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1 Executive Summary

This submission presents a review of scientific evidence and
interpretations concerning the geology of Timor and the islands of the Banda Arc,
and the geology of the Timor Trough. It explores the tectonic plate boundary
significance of the Timor Trough relevant to certain territorial claims in the Timor
Sea. We begin by explaining the general tectonics and geomorphology of the Banda
region, focusing on the evolving nature of the plate boundary in the adjacent Savu
region, as an analogue for a young Timor. We explain how the Timor Trough south
of Savu does not mark the trace of a subduction zone, and that the trace of the old
subduction zone is presently buried under a rapidly developing fold and thrust
belt. We point out how the rocks on Savu are rocks that are equivalent to the NW

shelf, from where they were sourced.

We then consider Timor; outlining similar lines of evidence, but with the
addition of geophysical insights including paleomagnetism, gravity and seismic
reflection surveys. Each ties the rocks of Timor back to the NW shelf. The seismic
reflection surveys show that unlike the true continental shelf edge of the Exmouth
Plateau, the Timor Trough is not a shelf edge at all, but a down-warp in the

continental shelf that results from the load of the Timor fold and thrust belt.

We conclude that the Timor trough is best explained as a foredeep located
within the Australian continent, rather than a continuation of the active
subduction zone along the plate boundary that defines the northern limit of the
Australian Plate. Geological contrasts, geodetic data, and the distribution of
natural seismicity all place the active boundary of the plate as a diffuse zone that
begins close to the Timor Trough in Savu and progressively transfers northwards

to lie predominantly along the Wetar Thrust, to the north of Timor Leste.

In sum, we do not see a tenable geological case for considering that the

Timor Trough is a fundamental northern boundary of Australian continental crust.
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2 Background

The maritime boundary dispute between the governments of Timor-Leste
and Australia hinges in part on the scientific interpretation of the Timor Trough, a
linear bathymetric low that extends from south of Sumba, eastwards between
Timor and Australia before curving north towards Papua New Guinea (Figure 1).
The Timor Trough has generated major questions about the timing of its
formation, its present-day activity, and its importance (if any) as a plate boundary
structure. Whilst many questions remain, particularly about its seismic potential,
a wealth of data has accumulated since the late 1970s that provide insight into its

plate boundary significance and this can be brought to bear in the present case.

The Australian government argue that the Timor Trough constitutes a
break in the continental shelf, thus situating the countries of Timor-Leste and
Australia on separate continental shelves. Article 76 of the United Nations

Convention on the Law of the Sea (UNCLOS) states that

“the continental shelf of a coastal State comprises the seabed and subsoil of
the submarine areas that extend beyond its territorial sea throughout the
natural prolongation of its land territory to the outer edge of the continental
margin’.
By asserting that the Timor Trough separates two continental shelves, the
Australian argument implies that the Timor Trough marks (i) the outer edge of the
Australian continental shelf in the Timor Sea, as defined under Article 76, and (ii)
that the Timor Trough is a tectonic plate boundary between two separate
continental shelves that delimits the northern edge of the Autralian plate. The
alternative is that the Timor Trough is not a plate boundary, but is entirely
contained within, and superposed on the Australian continent, having formed in
response to the collision process. In this submission, we present evidence
concerning 1) the nature and evolution of the Australian plate boundary in the

