBMS in
the region is much deeper than 50 km, our estimates may have to
be considered minimum estimates. However, they should be able to
discriminate between the results of previous studies. Furthermore,
larger windows spanning over two different geological provinces
of different DBMS does not offer any particular interpretational
advantage. We determined a few different estimates by moving the
windows to nearby locations and found that solutions are within ~10
per cent of each other. An example of depth and fractal parameter
estimations in parts of Australia (e.g. Arunta Inlier, Yilgarn Craton,
Gawler Craton and Cooper Basin) are presented in the Fig. 6.

4 THE DBMS RESULTS AND THE
GEOLOGY OF AUSTRALIA

To compare our results to geology, we separate the Australian Con-
tinent into five geological domains. Three of these correspond with
the Archean to Proterozoic (i) North, (ii) South and (iii) West Aus-
tralia cratons similar to that defined by Myers et al. (1996), (iv)
a central Proterozoic Domain, termed the Diamantina terrane (Ca-
wood & Korsch 2008) and (v) the Phanerozoic Tasmanides (Cawood
2005), which comprise the eastern third of the continent (Fig. 7).
Detailed interpretation of the derived DBMS in each geological
province and its implication with available heat flow data and Moho
depths are presented below.

4.1 WESTERN AUSTRALIA

The West Australia Craton comprises two Archean cratons, the
Yilgarn and Pilbara cratons (Fig. 7), which are separated by the
Palaeoproterozoic Capricorn Orogen. In the Yilgarn Craton, we
calculated DBMS at two principal locations (Fig. 4) where the
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Figure 2. Left-hand panel: a synthetic 2-D magnetic field generated at 1 km elevation using 3-D fractal magnetization (8 = 3) from a 600 km x 600 km
x 600 km model block. The field is computed from the model with the top depth of 0 km and the bottom depth is truncated at 40 km. Because the model
dimensions are restricted to 600 km, the fields calculated within about 50 km of the edges have edge effects and are not used. The model size is restricted by
computational capability. The blue circle, red circle and black dashed line are the original spectra, defractal spectra and modelled spectra, respectively. The
original spectra are defractaled and wavenumber-scaled for centroid depth estimation. Derived parameters: Z; is depth to top (km), Z; is depth to bottom
(km), v = fractal parameter of the field. Multitaper stands for total number of 2-D multitapers used and Window size is one side of a square data window used

in the determination.

DBMS values of 60 km and 54 km were estimated for the window
sizes of 1000 km x 1000 km and 500 km x 500 km, respectively
(Fig. 7; Table 1). Both these estimates are within 10 per cent of each
other. Our result is closer to the estimate of Chopping & Kennett
(2015) and significantly deeper than the estimates of Li et al. (2017),
who used a fixed fractal parameter of the field (¢« = 2) and smaller
window sizes that have only limited sensitivity to lower crustal and
mantle depths. The fractal parameter of magnetization of Chopping
& Kennett (2015) is also consistent with our independently derived
fractal parameter (Table 1).

The DBMS values of 54—60 km in the Yilgarn Craton are consis-
tent with average lower heat flow in the western region of the order
of 39-40 mW m 2 (Cull 1982; McLaren ef al. 2003). However, the
Darling Ranges granites near the western edge of the Yilgarn Cra-
ton are known as a source of radioactive heat generation (Middleton
2013). Here, the temperatures are between 60 and 110 °C at depths
of 3—4 km depending on the thickness of granites. Our estimated
deeper DBMS within the mantle suggests that the high geothermal
gradient found at shallow depth may not be representative of the
deeper crust and is primarily associated with granites. The north-
eastern part of the Yilgarn Craton is characterized by the Moho
depth of ~50 km, whereas the southwestern and southern parts
have Moho depths between ~30 and 35 km. Generally, the Moho
depths in the Yilgarn Craton are 35—40 km (Salmon et al. 2013;
Fig. 8). Our estimated DBMSs of the order of 54-60 km in the
Yilgarn Craton are approximately 20 km deeper than the Moho.

The Mesoproterozoic Albany—Fraser Province along the south
and southeast margin of the Yilgarn Craton consists of mainly

orthogneiss and granite rocks, a remnant of two extensive basins
(e.g. Barren and Arid basins: Spaggiari et al. 2014). We estimated
the DBMS of 3745 km across the Albany-Fraser Orogen (Fig. 7,
Table 1). Recently, Sippl e al. (2017) estimated slightly deeper
Moho (~45-51.5 km) for the Albany—Fraser Province, whereas
the earlier studies had suggested shallower Moho ~28-34 km
(Clitheroe et al. 2000). The Albany—Fraser Province region has
Mesoproterozoic underplating in the lower crust (Sippl et al. 2017).
The lack of knowledge of magnetic mineralogy of the underplated
crust and the range of DBMS values overlapping these Moho es-
timates makes it difficult to invoke ferromagnetic mantle in this
region.

