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Abstract: A full global geodynamical reconstruction model has been developed at the
University of Lausanne over the past 20 years, and is used herein to re-appraise the
evolution of the Australides from 600 to 200 Ma. Geological information of geodynamical
interest associated with constraints on tectonic plate driving forces allow us to propose a
consistent scenario for the evolution of Australia—Antarctica—proto-Pacific system.
According to our model, most geodynamic units (GDUs) of the Australides are exotic in
origin, and many tectonic events of the Delamerian Cycle, Lachlan SuperCycle, and New

England SuperCycle are regarded as occurring off-shore Gondwana.
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1. Introduction

The geodynamic history of the Australides (termed after [1]) throughout the Phanerozoic is a matter
of debate, in particular concerning the origin of “terranes” (see, for instance, discussion from a
palacomagnetic point-of-view synthesized in [2]; and from a geological point-of-view synthesized
in [3]), and therefore, the interaction between the East Gondwana margin and the vast realm often
included under the name “Panthalassa Ocean” (e.g., [1]).

The present work aims to reappraise the geodynamic evolution of the East Australia—East
Antarctica-Tasman Sea—New Zealand—proto-Pacific region for the Palacozoic—and for the
Mesozoic-Cainozoic in a companion paper [4]—from a full global reconstruction model. The model is
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merely a model, but uses strict plate tectonic rules and physically coherent hypotheses, deeply rooted
on geological data. Although many hypotheses were tested during the development phase of the
model, the degree of freedom is revealed to be low when the model must comply at global scale with
all geological data, with plate kinematics and plate geometries, and with geodynamic scenarios. The
model presented herein takes into account as many of these constraints as possible.

The discussed region is a key location for understanding the evolution of the Australides. Several
excellent works have addressed the tectono-stratigraphic relationships between various provinces
(e.g., [5-11]) and the palacogeography of the region (e.g., [12—15] or [16]). Tectonic and geodynamic
scenarios, however, have been proposed at relative local scale (in particular for the formation of the
Lachlan Orogen; e.g., [17-21]) and the “Panthalassa realm” is often left blank.

2. Method

A full global, physically consistent, ArcGIS®-based geodynamical model covering over 600 million
years (Ma) has been in development at the University of Lausanne for many years. The techniques and
definitions used to create the model were partly presented in many publications (in particular [22,23]
and [24,25]), and will be soon further detailed elsewhere. Here we summarize the key criteria:

(1) All tectonic plates are rigid to first order and must have closed boundaries, following the
“dynamic plate boundaries approach” [22]. Synthetic ocean spreading axes, in particular, are
reconstructed for time t4, and used as isochrons (or “synthetic magnetic anomalies™) at time tg. Where
available (i.e., in particular not for the Palacozoic), tectonic plates are positioned one relative to
another using magnetic anomalies as defined by [26,27]. Isochrons (synthetic or not) are important
features of the reconstructions since they constrain plate geometries, and therefore, plate kinematics.
Plate velocity is defined as “acceptable” up to 22 cm/year (which correspond to the present-day
rotation rate of the Rivera plate; 1.9781°/Ma or equatorial velocity of 21.99 cm/year after [28]).

(2) The model is “geodynamic” in the sense that it is kinematically constrained on the entire sphere
in 2D, but also in 3D with scenarios accounting for forces acting at plate boundaries. These scenarios
are validated a posteriori by numerical simulations (e.g., [29]), and independent datasets such as
tomography images (e.g., [30,31]).

(3) Crustal fragments are defined as what we term GeoDynamical Units (GDUs) in the present-day
configuration, in order to avoid misunderstanding with other terms such as continental blocks,
microcontinents or terranes. GDUs are defined all over the globe (>1000 GDUs) as not deformable in
order to enable geological information to be transferred back in the past, in its genuine configuration,
and to test whether those data are compatible with what the model predicts ([24,25]). Consequently,
non-rigid deformation such as geological bending, stretching or shortening is not corrected within a
GDU, but tight/untight fits are used not to underestimate crustal extension/shortening.

(4) Differences between continental and oceanic region are related to the nature of the crust and not
to shore line associated with sea-level. Present-day coast lines, of course, are shown as geographical
references only.