vicinity of Timor, and 2) the plate boundary significance of the Timor Trough.
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Figure 1. Previous page - A) Regional geology of the Banda Arc and Timor Sea area. GPS
vectors! shown relative to Darwin. Northern extent of the Timor Plateau is a minimum
estimate based on balanced geological sections of Tate and others (Tate 2014, Tate et al.
2015), drawn to adhere to the rectilinear passive margin geometry of the Scott and Exmouth
Plateaus. The subducted Scott Plateau and generalized geology of the Sumba-Savu-Rote
area is based on surficial geology and well interpretation (Harris 1991; Fortuin et al. 1997;
Harris et al. 2009; Roosmawati & Harris 2009), and seismic investigations of the Savu Sea
(Rigg & Hall 2012) and Java Trench-Timor Trough transition (Shulgin et al. 2009; Planert
et al. 2010). The southern limit of the [contiguous] Banda Terrane (Asian basement and
cover rocks) on Timor [excluding structurally isolated klippe] is based on humerous onshore
maps of the island including but not limited to Indonesian maps of West Timor (Rosidi et al.
1981) and the 1968 map of Audley-Charles (1968) supplemented by more recent mapping
by many parties including The University of Melbourne (Ely et al. 2011; Duffy et al. 2013;
Ely et al 2014; Boger et al. 2016). The extent of shortened Australian continental crust east
of Timor and the Leti Islands is based on maps included with studies of the metamorphic
rocks in that region (Ishikawa et al. 2007; Kaneko et al. 2007; Kadarusman et al. 2010), and
references therein. B) Detail of the Timor area, showing the probable pre-collisional trace
of the [now overridden] trench. The trace is drawn to link active subduction at the Java
Trench with the subduction east of Timor, with minimum curvature. The leading edge of the
forearc would have originally been close to the position of the trench but has been driven
northwards as the Australian Timor Plateau and Sahul Shelf collided with the trench
(Audley-Charles 2004). This map shows that the Timor Trough does not coincide with
the leading edge of the Asian forearc, or with the original location of the trench. It
passes between the two, and is the trace of an intracontinental thrust located >300
km inboard of the Australian continental margin.

3  The evolution of the plate boundary in the Timor region
3.1 General geology and tectonics

The geology of the Timor region is a complex and globally important
geological example of an early stage continent-arc “collision (Harris 1991;
Nugroho et al. 2009; Shulgin et al. 2009; Ely & Sandiford 2010; Planert et al. 2010;
Harris 2011; Porritt et al. 2016). To the west of Sumba, at about 120°E, the
boundary between Australian and Asian plates in Indonesia is marked by a
subduction zone where the Argo abyssal plain of the subducting Australian Plate
slides under Indonesia at the Java Trench (Figure 1A). As the Australian plate

ocean crust sinks (or subducts) into the mantle, it releases water that causes
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partial melting of the upper plate and gives rise to the Indonesian volcanic arc,

~300 km north of the Java subduction trench (Wheller et al. 1987).

To the west of Sumba, the Java trench and the Indonesian volcanic arc are
separated by several clear bathymetric features that are characteristic of
subduction complexes. The trace of the plate boundary is marked by the line of
active subduction along the deepest part of the Java trench. To the south of the
trench, the Argo abyssal plain is underlain by old oceanic crust with a crustal
thickness of about 8-9 kilometres (Planert et al. 2010). Between the trench and
the volcanic arc, the outer arc ridge marks the northern limit of the accretionary
prism. This accretionary prism is a geological domain formed from mostly
sedimentary material scraped off the leading edge of the Australian plate as it
subducts, and accreted to the overriding Asian tectonic plate. The accretionary
complex reaches a thickness of about 15 km beneath the outer arc rise (Shulgin et
al. 2009; Planert et al. 2010). Between the outer arc high and the volcanic arc lies
a deep basin, known as a forearc basin, formed by the accumulation of sediments
eroded primarily off the volcanic arc. The crustal thickness beneath the forearc

basin is about 20-30 kms thick, including both basement and cover sediments.

The Java trench ends south of Sumba. At that point the bathymetry
shallows rapidly. A distinct bathymetric depth anomaly deflects 120 km southeast
before connecting to the NE-trending Timor Trough. The line of volcanoes
continues eastwards (Figure 1) as the Banda Arc and includes the active volcanoes
of Flores, Pantar and western Alor, to the north of West Timor, and the extinct
volcanic islands of central and eastern Alor, Atauro and Wetar immediately north
of Timor Leste. East from Sumba, a topographic high is associated with a second,
outer, non-volcanic arc of continental material, including Timor, that occupies a
forearc position between the volcanic arc and the Timor Trough (Von Der Borch
1979). The Savu sea forearc basin is terminated to the south by the ridge segment

that runs between the islands of Sumba and Rote (the Sumba-Savu-Rote Ridge).
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This ridge marks a complex transition, and its south side marks the start of the
Timor Trough. The crustal thickness of the subducting Australian Plate in this area
increases eastward by nearly 4 km, from about 9 km thick to about 13 km thick
(Planert et al. 2010), as the ocean crust of the Argo abyssal plain gives way to the

continental crust of the Scott Plateau.