The Perth Basin and the underlying Pinjarra Orogen record a
complicated history during the Palacozoic to the Mesozoic which
is characterized by obliquely oriented extensional rift system on the
southwest continental margin of Australia (Holzrichter ez al. 2014).
The DBMS value of 53 km is estimated in the Perth Basin. The
width of Perth Basin is ~100 km and our window extends beyond
the limits of the geological domain (and thus the estimates could be
affected by the deeper DBMS from the Yilgarn Craton). The Moho
depths in the Perth Basin is characterized by large lateral variations
between ~20 and 34 km with an average of 30 km (Holzrichter
et al. 2014), whereas the DBMS value of 53 km is deeper and lies
within the mantle.

The Pilbara craton is dominated by granite-greenstone litholog-
ical associations (Barley ef al. 1998). Banded Iron Formations of
the Hamersley Basin were deposited in a divergent setting along the
southern margin of the Pilbara Craton at the Archean-Proterozoic
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Figure 3. The depth to the top and DBMS estimates for different window sizes at fix @ = 2 and Multitaper of 16 using the defractal method. The synthetic
data used for this experiment is described in Fig. 2 and the centre of all windows is (300 km, 300 km). As the window size is increased, the peak location,
which is based on the DBMS, moves to lower wavenumbers. Different fits to the depth to the top will change results somewhat but because the derived tops are
already shallower than 1 km, none would increase the given derived DBMS by more than 2 km and thus the derived DBMSs from these small windows will

significantly underestimate the true DBMS used in the model study.

boundary (Martin et al. 1998) and are overlain by Palaeoproterozoic
foreland basin sediments (Powell et al. 1999). The Rudall Complex
defines the northeastern margin of the Pilbara Craton and records
the Proterozoic collision of the West and North Australian cratons
(Smithies & Bagas 1997; Betts & Giles 2006). In the Pilbara Cra-
ton, we estimate DBMS of 30 km (Fig. 7). The Moho depths in the
Pilbara Craton are ~30-35 km (Salmon ef al. 2013), and thus are
similar to the estimated DBMS. The heat flow in the region is low to
average (Fig. 8) and consistent with its Archean-Proterozoic geol-
ogy and the mantle is not likely ferromagnetic in this region. In gen-
eral, there was significant variation in the DBMS values throughout
the West Australian Craton and surrounding geological provinces.
Beneath the Pilbara Craton, the DBMS is similar to the Moho depth,
whereas in the Yilgarn Craton and southwest part of the Albany—
Fraser Province the DBMSs are deeper than the Moho.

4.2 SOUTH AUSTRALIAN CRATON

The South Australian Craton consists of the Archean to Proterozoic
Gawler Craton (Hand et al. 2007) and the Proterozoic Curnamona
Province (Conor & Priess 2008), which are separated by the Neo-
proterozoic to Palacozoic Adelaide Rift Zone (Powell et al. 1994;
Priess 2000). The region has been extensively overprinted during
the Cambrian-Ordovician Delamerian Orogen (Foden et al. 2006).
Knowledge of this complex evolution of South Australian Craton
is important for understanding the complexities of the DBMS vari-
ation in the region. The Gawler Craton comprises a Mesoarchean
to Neoarchean core (Hand et al. 2007), which was accreted onto
the margin of Australia during the Palacoproterozoic amalgama-
tion of the Nuna Supercontinent (Betts ef al. 2016). During the late
Palaeoproterozoic, the Gawler Craton occupied a proximal position
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Figure 4. Aeromagnetic data over Australia (Milligan et al. 2009, 2010; Percival 2014). The larger and smaller circles at the centre of the location of the
selected blocks of dimension of 1000 km x 1000 km and 500 km x 500 km, respectively. The window size of 100 km x 100 km, 300 km x 300 km,
500 km x 500 km, 700 km x 700 km and 1000 km x 1000 km at centre (119.55°E, 28.49°S) are presented. The abbreviations are described in Fig. 1 for

geological units.

to a plate margin (Betts ef al. 2008), recording multiple episodes
of back-arc extension and magmatism (Reid et al. 2008), several
orogenic cycles (Stewart & Betts 2010), and arc magmatism (Swain
et al. 2008). During the Mesoproterozoic, tectonic activity shifted
to the south, characterized by series of backward stepping arc ter-
ranes and oceanic rocks that are preserved in the Coompana Block,
Forrest Province and the Madura Province to the west of the Gawler
Craton (Spaggiari et al. 2015). The terranes are overlain by the Neo-
proterozoic Officer Basin (Cawood & Korsch 2008). The granites,
felsic volcanics and gneisses in the region contain a high concentra-
tion of uranium and thorium (Houseman et al. 1989; Neumann et al.
2000) which is relevant for understanding heat flow and interpreting
the DBMS in the South Australian Craton.