(5) Reconstructions are global, and are made in a Europe fixed reference frame, using all possible
data of geodynamical interest, which have been compiled in the PaleoDyn Database (see [24]). A
palacomagnetic grid is, however, shown on our maps, and the “pseudo-absolute” position is
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constrained using palaecomagnetic information and palaeoclimatic indicators. The apparent polar
wander path (APWP) modified after [32], in particular, is used to define the “pseudo-absolute” reference
frame over 600 Ma—named “pseudo” because APWPs give no constraint on palaeo-longitude. The
model comprises 48 reconstructions over 600 Ma every 5 to 20 Ma.

3. Geodynamic Reconstructions

A “good” fit for Gondwana at about 200 Ma is a key feature for understanding both the Palaeozoic
and Mesozoic-Cainozoic evolution of the Australides. The retained solutions for the “Gondwana
best-fit” are given in [4]. The position of GDUs at 200 Ma has influence on our starting configuration
at 600 Ma. Note that names of GDUs are provided on this configuration (Figure 1) for readers who are
familiar with the region, but, for sake of clarity, only names of large scale terranes are shown in the
reconstructions (Figure 2).

Among all the work on the Australides, nomenclature and GDU definition (Figure 1) refer largely
to the thorough synthetic work of [3] and numerous references therein.

Figure 1. (a) Present-day configuration (000 Ma) showing GDUs with ETOPOI as
background (topography/bathymetry of the bedrock (ice removed); [33]). Abbreviations
are as in (b), except for: AS, Auckland Spur; Fio. and Rise, Campbell Fiordland and
Campbell Rise; N, Norfolk Ridge; N.-Z., New Zealand; NC, New-Caledonia Ridge; NEO,
New England Orogen; NVL, Northern Victoria Land. In Green are names of Australian
cratons, with Yilgarn, Pilbara, Grawler, Curnamona-Broken Hill [C.-BH] and the North
Australian [N.Aus] cratons (comprising Kimberley, Tanami, Mount Isa, Tennant Creek
[TC], and Pine Creek cratons). (b) Reconstruction at 200 Ma (“Gondwana Fit”’). Abbreviations
are provided in the figure note. Orthographic projections; this figure is in part derivative
from the Neftex Geodynamic Earth Model, © Neftex Petroleum Consultants Ltd. 2011.
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Notes: Ant-Pen, Antarctic Peninsula; Auck.Sp, Auckland Spur; BB, Bendigo-Ballarat; BC, Bass Canyon;
Bel, Bellona Plateau; Blg, Belgrano; Berk, Berkner Island; BHd, Bird’s Head; BM, Barnard Metamorphics;
BW, Bencannia-Wertago; Bw, Bowers; Byg, Bygrave; C.Aus, Central Australia; C.LHR, Central Lord Howe
Rise; CamFio, Campbell Fiordland; CamR, Campbell Rise; CH, Coffs-Harbour; Chal, Challenger Plateau;
Ches, Chesterfield Plateau; Cun, Cunnamulla; Dol, Dolleman; DS, Dolphin Spur; Ell, Ellsworth Mountains;
ETR, East Tasman Rise; Fio.-NZ, Fiordland province of New Zealand, comprising South Buller terrane,
South Takaka terrane, and the future South Median Tectonic Zone (MTZ); GgL, Garnpung Lake; Gi, Gilbert
Seamount Complex; GRC, Glenelg River Complex; H, Howqua; HB, Hogdkinson-Broken Ridge;
HE, Hill-End; Is, Iselin Bank; J, Mount Jack; K, Kayrunnera; Kan, Kanmantoo; Kg, King Island; LW, Lake
Wintlow; M, Melbourne; Md, Menindee; Mel, Mellish Rise; Mo, Molong; MtE, Mount Erebus; Na,
Narooma; N.Aus, Northern Australia; N.LHR, North Lord Howe Rise; Nb, Nambucca; Ne.-NZ, Nelson
province of New Zealand, comprising North Buller terrane, and North Takaka terrane; Pat, Patuxent; PTk,
Paka Tank; PTu, Parkes-Tumut; RB, Robertson Bay; RG, Rockeley-Gulgong; S.Aus, Southern Australia;
S.LHR, South Lord Howe Rise; Sand, Sandy Island; SBG, Sydney-Bowen-Gunnedah Basin System; SBo,
South Bounty Plateau; SBS, South Bollons Seamount; SC, Schlossbach Cape; Sim, Simpson; STR, South
Tasman Rise; Stv, Stavely; Stw, Stawell; SW, Shoal Water; Tab, Tabberabbera; Tas., Tasmania, comprising
NW-, north-western Tasmania, SW-, south-western Tasmania, C-, central Tasmania, E-, eastern Tasmania;
Tex, Texas; Thu, Thurston Island; Trans.Mtns, Transantarctica Mountains; W.Aus, Western Australia;
W.NC, Western New-Caledonia Ridge; Wen, Wentworth; WO, Wagga-Omeo; WT, Wandilla-Tablelands;
YT, Yarrol-Tamworth.
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Figure 2. Geodynamic reconstructions from (a)—(e) Middle Ediacarian to Early Cambrian;
(f)—(g) Middle Cambrian to Middle-Late Ordovician; (k)—(0) Early Silurian to Middle-Late
Devonian; (p)—(t) Late Devonian to Late Carboniferous; (u)—(y) Early Permian to Late
Triassic. Same legend as per Figure 1. Views from the present-day South Pole, with
palacomagnetic grid (grey dashed line, 10° spacing, modified after [31]). Approximate location
of cross-sections of Figure 3 are shown for indication. Blue and brown background colors
represent oceanic and continental lithosphere, and not the shore-line (no palaeo-geography).
Present-day shore-line (turquoise) is shown as geographic indicator only. Orthographic
projections; this figure is in part derivative from the Neftex Geodynamic Earth Model,
© Neftex Petroleum Consultants Ltd. 2011. Chronostratigraphic terms after the
International Chronostratigraphic Chart—version 2013/01 of the International Commission
on Stratigraphy [34].
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3.1. The Delamerian Cycle (Figure 2a—h)