The nature of the Scott plateau is important. It consists of hyper-extended
continental crust that subsided after breakup in the Jurassic/Cretaceous and was
subsequently modified by deposition of sediments sourced from Australia and
from open ocean (pelagic) sedimentation (Falvey & Veevers 1974; Stagg et al.
2004). Its shape, and that of the adjoining Exmouth Plateau is greatly influenced
by the pattern of rifts and transform (linking fault) offsets that developed during
the breakup. The shape of the continental margin and the relative motion of
Australia and Asia (Fig.1) result in oblique convergence of the leading edge of the
Australian continental crust. This means that, with progressive convergence, the
transition zone in the vicinity of Sumba is progressively moving westwards
(Harris 1991). This important insight allows us to use the manifestation of
progressive westward younging of collision as a proxy for the sequence of events
in any specific, older location, such as in Timor. This notion has been promoted in
several interpretations, including those of Harris, who proposed that the Scott
Plateau had been partly subducted in order to explain the timing of island
emergence in the forearc region between Timor and Sumba (1991). Harris’
interpretation is supported by further surface mapping in Savu and Rote (Harris
etal. 2009; Roosmawati & Harris 2009), deep crustal seismic investigations across
the Java trench transition to the Timor Trough (Shulgin et al. 2009; Planert et al.
2010) and upper crustal seismic investigations in the Savu Sea and over the
Sumba-Rote Ridge (Karig et al. 1987; Rigg & Hall 2012). Consequently, the Savu
region provides an appropriate analogue for what happened in the early stages of
collision between a continental plateau of the Australian NW shelf and the Banda

forearc in the vicinity of Timor.
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GPS data provide a key insight into the active kinematics in complex
regions where plate boundaries are diffuse, such as the region across the Savu Sea
and Timor. The change from subduction to collision is reflected in the velocities of
GPS stations in the region. The Sunda Shelf in eastern Indonesia is currently
moving SSW at rates of ~70 mm/yr relative to the Australian continent (Nugroho
etal. 2009; DeMets et al. 2010). Where Australia collides with the forearc, it drives
the arc northward along the backarc Wetar Thrust (Silver et al. 1983; Breen et al.
1989; Genrich et al. 1996; Snyder et al. 1996b) and the movement of the volcanic
arc relative to Australia slows to less than 20 mm/yr across the Timor-Leste
region. This GPS data shows that the outer and inner arc islands of Timor, Wetar
and Alor are now strongly coupled to Australia (Figure 1) (Genrich et al. 1997;
Kreemer et al. 2000; Bock et al. 2003; Nugroho et al. 2009), with everything south
of the Wetar Thrust more effectively travelling with Australia. The coupling of
Australia with the volcanic arc declines westward toward the subduction-collision
transition (Nugroho et al. 2009), and reduces to background convergence rates
west of Sumba. In essence, the GPS data reveal a diffuse plate boundary that is not
a single linear feature but a progressive zone of strain transfer, from the Java
Trench to the Wetar Thrust. This is common to many plate boundaries, such as the
Marlborough fault system of the South Island of New Zealand (Little & Roberts
1997; Little & Jones 1998). The November 2016 Mw7.8 Kaikoura earthquake
ruptured a mesh of faults across a plate boundary zone more than 100 km wide
(Hamling et al. 2017). Some of those faults slip very rarely, while others slip every
century and a half. We envisage a similar situation in the Timor region, with some
localized strain on major faults and much distributed strain on a mesh of less

active faults.

The argument above implies that seismicity provides another important
guide to the nature of structure that accommodates the ongoing deformation

between the Australian and Asian plates. Tectonic plate boundaries typically
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display clear patterns of seismicity that reveal the structure of the interacting

plates, and the shape of any subducting plates.
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Figure 2. N-S sections using 0.8°-wide bins across segments of the Indonesian slabs using
the CIR catalogue. Sections compare the distribution of seismicity at A) Sumba (young
collision) and B) Timor (old collision). Top figures show topography profiles along the
seismicity sections. The Sumba section shows near continuous seismicity down to the base
of the slab, and a high level of activity in the outer arc ridge. The Timor section highlights a
lack of intermediate depth seismicity and a clustering of shallow seismicity on the Wetar
Thrust. Note the lack of a north dipping cluster of earthquakes associated with the Timor
Trough.