In the Gawler Craton, we determined DBMSs of 57 km and 48 km
for window sizes of 1000 km x 1000 km and 500 km x 500 km,
respectively (Fig. 7). The crustal thickness of the South Australian
Craton varies from 30 to 45 km. Crust thicker than 40 km occurs
in the Archean Gawler Craton and Curnamona Province (Clitheroe
et al. 2000; Kennett ef al. 2011). The northwestern margin of the
Gawler Craton is covered with the sedimentary rock of the east-
ern Officer Basin and has the Moho depth of ~40-45 km (Salmon
et al. 2013). The eastern margin of the Gawler Craton is covered by
the Neoproterozoic Adelaide Rift Complex. This complex has been

subsequently shortened during the Cambrian-Ordovician Delame-
rian Orogen and has the Moho depth of 30-40 km (Clitheroe ef al.
2000).

The Curnamona Province is characterized by a moderate DBMS
of 39 km. The Curnamona Province and the southwestern part of
the Delamerian Orogen (at the eastern boundary of Gawler Cra-
ton) is characterized by the high heat flow of the order of ~110—
150 mW/m? (Fig. 8), which is associated with near surface high
radiogenic element concentrations within Proterozoic granite and
granite gneisses, but the deeper temperatures must be much lower
and consistent with its age (McLaren et al. 2006). This results in
a complex magnetic structure of the lithosphere and the derived
DBMSs likely reflect deep crustal/upper mantle temperatures.

4.3 CENTRAL AUSTRALIA

The central Australian terranes comprise a complex mosaic of
Palaco- to Mesoproterozoic basement rocks with intervening
stacked basins that evolved during the Neoproterozoic to the recent
history. The basement terranes include the Arunta Inlier (or Aileron
Province), which accreted along the southern margin of the North
Australia Craton ca. 1850 Ma during the Nuna Supercontinent
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Figure 5. Low wavenumber range slopes from the spectra calculated from the Yilgarn Craton windows shown in Fig. 4 demonstrating that small windows lead
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spectra.

amalgamation (Betts ef al. 2016). The Arunta Inlier records a
complex evolution of Palaeo-Proterozoic to Mesoproterozoic
tectonic reworking along the southern margin of the Australian
continent (Betts & Giles 2006; Morrissey et al. 2014), leading to
the amalgamation of the Rodinia Supercontinent.

The Musgrave Block, to the south, records a protracted evolu-
tion of Mesoproterozoic juvenile arc magmatism at the southern
margin of the Australian plate (Wade ef al. 2006), which was sub-
sequently deformed during the late Mesoproterozoic Musgravian
Orogeny and coincident with the pervasive magmas of the Pitjant-
jatjara Supersuite (Kirkland et al. 2013). Following the Musgravian
Orogeny the western Musgrave Block and regions to the west were
extensively overprinted by the Warakurna Large Igneous Province

(Pirajno & Hoatson 2012), leading to the onset of the development
of the Centralian Superbasin, which includes the Eucla, Ngalia,
Amadeus, Savory, and Georgina basins (Maidment ez al. 2007).
The DBMS in central Australia varies between 31 and 48 km
(Fig. 7, Table 1). The DBMS is shallower (35 km) in the northern
Canning Basin and the eastern central Officer Basin. It is moder-
ate (42-48 km) along an NNE-trending crystalline basement ridge
extending from Musgrave Block, Amadeus Basin, and Arunta In-
lier (Aitken & Betts 2008). The Moho depth in the most of central
Australia ranges is highly variable (~30-50 km, and greater in a
few places) and is influenced by intraplate Orogenesis (Aitken e al.
2009; Kennett et al. 2011). In the Musgrave Block, the crustal thick-
ness ranges from 25-50 km (Aitken et al. 2009) with a transitional
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Figure 6. Plot of annular averages of natural logarithm of amplitude spectrum versus wavenumber showing the defractal DBMS estimates for Arunta block,
Yilgarn Craton, Gawler Craton and Cooper basin. Derived parameters: Z; is depth to top (km), Z, is depth to bottom (km), « = fractal parameter of

the field.

crust-mantle boundary which similarly extends to the South Aus-
tralian Craton. The crustal thickness beneath the Arunta Inlier is
variable with a depth of 35-40 km and 50 km in the north and the
south of the inlier (Goleby et al. 1989). The region has mantle ma-
terial at a depth between 25-30 km indicating significant thrusting
(Goleby et al. 1989, 1990). The mid-crust high density and high
velocity material is also found from other geophysical studies be-
neath the Central Arunta block (Lambeck 1983; Lambeck ef al.
1988). The Amadeus Basin has Moho depths of ~60 km based on
gravity and seismological modeling (Goleby et al. 1989). The Moho
depth of 30-35 km occurs beneath the Canning Basin (Salmon et al.
2013). The estimated DBMS are found shallower than the Moho by
about 10-20 km in the Arunta Block, Amadeus Basin, and Mus-
grave Block. There are very few heat flow data in central Australia
which varies from 31-68 mW/m?.