In our reconstruction at 600 Ma, Australia-Antarctica faces Laurentia (Figure 2a), and both
continents are located mainly according to palaecoclimatic and palaeomagnetic data. The eastern coast
of Australia-Antarctica corresponds to a passive margin environment according to the Torrens Hinge
Zone stratigraphy ([3] and references therein), which formed during the break-up of Rodinia (or Pannotia)
ca. 750 Ma ago. Mafic igneous rocks (Koonenberry; Broken Hill area) east of the Curnamona Craton
prove, however, that the passive margin turned into an active margin, with arc-related rocks dated at
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526 Ma that [35] related to a basin-and-range setting. The west coast of Laurentia appears to record rift
setting, in particular as indicated by subsidence curves ([36]; see also [37]).

We propose accordingly that a large terrane—the Patagonia-Wagga terrane—rifted off Laurentia at
(or just prior to) 600 Ma (Figure 2a). However, a first magmatic arc — named herein Kayrunnera
arc—detached from Laurentia, and collided diachronously with the Australia-Antarctica passive
margin between 560 and 535 Ma (Figure 2c,d), converting the Australian passive margin into active
margin by subduction reversal (Figure 3; see also [29] for discussion about subduction reversal
processes). Thus by 526 Ma, the Australia-Antarctica active margin is established. Slab roll-back
induces cordillera collapse (corresponding thus to the basin-and-range setting of [35]), rifting and
finally back-arc spreading as suggested by the ca. 7-8 km thick sediments and mafic rocks of MORB
chemistry in the Kanmantoo Trough (Broken Hill area; [3] and references therein). We choose that
time to create the Diamantina rifting, which we associate with large scale stretching of the Simpson,
Cunnamulla, and Anakie GDUs (see below). We name “Bowers arc” the “new” magmatic arc detaching
from Antarctica-Australia and migrating toward the Patagonia-Wagga terrane, the ribbon continent
which has been detached from Laurentia. Meanwhile, Gondwana underwent its final assembly—and
therefore came only into existence around ~520 Ma—through the Damara—Kuunga—Pinjarra orogenies
(e.g., [38]). Arc-continent collision occured off-shore Gondwana between 510 and 500 Ma (Figure 2g),
and corresponds to the Delamerian Orogeny. Since the northern tail of the “Bowers arc” corresponds
to intra-oceanic subduction in our model (plate boundary must be closed; Figure 2f), driving forces are
considered large enough to trigger subduction propagation behind the accreted terrane after the
Delamerian Orogeny. The oceanic plate—named Antoine plate in the model—is limited to the north
by a transform fault (which allowed the terrane kinematics until accretion) and subduct beneath the
newly created active margin. The collision (Delamerian Orogeny) also triggers the closure of the
back-arc basin and finally a second collision (Figure 2h; Figure 3)—the Ross Orogeny—between the
Patagonia-Wagga terrane and Gondwana. The hypothesis of a Delamerian Orogeny occurring
“off-shore” Gondwana and followed shortly after by the Ross Orogeny is based on deformation ages
clustering around 505 Ma and around 485 Ma in Australia (Broken Hill area, Mills, pers. com. [39];
[3] and references therein) and in Antarctica (Victoria Land; e.g., [40,41]), and the presence of two
Cambrian volcanic belts predominantly observed in Victoria and in Tasmania. The change in
directional trend of Cambrian Volcanics in Australia (from Stavely to Paka Tank GDUs) is explained
by “oroclinal bending”. Orocline formation was facilitated by lithospheric thinning during Diamantina
rifting which permitted subsequent westward migration of the upper plate arc over the thinned
lithosphere, driving crustal buckling about a vertical axis of rotation.