Historical catalogues show the Sumba to Timor region to be very
heterogeneous in its seismicity. A relatively typical pattern is observed in the
Sumba region (Fig. 2A), which features a zone of seismicity that is located on the
subduction interface beneath the forearc, and a subducting slab that is seismically
active to depths >600 km. In the Timor region (Fig. 2B) intermediate depth
seismicity is largely absent beneath the extinct Wetar volcano. Relatively
infrequent shallow seismicity occurs mostly on reverse faults such as the Wetar
Thrust in the back-arc region. The gap in intermediate seismicity is consistent
with rupture (tearing) of the subducting slab (Sandiford 2008; Ely & Sandiford
2010). If the slab is ruptured, the pull of the slab is negated and any convergence

across the Timor Trough must slow and stop and there certainly appears to be
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little ongoing convergence based on GPS surveys (Genrich et al. 1996; Kreemer et
al. 2000; Bock et al. 2003; Simons et al. 2007; Nugroho et al. 2009; Koulali et al.
2016). This is consistent with seismic reflection studies that indicate that the plate
boundary in Timor has largely been transferred to the Wetar Thrust (Silver et al.

1983; Breen et al. 1989; Masson et al. 1991; Snyder et al. 1996b).

3.2 The Savu Region as an example of a young Timor Trough

Recent work in Timor (Duffy et al. 2017) supports earlier suggestions
(Harris 1991) that the Savu region is a good analogue for how early Timor would
have evolved. The islands of Savu and Rote are formed of weak sandstones and
mudstones of the Babulu and Wai Luli Formations (Harris et al. 2009) that are
equivalent to and correlated with Mesozoic rift-related units of the Australian
continental margin (Charlton 1989). These Australian continental rocks are
thrusting northward over the forearc crust, forming an elevated southern
boundary to the Savu Sea forearc basin, where young sediments are accumulating
on Banda forearc crust (Harris et al. 2009; Rigg & Hall 2012). A drill hole on Savu

intersected the forearc crust about1.2 km below the surface (Harris et al. 2009).

Triassic/Jurassic rocks overlying the Savu-Rote forearc are older than the
eruption age of the youngest metamorphosed igneous rocks of the Banda Terrane
(Harris 2006; Standley & Harris 2009), and were therefore not simply deposited
on top of the Banda Terrane. In fact, biogeographic affinities of Jurassic
radiolarians of the Wai Luli Formation shales on Rote suggest that during that time,
Rote was probably located in a low latitude realm on the southern margin of the
Tethyan Ocean (Sashida et al. 1999), a position occupied by the northern edge of

the Australian continent.

The Mesozoic rocks on Rote (Roosmawati & Harris 2009) and possibly also

on Savu (Harris et al. 2009) are intercalated by faulting with Cretaceous and
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Tertiary rocks of the manganiferous, cherty Nakfunu/Ofu Formations. Sawyer
(1993) considered the Nakfunu Formation of West Timor to be correlative with
elements of the Bonaparte Basin Darwin Formation, and Roosmawati and Harris
(2009) suggested that the Rote equivalents accumulated on the Australian
continental slope. These young, Australian-affinity rocks, which are generally
equivalent to the world-class manganiferous rocks of Groote Eylandt, are found
only on the north side of Rote, because they have been overthrust from the south
by Australian rift basin rocks. This virtually precludes the possibility that the
Mesozoic rocks were on the north side of the rift and collided with Asia much

earlier, and reinforces their origin on the Australian side of the Tethys Ocean.