4.4 NORTHERN AUSTRALIA

The North Australian Craton comprises the Kimberley Craton, the
Pine Creek Inlier, the Arnhem Province, Granites-Tanami Block, the
Mt Isa Inlier, Greater McArthur Basin, Tennant Creek-Davenport
Province, and the Georgetown Inlier (Withnall er al. 2013). The
geological evolution of the North Australia Craton is dominated by
Palaeoproterozoic and Mesoproterozoic tectonic events, although
the basement is interpreted as Archean. The craton is extensively
overlain by younger Neoproterozoic to Palacozoic basins.

The tectonic evolution of northern Australia records a series of
accretionary events between 1860 Ma and 1600 Ma, when Arunta
Inlier, Gawler Craton, Kimberley Craton and Georgetown Inlier
amalgamated with the nucleus of the North Australian Craton (Betts
et al. 2016; Nordsvan et al. 2018) along subduction zones that had
established along the southern, western and eastern margins of the
craton. The oldest basins preserved in the Granites—Tanami Block,
Arunta Inlier and the Tennant Creek—Davenport Province (Allen
et al. 2015), which were followed by the ca. 1800-1740 Ma ex-
tensional Leichhardt Superbasin (Neumann et al. 2009) and the
ca. 1720-1670 Ma Calvert Superbasin (Gibson et al. 2008). These
basins are extended over a large area of the North Australia Craton
and adjacent terranes (e.g. Gawler Craton and Curnamona Province)
(e.g. Allen et al. 2015). The fourth basin cycle, the Isa Superbasin
(ca. 1668—1595 Ma: Southgate et al. 2000) is also extensively pre-
served through the North Australia Craton but appears to record
a post-extensional evolution (Gibson et al. 2018). The fifth basin
cycle, the epicontinental Roper Super basin initiated ca. 1430 Ma
(Jackson et al. 1988) and is best preserved in the Greater McArthur
Basin in the northern and central North Australia Craton (Allen
et al. 2015). Basins of the North Australian Craton have been in-
verted during several shortening events including the Leichhardt
Event (Blaikie et al. 2017), Riversleigh Event (Gibson & Edwards
2020) and the Isan Orogeny (Betts ez al. 2006).

In northern Australia, the calculated DBMS ranges between 29
and 43 km (Fig. 7, Table 1). The thickest crust of 55 km found
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Figure 7. Simplified geological map of Australia (Stewart ef al. 2013) superimposed with the estimated DBMS presented by coloured circles at the location
described in Fig. 4. The larger circles correspond to the centre of windows of size of 1000 km x 1000 km used for calculations in Yilgarn and Gawler Cratons.

Abbreviations are the same as described in Fig. 1.

in the northern Australian region beneath Mount Isa Inlier and the
northern part of the Arunta inlier (Goleby et al. 1989). The DBMS
of 43 km in the McArthur Basin is similar to the Moho depth
(40-50 km) (Kennett et al. 2011; Salmon et al. 2013). The north-
western part of Northern Australia comprises Palaeoproterozoic
Kimberley Craton, which has the Moho depths between 40 and
45 km, whereas the DBMS is estimated at 37 km. Both estimates
are within each other’s error envelopes (Figs 7 and 8).

4.5 TASMANIDES (EASTERN
AUSTRALIA)

The eastern third of the Australian continent records the Phanero-
zoic tectonic accretion along the eastern margin of Gondwana and
collectively termed the Tasmanides (Glen 2005; Rosenbaum 2018).
The Tasmanides are composed of the Cambrian-Ordovician De-
lamerian Orogen (Foden et al. 2006), the Cambrian-Carboniferous
Lachlan (Glen 2005) and Thomson orogens (Spampinato et al.
2015b), Cambrian to Carboniferous Mossman Orogen (Fergusson
& Henderson 2015) and Neoproterozoic to Triassic New England

Orogen (Cawood et al. 2011). The orogenic systems of the Tasman-
ides are highly contorted and form large oroclines (Cawood et al.
2011; Moresi et al. 2014). Several extensive Ordovician-Silurian
arc terranes extend along the length of the Lachlan Orogen (Glen
2005), possibly into the Mossman Orogen (Fergusson et al. 2017).