The Delamerian and Ross sutures are, therefore, close in space and time (i.e., potentially difficult to
discriminate in the field), and run from the Pampian—Goias suture (see [42] and references therein) in
South America (for the Ross suture only), along the Transantarctic Mountains in Antarctica, in western
Tasmania, along both side of the Stavely, Lake Wintlow, and Kayrunnera GDUs, and along the
Bygrave and Paka Tank GDUs in Australia (Figure 2h).
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Figure 3. Schematic cross-section (not to scale horizontally) depicting the general
geodynamical evolution of the Australides. (a) Cross-section from Middle Ediacarian to
Late Cambrian (“Delamerian Cycle”); (b) Cross-section from Early Ordovician to Mid
Carboniferous (“Tabberabberan Cycle” and “Kanimblan Cycle”); (¢) Cross-section from Mid

Carboniferous to Late Triassic (“Hunter-Bowen SuperCycle”).
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3.2. The Lachlan Cycle (Figure 2h—o)
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Subsequent to the terminal Ross collision, the Antoine oceanic plate was subject to north—south
shortening. As a response, the above mentioned transform plate boundary failed, and a new
intra-oceanic subduction zone developed, facilitated by the growth of a new plate—named the Julia
plate. The new Delamerian—Ross cordillera collapses due to roll-back of the Antoine plate, and the
Macquarie arc (sensu largo) detaches and forms the Lachlan back-arc basin (Figure 3). We assume
that the basement of the Tabberabbera, Garnpung Lake, Mount Jake, Wagga-Omeo, and Parkes-Tumut
GDUs is stretched but remains (partly?) continental in nature, whereas other GDUs have oceanic
basement, in order to account for differences in sedimentary facies (see “shelves and troughs” in [3]).
The Lachlan basin is viewed to some extent here as an equivalent of the present-day Tasman Sea or
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Scotia Sea, where strongly stretched continental fragments are left over from the arc during basin
opening. Such a configuration can account for the necessary continental components, and the
numerous geophysical and geochemical studies (e.g., [3] and references therein) showing that the basin
crust is largely oceanic in nature (largely oceanic, but remaining of unclear nature in localized zones;
see [21] for similar interpretation).

The southern extent of the Lachlan back-arc basin is limited by a strike-slip fault placed against the
Robertson Bay GDU, in order to explain the position of the Proterozoic Surgeon Island granite, which
has affinities with the Mawson craton (e.g., [40] and references therein; [41]). With such configuration,
the granite could have been displaced along the fault during back-arc opening, and pulled away from
the craton.

The basin is filled up with a thick pile (over 3 km locally; [43]) of turbiditic sediments derived from
the Delamerian—Ross Orogen [44—46]. The thick turbiditic series may partly explain why the back-arc
did not close later on (see below).