The Australian rocks exposed on Savu and Rote have been emplaced
northwards over the top of the forearc basement. Superficially, this resembles an
accretionary prism, for which the Timor Trough would be the trench. However, the
overthrust rocks are not the thin sediments that are scraped off the oceanic crust
further west, but rocks of the continental crust of the Australian northwest shelf.
In contrast, the rocks exposed on Sumba are forearc rocks (Fortuin et al. 1997),
lifted up above the partly subducted Scott Plateau (Figure 1). The same Cretaceous
clastic units are present below Savu as are exposed on Sumba (Harris et al. 2009),
indicating that forearc basement is present below Savu and that the present
surface trace of the boundary between Australian and Banda crust lies between

Sumba and Savu (Figure 1).

Mud volcanoes provide insight to what lies beneath that forearc basement.
Savu mud volcanos contain blocks of limestone with a distinctive fauna of crinoids
from the Carboniferous to Permian (Paleozoic) Maubisse Formation (Harris et al.
2009). The Maubisse Formation was formerly assigned to the Asian margin of the
Tethys Ocean (Audley-Charles 1968; Carter et al. 1976), but subsequently
reassigned to the Gondwanan margin on the basis of its brachiopod fauna (Bird &

Cook 1991). The Maubisse Formation was not found in the drill hole, or in the
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surface geology, so must lie below the forearc, from whence it is carried by mud

volcano fluids.

The observations above indicate that the feather edge of the Indonesian
forearc has sliced into the Australian continent, subducting the lower levels of the
stratigraphy and allowing the uppermost continental crust to thrust northwards

over the forearc. This situation is shown in a sandbox model available online

(Harris et al. 2009) and illustrates the complexity of a plate boundary in a collision
zone, even at early stages. The stacking of thrust sheets of Carboniferous to
Triassic Australian rocks below the forearc, the draping of the forearc over these,
and the thrust stacking of Mesozoic to Cenozoic Australian rocks above the forearec,
creates a substantial topographic load and bends down the northern edge of
Australia. The Timor Trough in the Savu region is simply a bathymetric divide
between the bent down, relatively undeformed Australian Sahul Shelf and the
topographically elevated piles of stacked rocks that form Savu and Rote. The Timor
Trough south of Savu evolved from a subduction plate boundary, but is not a

subduction zone plate boundary (Audley-Charles 2004).

3.3 The Australian affinity of the Timor fold and thrust belt

Timor differs from Savu-Rote in several key ways that are largely a matter
of temporal and spatial scale. Rote island only emerged above sea level about 0.3
Ma (Roosmawati & Harris 2009) and Savu less than 1 Ma, following the initiation
of plateau collision prior to 1.6-1.7 Ma (Harris et al. 2009). In contrast the collision
in Timor began prior to 4.5 Ma, when Timor first emerged as an island, and may
have begun as early as 8 Ma (Berry & McDougall 1986; Keep & Haig 2010; Tate et
al. 2015). The age of collision is reflected in the geological complexity of Timor,
which is greater than that of Savu or Rote. Timor’s complexity is partly a result of
the magnitude of uplift since the onset of collision (Nguyen et al. 2013). Rapid and

prolonged uplift has resulted in prolonged erosion that has exposed the


http://geosphere.gsapubs.org/content/suppl/2009/06/10/5.3.152.DC1/geos00209_an01.mov
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underplated Australian continent throughout much of the island (Figure 3), and
landsliding has obscured much of the structural context. Few places remain where
contiguous Banda Terrane is preserved on shore in Timor, and those are primarily
in the western part of the island. In Timor-Leste, only isolated exposures of Banda
Terrane remain south of the Wetar Strait (Figure 1A). These occur as one
contiguous thrust sheet in the Ocussi enclave in West Timor, and a few examples

of both klippe (Harris 1991; Tate et al. 2015) and horst blocks (Duffy et al. 2013).

Overthrust Australian shales

i Australian passive margin rocks
—_———

_Australian rift basin rocks

forearc crust

-
-
-
=
—~
-
-

Rupture?

N

Figure 3. Section across Timor modified from Tate et al. (2015). The black shows areas of
uneroded forearc remaining on Timor Leste. Blue line is topography. This section highlights
the extent of Australian rift basin rocks on Timor. Presently anything below 15 km is
speculative; Slab rupture, delamination and continental subduction have all been proposed.