The oldest extensional back-arc basins of the Lachlan Orogen
and Thomson Orogen (overlain by Cooper Basin, Galilee Basin,
Bowen Basin and eastern part of the Simpson Desert, Fig. 7) are
likely to have formed as oceanic basins or on hyper-extended con-
tinental crust (Collins 2002; Collins & Richards 2008), whereas
the younger backarc basins of the New England orogens formed
in a continental setting (e.g. Bowen and Galilee Basins: Korsch
et al. 2009). The Permo-Triassic Cooper Basin developed above the
southern Thomson Orogen and likely formed in a distal continental
backarc setting. XXX

Shallow DBMSs exist in the Neoproterozoic to Palacozoic Lach-
lan Orogen (25-35 km), in the eastern and southern part of the
Delamerian Orogen (33—-38 km) and in the Cooper Basin (~36 km,
Fig. 7, Table 1). The Moho in the Cooper Basin is ~30-35 km
(Fig. 8), that is similar to the DBMS values. The Cooper Basin is
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Table 1. Estimated DBMS, top depths, fractal index and selected block size of main geological provinces in Australia. The depths and fractal parameter of
magnetization by the two studies (Chopping & Kennett 2015; Li et al. 2017) are provided for comparison.

Geological unit or location

shown in Fig. 4 This study (Chopping & Kennett 2015) (Lietal 2017)
Fractal
One side of Fractal parameter of DBMS (km)
window size Top depth parameter of magnetization (At constant, o
(km) DBMS (km) (km)* the field («) DBMS (km) (B)P =2)
Western Australia
Yilgarn Craton (Y1) 1000 60 0.2 1.32 66 2.43 15
Y1 500 54¢ 1.0 0.75 55 1.96 14
Albani-Fraser Belt
AF1 500 37 0.4 2.15 30 2.77 23
AF2 500 45 4 2.28 37 2.33 24
Pinjara Orogen (Perth Basin) 500 53¢ 0.2 1.3 68 2.71 21
Pilbara Craton 500 30 0.2 1.32 31 222 10
Southern Australia
Gawler Craton (Ga) 1000 57 0.1 2.0 43 2.85 25
Gal 500 48 3.5 0.98 47 2.59 21
Curnamona Province 500 39 1.9 1.80 68 3.42 30
Central Australia
Arunta Inlier 500 38 0.1 2.45 59 3.03 25
Canning Basin
Cal 500 35 9.6 1.15 27 3.14 24
Ca2 500 42 9.1 1.20 19 3.30 28
Musgrave Block
Mul 500 45 0.3 2.0 48 2.80 21
Mu2 500 31 0.7 1.85 28 232 17
Amadeus Basin
Aml 500 48 43 2.35 62 3.28 32
Am2 500 42 5.5 1.45 48 2.67 25
Officer Basin 500 31 6.87 1.30 30 2.95 22
Simpson Desert 500 46 1.4 2.30 48 3.56 33
Northern Australia
MacArthur Basin 500 43 1.9 2.25 57 3.39 29
Pine Creek Inlier 500 41¢ 1.6 2.45 58 3.08 18
Georgina Basin
GBI 500 34 1.6 2.42 58 3.56 31
GB2 500 29 6.6 1.9 39 2.75 27
Mt Isa Inlier 500 34 3.0 1.7 46 2.74 24
Kimberley Craton 500 37 1.5 2.6 64 2.92 26
Lucas Craton 500 34 1.6 1.85 25 2.84 19
Eastern Australia
Cooper Basin 500 36 0.2 2.85 30 3.51 36
Delamerian Orogen
Dml 500 38 3.4 1.85 48 2.98 24
Dm2 500 36 1.5 2.0 61 2.88 24
Dm3 500 33 2.7 1.68 69 2.62 35
Bowen Basin 500 46 0.9 2.10 22 2.74 19
Galilee Basin
Gll 500 37 5.4 1.80 56 3.75 28
Gl2 500 52 0.8 2.52 37 3.43 26
Anakie province 500 48 0.9 2.10 36 2.77 22
Lachlan Orogen
Lal 500 25 0.7 1.85 33 2.80 21
La2 500 31 3.5 1.48 58 2.65 16
La3 500 35 39 1.45 32 2.90 23
La4 500 28 3.4 1.48 64 2.68 28
New England Orogen
NE1 500 50 0.4 2.1 60 1.79 24
NE2 500 44 0.6 2.10 59 1.69 14

“This top depth is based on one-layer model averaged over a large area and is not meaningful locally.
bo = (B—1) (Maus & Dimri 1994), In multifractal cases, the relationship may not hold.
“Smaller than ideal window size result forced by the limited extent of the geological province.
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Figure 8. Moho depth map from a weighted average grid of Salmon ef al. (2013) that reflects geological and tectonic variability of the data to some degree,
superimposed with heat flow values (Kirkby & Gerner 2013) and tectonic province boundaries in Australia. The heat flow data locations and values are shown
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characterized by the high heat flow (~110 mW m) and tempera-
tures of ~235 °C at 5 km depth (Fig. 8; Gerner & Holgate 2010).
The elevated heat flow is attributed to the high heat production from
granitic rocks in the basement (Beardsmore 2004). Detailed model-
ing suggests that the relationship of high heat production to granites
is complex (Meixner ef al. 2012, 2014) and it is very likely that the
region has more complex magnetic distribution and layering.

The Moho depth across the Tasmanides is highly variable
(Clitheroe et al. 2000; Salmon et al. 2013). Fishwick et al. (2008)
found a series of steps in the lithospheric thickness in eastern Aus-
tralia from surface wave tomography and horizontal gradient of
shear wave speed. The steps in the lithospheric thickness corre-
late with the terrane boundaries. The eastern part of the Australian
continent has undergone a complex evolution during its collision
with the Proterozoic shield in the late Palacozoic. The thick crust
of the order of ~50 km is associated with the eastern Lachlan
Orogen, centred beneath the eastern Australian highlands (Clitheroe
et al. 2000). The DBMS in the Lachlan Orogen shows a general in-
verse correlation with heat flow. There is no correlation between the
DBMS and crustal thickness (Fig. 8).

5 COMPARISON WITH THE RECENT
STUDIES OF THE DBMS ESTIMATIONS

Chopping & Kennett (2015) estimated DBMS from aeromagnetic
data of the Australian continent using an automated inversion
scheme based on the earlier methods (Maus et al. 1997; Bouligand
et al. 2009) and determined values between 10 and 80 km. Chop-
ping & Kennett (2015) presented weighted DBMS recovered from
the ensemble of calculated depths in each individual window. For
weighting the depths in a window, they used an asymptotic weigh-
ing factor derived from the ensemble of solutions that fit within the
statistical distribution for the averaged 1-D power spectra for that
window. Their DBMSs are relatively shallow for the Cooper Basin
and deep in the Yilgarn Craton, meeting the expectation based on
the tectono-thermal age and heat flow (Table 1).

Liet al. (2017) reported shallow DBMS of the order of 5 km for
the Yilgarn and Pilbara cratons, (see Fig. 1, Li et al. 2017), which is
a surprising result for the region. Li ef al. (2017) argue that bimodal
shallow Curie depths may be possible due to deep thermal reacti-
vation. However, the geological record of these cratons provides no
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Figure 9. Comparison of the averaged estimates from different studies (a) DBMS (b) «, with geological unit of Australia. Abbreviations are the same as

described in Fig. 1; Del: Delamerian Orogen.

evidence for such a craton-wide reactivation, nor does the surface
heat flow data. However, Li ef al. (2017) used a modified centroid
method and fixed a value of @ = 2 with smaller window sizes of the
dimension 100-300 km, which are biased towards shallow depth
estimates as we demonstrated from the comparison of spectra of
different window sizes in Figs 3 and 5.

In the southern Yilgarn Craton, we estimate a DBMS of 54 km
and the fractal parameter of the field of « = 0.75 (from a 500 km
window), which are lower than the estimates in the central Yilgarn
Craton. Chopping & Kennett (2015) have obtained DBMS of 54 km
and an equivalent o ~ 0.95 which is similar to our estimate. For
the Pilbara Craton, our estimates of DBMS and « are closer to that
estimated by Chopping & Kennett (2015) (Table 1, Fig. 9). In the
Cooper Basin, our DBMS and « estimates are also similar to those
of Chopping & Kennett (2015). Despite our « being different than
Li et al. (2017), our DBMS estimates are near identical for the
Cooper Basin. This is likely the effect of their small window size
(~100-300 km). Our estimates of the DBMS in the Tasmanides
are close to the DBMS calculated by Li et al. (2017) where our
estimated « is close to 2 (Table 1, Fig. 9). The overall shallower
estimates of Li ef al. (2017) in the region are probably a result of
their small windows (~100-300 km) and averaging over different
window sizes. In the Tasmanides, Chopping & Kennett’s (2015)
DBMS estimates are very deep at two locations (Table 1) compared
to our result, despite similarities in the derived « for both studies.
Our overall smaller DBMS are consistent with the intermediate to
high heat flow in the region.