Despite these differences, and despite its relative complexity, Timor’s
geology can also be best explained if the feather edge of the Indonesian forearc
has sliced into the Australian continent (Duffy et al. 2017), subducting the lower
levels of the stratigraphy and allowing the uppermost continental crust to thrust
northwards over the forearc. Banda Terrane rocks are present at >1 km depth
below Australian rocks in the Cota Taci-1 exploration well off the south coast of
Timor (Charlton 2002) (Figure 3), where it has not been uplifted and eroded. The

remaining scraps of forearc in the orogenic wedge make up a very small part of its
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volume. The bulk of Timor’s rocks are similar to Savu-Rote in that they consist of
Paleozoic to Cenozoic rocks that display a strong affinity with the rocks of the NW
shelf. The interpretation of Timor’s geology as equivalent to a shortened
Australian outlying plateau is supported by multiple lines of evidence, and has
influenced the naming of the large-scale rock sequences on Timor (the Gondwana
and Australian Passive Margin Megasequences (Haig & McCartain 2007)). Some of

the strongest evidence is detailed below.

A pre-collisional association between the Banda Terrane and the
Gondwanan rocks can be reliably discounted. Firstly, as stated above, the Banda
Terrane is too young to be Australian basement (Harris 2006; Standley & Harris
2009). Secondly, the Banda Terrane on Timor displays a history of exhumation
(coming to the surface as a result of erosion or faulting) that is quite incompatible
with the Cenozoic history of the Gondwana Megasequence over the last 40 Myr
(Harris 2006; Tate etal. 2014), The Gondwanan rocks cannot therefore have been part of the
Banda Terrane during that period of time and must therefore have been part of

the NW Shelf.

In 1989, Charlton (1989) presented a stratigraphic correlation across the
Timor Trough for the express purpose of demonstrating that southern Timor (the
Kolbano area of West Timor) had been attached to the Australian continent. The
correlation, and thus the period of attachment, encompassed the entire period
between the intracratonic rifting of Gondwana that began in the Permian and
ultimately led to the opening of the NeoTethys, and the post-rift sequence that
accumulated following rifting and continued accumulating right up to the time of
the Neogene closure of the Tethys and collision with the forearc of the Indonesian

volcanic arc.

No reconstructions since 1989 have placed the entirety of Timor anywhere
other than on the northern margin of Australia, (e.g. Fig. 4) (Metcalfe 2013). Its

position there is borne out by the thickness and facies-age relationships of the
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Timor stratigraphy (Charlton 1987,1989; Charlton & Suharsono 1990; Charlton et
al. 1991; Charlton & Wall 1994; Charlton 2000; Charlton 2001; Charlton et al.
2002; Haig & McCartain 2007; Charlton et al. 2009; Tate 2014; Benincasa 2015;
Tate et al. 2015), which are consistent with equivalent units on the NW shelf
(Petkovic et al. 2000) and Exmouth Plateau (Mutter & Larson 1989; Exon et al.
1994; Stagg et al. 2004), but completely inconsistent with the stratigraphy of the

Banda Terrane.

EARLY CRETACEOUS (120 Ma _‘

Fig. 4. 2013 reconstruction of the Early Cretaceous Paleogeography of Australia (Metcalfe
2013), showing the position of Timor in the shallow seas (light blue) of Australia’s
continental shelf.
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The robustness of the correlation between Timor and the NW shelf goes
beyond correlating rock types and ages. Paleo-environments suggest that
Timorese Gondwanan rocks were part of an outlying continental plateau of the
NW Shelf. The Exmouth Plateau and the Mesozoic rocks of Timor show
comparable deepening of their paleobathymetry as a result of subsidence during
the Cretaceous (Keep & Haig 2010). Shales exposed onshore in Timor also contain
a molluscan fauna that is not otherwise found outside the contiguous Australian
shelf. Until the biogeography of these organisms is rewritten, these rocks must be
considered part of the Australian continental shelf (Haig & McCartain 2007; Keep
& Haig 2010).

Geophysical data also support consideration of Timor as an extension of
the NW Shelf. Paleomagnetism of Permian rocks on Timor show close agreement
with equivalent age rocks in Australia (Chamalaun 1977), suggesting that they
were stratigraphically continuous with the Australian NW shelf prior to collision
(Chamalaun & Grady 1978), rather than on the opposing rift margin as would be

required if they were part of Asia during the Cenozoic.