In general, our estimated high values of DBMS are compara-
ble with those determined by Chopping & Kennett (2015) for the

Yilgarn Craton, Gawler Craton, Pinjara Orogen and northeast part
of Australia, whereas there is a significant difference between the
estimations for the eastern and southern part of Delamerian Orogen
and the Tasmanides. The reason for this difference could be that
their weighting scheme and smaller window sizes may not have
sufficiently stabilized the low wavenumber power spectrum. Our
defractal method estimates depths from the combination of cen-
troid and spectral peak matching of the defractal spectra, whereas
Chopping & Kennett (2015) used the RMS between observed and
modeled spectra with a range of depths to top, base, scaling expo-
nents.

6 DISCUSSION

There are significant differences in the DBMS estimated by Chop-
ping & Kennett (2015) and Li ez al. (2017) in Australia despite the
high quality of aeromagnetic data. This data has significant poten-
tial to address the nature of mantle magnetization. We estimated
DBMS and corresponding fractal parameters of field using the de-
fractal method and by selecting the largest windows possible near to
the centres of geological/tectonic provinces which avoids province
overlap errors in the DBMS as much as possible. For large geologi-
cal provinces (e.g. Yilgarn Craton, Gawler Craton, Lachlan Orogen
etc., Figs 4 and 7), we also calculated DBMS at additional locations
to understand the spatial variation of the DBMS within the region.
We used the DBMS to understand the relationship with the Moho
depth, tectono-thermal age and heat flow. Our estimated DBMS
have approximately ~10 per cent error based on nearby estimates,
the ability to select correctly the low wavenumbers used in fitting
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the slopes, and perhaps have larger error when the window sizes are
not optimal in areas of deep magnetization. The DBMS estimates
are shallower than the Moho across most of northern Australia ex-
cept its northeastern part (near Coral sea), the Curnamona Craton,
the central Australia, the Cooper Basin, the Lachlan Orogen and
the south and east of the Delamerian Orogen. The estimates are
deeper than the Moho in western Australia (except the Pilbara Cra-
ton), the Gawler Craton, the Galilee Basin, as well as for the New
England Orogen, the Bowen Basin and the Anakie Province in the
Eastern Tasmanides. Shallower DBMSs are consistent with high-
temperatures (Gerner & Holgate 2010) and high heat flow (Fig. 8)
observed from bore-hole measurements.

Early studies based on the mantle xenolith samples (Wasilewski
et al. 1979; Wasilewski & Mayhew 1992) suggested that the seis-
mic Moho is a magnetic boundary. The position of seismic Moho
may lie below or above the compositional crust-mantle boundary
(petrological Moho) based on the mineral facies changes caused by
the tectonic and high geothermal gradient in the region (Mengel &
Kernt 1992). The Curie temperature in the continental lithosphere
may vary with its mineral composition (e.g. the increase of Ti con-
tent of titanomagnetite causes reduction in Curie temperature below
580 °C), whereas serpentinized ultramafic bodies in the upper man-
tle in the subduction wedges may increase Curie temperature from
620 to 1100 °C (Haggerty 1978; Blakely et al. 2005). However, the
DBMS relationship with the Moho depth and heat flow is more com-
plex. The seismic Moho may also not be a lithological boundary as
found in electrical studies (Clitheroe et al. 2000). The study based
on measured low heat flow revealed Curie depths of 60—70 km in
southwestern Australia composed primarily of early Archean cra-
tons (Cull 1991; Artemieva 2006). Toft & Haggerty (1988) used
lower crustal xenoliths from the West African craton and petro-
logical considerations to argue for the stability of the native iron
up to the depth of 95 km. A recent review on the magnetization
of the upper mantle suggests the possibility of upper mantle fer-
romagnetism under several conditions based on mineral and rock
magnetic data, high pressure and temperature experimental results
and spectral analysis of magnetic anomaly data (Ferré ef al. 2020).
Significantly deeper DBMSs than the Moho (e.g. Yilgarn Craton
and Gawler Craton) indicate that the upper mantle is ferromagnetic
and the seismic Moho is not a magnetic boundary (Ferré et al.
2014) and is consistent with recent results from North America,
where DBMS estimates reveal a ferromagnetic upper mantle (Ferré
et al. 2020). Plume impingement beneath the Australian continent
and associated underplating in the past (Betts ef al. 2002) and as-
sociated oxidation state may have played a role in changing the
magnetic nature of the upper mantle.

The previous reconstructions of the Australian continent have
suggested a geological correlation between the Curnamona Province
(South Australian Craton), and the Mount Isa Inlier (North Aus-
tralian Craton, e.g. Giles e al. 2004). The estimated DBMS for
the Mount Isa Inlier (34 km) and Curnamona Province (39 km) are
comparable. These observations suggest that the DBMS in combi-
nation with the thermal structure and the Moho depth may provide
insights into the evolution of geological provinces as well as mag-
netic mineralogy of the deep crust and upper mantle.