Gravity measurements across the Timor Trough reinforce this message
(Snyder et al. 1996a). A strong negative gravity feature is associated with the
southern slopes of the Timor orogen that is not compatible with a subduction
trench. The gravity low suggests that the thin young sediments on the Timor slope
are underlain by anomalously thick older sediments or continental crust, rather
than dense forearc basement (Figure 3). This geophysical evidence for

anomalously thick and buoyant crust was interpreted to imply that a

“local promontory in the irregular boundary of the Australian craton
was underthrust beneath the volcanic arc and forearc, to a depth of
50-70 km, or a Paleozoic basin similar to the nearby Bonaparte Basin
was underthrust and its former crustal structure inverted and

thickened to form buoyant continental crust. (Snyder et al. 1996a)”
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This interpretation echoed that of Harris (1992) and presaged several
subsequent interpretations (Charlton 2000; Keep & Haig 2010; Duffy et al. 2013).
Recent balanced sections have reinforced the concept of a 300 km wide subducted
plateau, off which the top 4 km (the thickness of the Exmouth Plateau) has been
scraped (Tate 2014; Tate et al. 2015) (Figure 3). The reconstructed extent of that
plateau is shown in Figure 1A, and shows that the Timor orogen is equivalent to
folding and thrusting the entire distance from the Timor Trough to the Australian
coastline. The length of the plateau requires that it should have reached magma
generation depths, and thus be recorded in the geochemistry of the extinct
volcanoes. This is consistent with several studies that report continental influence
on the geochemistry of lavas on Wetar and Atauro (Wheller et al. 1987; Elburg et
al. 2005; Ely et al. 2011; Herrington et al. 2011) since prior to 3Ma.

Even the syn-collisional sediments attest to the ‘Australianness’ of Timor.
The provenance of synorogenic sedimentary rocks suggests that Australian-
affinity shales have been the dominant contributor to syn-collisional sedimentary

basins since at least 4.5 Ma (Duffy et al. 2017).

4 Does the Timor Trough mark the edge of the NW shelf?

If the Timor Trough is considered to be a continental shelf edge, it should
conform to similar settings on the NW Shelf, such as the edge of the Exmouth
Plateau. Fig. 5 compares seismic transects across the Timor Trough (Petkovic et al.
2000) (Fig. 5A&C) and across the Exmouth Plateau (Mutter & Larson 1989; Stagg
et al. 2004) (Fig. 5B). The Timor Trough transect shows that the strata of the NW
shelf are bent down into the trough, whereas no such bending is observed in the
Exmouth Plateau survey. Fig. 5C shows that the bent down NW shelf strata can be
traced across the trough into the fold and thrust belt that forms the Timor slope

on the northern side of the trough (Karig et al. 1987).
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Fig. 5. A) A seismic transect across the Timor Trough (Petkovic et al. 2000), showing bending
down of formerly horizontal strata into the trough. B) Seismic transects through the
Exmouth Plateau by authors including Mr Mark Alcock of Geoscience Australia provide a
counterpoint that shows show no evidence of such bending (Mutter & Larson 1989; Stagg et

al. 2004). C) The bent down strata in A can be traced right into the slope on the northern
(Timor) side of the trough (Karig et al. 1987).
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This interpretation is supported by evidence from the DSDP262 drill hole located
a few hundred meters south of the axis of the Timor Trough, and at close to the
maximum depth of the trough (Heirtzler et al. 1974). The hole contains three
facies (types) of sediment; the basal facies is a shallow shelf calcarenite (limey
sandstone) that extends from 414 m to 442 m down the hole. The upper two facies
accumulated at progressively greater depths. Like Fig. 5A&C, seismic reflection
surveys acquired across the drill site show that the Australian continental shelf is
bent down (Veevers et al. 1978). Based on the distinctive facies transition from
shallow marine at the base of the hole to deep marine at the top, and on the
evidence provided by the seismic survey, Veevers et al. (1978) interpreted the
sequence of lithologies and micro-fossil paleo-environments represented in the
hole as resulting from progressive depression of the continental shelf from
shallow (continental shelf) to bathyal (Timor Trough) depths. In other words, the
sloping northern ‘edge’ of the NW Shelf is not an edge at all but a bend of the
continental crust caused by the weight of the Timor mountain belt, which has
progressively built up as the continental shelf has shortened. In this context, the
Timor Trough is best considered as a foredeep, the deepest part of a foreland basin
that forms during loading of an elastic continental lithosphere. Such basins are not
necessarily plate boundaries, and may occur within continents, either on land

(Menegazzo et al. 2016) or in a marine setting (Critelli et al. 2007).

5 Where is the old plate boundary between Timor and Australia?

With the exception of Bird (2003), who drew Timor as a separate plate, few
people have ever regarded the Timor Trough as a plate boundary. Bird’s definition
was based on a neotectonics view of a plate, which is better referred to as a block,

and should be seen in the context of his breaking the earth down into 52 plates
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(blocks) rather than the traditional eight. The difference is best explained for a
country like New Zealand, where the Australian and Pacific Plates can be broken
down to >10 blocks that rotate relative to each other, depending on the model
(Nicol & Wallace 2007; Wallace et al. 2007; Wallace et al. 2012). In this context,
the Timor “block” is a similar size to the Canterbury block in New Zealand. Other
GPS studies of Indonesia have similarly broken the Banda Orogen down into

separate blocks (e.g., Bock et al. 2003; Nugroho et al. 2009).

The plate boundary at the onset of collision would have been the contact
between the Indonesian forearc and the Australian ocean crust. Once the leading
edge of the Australian continent began to split, with part going below and part
above the forearc, the original plate boundary trench would have been buried
below the collisional deformation, and the plate boundary would have become the
contact between the forearc and the overthrust rocks, until such time as

deformation was transferred northwards.

The original position of the plate boundary trench can be approximated by
joining the ends across the length of the Timor orogen. The arc-trench gap along
the Java trench is very regular and is about 270 km at the longitude of Sumba. East
of Sumba, the arc is younger and therefore likely to be a little narrower (Dickinson
1973), but east of Tanimbar it reaches about 250 km. The gap between Atauro
volcanic island and the Timor Trough is only ~170 km. On this basis, the original
location of the trench probably lies below the NW shelf (Figure 1B) and does not

coincide with the Timor Trough.

The key points made here are that 1) the original plate boundary - the
subduction thrust between Banda Terrane and Australian rocks - is now
dismembered and mainly preserved as fragments along the north coast of Timor;
2) the original location of the plate boundary is probably buried under the
Australian basement of the NW shelf; 3) the Timor Trough coincides with neither

the original position or the final postion of the subduction thrust; 4) the Timor
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Trough evolved from a subduction thrust but has not been a subduction thrust
since the early to middle Pliocene; 5) Timor is underlain by Australian continental
basement; and 6) the modern plate boundary is largely transferred to the north of
Wetar (Silver et al. 1983; Masson et al. 1991; Snyder et al. 1996b). These points
render it difficult to envisage a geological case for interpretation of the Timor
Trough as a maritime boundary marking the northernmost extent of Australian

continental crust.

6 Summary

The Timor plate boundary system remains relatively poorly understood.
However, the available evidence, summarized in points 1-6 of the preceding
paragraph, leads us to consider that the Timor trough is not presently a tectonic
plate boundary. Rather it is a foredeep of the Timor fold and thrust belt, developed
as a result of attempted continental subduction at a Pliocene plate boundary, and
presently located within the Australian continent. Critically, Timor is largely made
of the very same rocks that lie beneath the sea floor on Australia’s own north-west
shelf, albeit broken up and interleaved with bits of the Indonesian forearc in great
thrust stacks that pushed the island from the sea a few million years ago. The old
plate boundary is not a single line but rather a dismembered, locally emergent,
substantially overrun collection of features, none of which coincide with the Timor
Trough. If Timor is made from the same shelf, there can be no continental “shelf
edge” between Timor and Australia and that conclusion is supported by seismic
surveys that should highlight the difference between a shelf edge and a foredeep.
We see no geological case for varying the maritime boundary from the

international norm defined Article 76.
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