The Yilgarn and Pilbara cratons have similar Moho depths despite
their difference in crustal structure (Betts ez al. 2002) and their age
difference (Clitheroe et al. 2000). The West Australian Craton has a
lower surface heat flow between 20 and 50 mW m™2. Other than local
variations, the heat flow values are found inversely proportional
to the tectonic ages of underlying rocks from the worldwide data
(Vitorello & Pollack 1980; Morgan 1985; Neumann et al. 2000).
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Therefore, deeper DBMS of the order of 50-60 km and magnetic
upper mantle in the Western Australian Craton is expected. While
the differences in the magnetic properties of mantle between Yilgarn
and Pilbara cratons is intriguing, it is clear that very shallow DBMS
obtained by Li et al. (2017) in all of Pilbara and large parts of
Yilgarn craton appear difficult to reconcile with their geological
evolution as well as geophysical data.

The Delamerian Orogen of the eastern part of Australia has been
correlated with the deformed rocks preserved in the Anakie In-
lier in northern Australia. Both these regions were located at the
passive margin of Rodinia (Fergusson ez al. 2009). For the Delame-
rian Orogen, the DBMS varies from 33 to 38 km, with the lowest
values (33 km) along the eastern margin and the deepest values
(38 km) along the western-central part. The DBMS in the Anakie
Inlier is 48 km, deeper than the values obtained in the Delamerian
Orogen. The large difference in the estimated DBMS values in the
Delamerian Orogen and Anakie Inlier indicate different mineralog-
ical and temperature conditions at depth, as well as the significant
post-Ordovician tectonic overprint of the Anakie Inlier.

The Tasmanides comprise three orogenic domains (Lachlan,
Thomson, and Mossman orogens) that have previously been corre-
lated based on their similar tectonic evolution (Rosenbaum 2018).
There is a large variation of the DBMS in the Tasmanides (from 25 to
over 50 km). This variation is likely related to the complex tectonic
overprint of this accretionary orogen and Phanerozoic, Mesozoic
and Cenozoic magmatism (Jones & Verdel 2015). Additionally,
eastern Australia has the longest volcanic track of 2000 km which
formed between 33 and 9 Ma. This long volcanic tract has different
composition depending on the lithospheric composition depending
on the lithospheric thickness in the region (Davies et al. 2015). The
volcanism in the region is seen to affect the base of magnetiza-
tion, leading to the shallow DBMS in the region. For example, in
the south, the Lachlan Orogen is characterized by DBMS between
25 and 35 km where the Neo-tectonic Newer Volcanic Province
overprints the orogen.

Vervelidou & Thebault (2015) have determined the thickness of
the magnetic layer globally using the NGDC spherical harmonic
degree 720 model using spherical cap spectral analysis techniques
(minimum wavelength of the model approximately 55 km but inter-
mediate wavelengths in original surveys are not reliable over many
regions of the world). However, their results are averaged over the
spherical cap of >3000 km aperture. They obtain deep base of
magnetization in the eastern third of North America and adjacent
Atlantic Ocean, but indirectly confirm the spectral defractal method
results of Ravat (2019) and Ferré et al. (2020). Unfortunately, in
Australia where the extent of the continent is about 3000 km (i.e.
most windows over the continent are averages over the continent and
the surrounding oceans), thus, mixing estimates over many tectonic
provinces.

7 CONCLUSIONS

Using spectral slopes from different window sizes we conclusively
show that small windows lead to incorrect depths when the actual
DBMSs are deeper. The results based on the defractal method show
that the DBMS varies from 25 to 60 km for the whole of Australia,
broadly consistent with the results of Chopping & Kennett (2015).
The DBMS value ranges are 30-60 km for the West Australian Cra-
ton, 39-57 km for the South Australian Craton, 31-48 km for central
Australian (Diamantina terrane), 29—43 km for the North Australian
Craton and 25-52 km for the Tasmanides. Deeper DBMSs were
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obtained in the Yilgarn Craton, Gawler Craton, Pinjara Orogen, the
southern part of the Albany-Fraser belt. Shallower DBMS estimates
were determined for the Pilbara Craton, the eastern and southern
part of the Delamerian Orogen, the northwestern part of the Can-
ning Basin, Officer Basin, Cooper Basin and in the Tasmanides. The
Cenozoic magmatism has affected the DBMSs in the Tasmanides.
The DBMSs significantly deeper than the Moho in the Archean
cratons suggests that mantle in these regions is ferromagnetic. The
base of magnetization in the Australian lithosphere is complexly re-
lated to temperature structure, magnetic mineralogy and petrology
and its tectonic history.
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