Hot spot magmatism is inferred to characterize off-shore Gondwana (Figure 2i). Ridge jump
potentially associated with the hot-spot leads to splitting of the intra-oceanic magmatic arc (on the
Julia tectonic plate). The Julia abandoned arc separates the Antoine Ocean from the Julia Sea
(Figure 2j). The resulting oceanic plateau—named herein the Benambran plateau—and seamount
chain are involved in an “arc-plateau collision” that we link to the Benambran Orogeny in the
Rhuddanian (see [3] for a synthesis of the definitions of the Benambran Orogeny; Figure 2k). No data
were found to support a model of rifting, migration and subsequent continent-continent collision of any
terrane, which could correspond to that Benambran orogenic event. With an “arc-plateau collision”
model, the southern end of the Macquarie arc (s./.) is pinned, whereas the northern end splits and forms
the Tumut and Cowra Troughs (Figure 21; [3] and references therein). The Macquarie arc (s.s.) is
regarded as an intra-oceanic subduction-related arc, although it derives from a zone with a basement of
continental nature in our reconstruction. A modern analogue of such configuration might be the
Lau-Tonga-Kermadec arc (s./.), which in part consists of an intra-oceanic arc, although it originates in
our model from a continental area—the Lord Howe Rise [s./.; stretched continental crust with shoal
sedimentation, like the Wagga terrane (s./.) in our model].

Following [42] (and references therein), terranes (in particular, Cuyana and Antofalla GDUs) are
detached from Laurentia, and form an arc we refer to as the Yass magmatic arc, the tail of which
corresponds to intra-oceanic subduction zone. Most of the GDUs from the eastern sub-province of the
Lachlan Orogen belong to that arc, and move rather parallel to the Gondwana trench. However,
oblique arc-continent collision explains the Shackleton Event in Antarctica ([47] and references
therein; [40]). Local deformation events observed in the Lachlan Orogen (Quidongan Event, Bindi
Event) are associated with arc-seamount or arc-abandoned arc collisions. Note that the Julia abandoned
arc is well positioned to pin slab roll-back and stop or hamper the migration of the Macquarie arc
further east (Figure 21-m).

The subsequent collision of the far travelled and well developed Yass arc with the Macquarie arc
(s.l.) corresponds to the Tabberabberan Orogeny at ca. 380 Ma (Figure 20). The I-S line, a change in
granitoidic rock chemistry ([48]; see also [49]), may reflect the two different origins of the arcs. In the
model, we tentatively place the Rockeley—Gulgong GDU as part of the exotic (Yass) magmatic arc,
although evidences are lacking. The Lachlan back-arc basin is shortened by thrusting, mimicking
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double (eastward and westward) subduction as postulated by [17] or [50], but the basin in-fill is
probably too buoyant to permit total subduction. Note that exotic GDUs undergo large counter-clockwise
rotations, as palaecomagnetically proposed by [2]. Note also that all GDUs on Figure 20 are regarded
from now on as “continentalized” (i.e., as if they were continental in nature from now on).

3.3. The New England Cycle (Figure 2p—y)

Following the Tabberabberan Orogeny (Figure 3), subduction reversal occurs resulting in
subduction beneath an active Gondwana margin. The Calliope magmatic arc (e.g., [49]) develops and
starts rifting off (Figure 2p). Whether the back-arc basin becomes fully oceanic or not is unclear, but
stretching related to slab roll-back was probably strong (see below). Note that the model predicts the
position of oceanic spreading axis off-shore Tasmania and Challenger Plateau. The buoyancy of the
spreading axis might explain why the Calliope back-arc basin did not extend further south. Another arc
comprising, in particular, GDUs from the Wandilla—Tableland area (at present-day located in the New
England orogen) migrates toward the Gondwana margin (Figure 2p). The arc is a remnant attributable
to subduction that occurred along the Laurentia margin (the story of which will be detailed elsewhere).
We have no direct link between the GDUs encompassed in the Wandilla arc and Laurentia. However,
those GDUs are exotic in origin ([3] and references therein), and given the global configuration in the
model, the location of those GDUs in our Laurentian Wandilla arc, can be traced to Laurentia. The
Wandilla arc collides with the Calliope arc ca. 350 Ma ago ([3] and references therein). The Calliope
back-arc must be strongly stretched or even oceanized at its southern end, because the overriding
Wandilla arc can propagate inside and triggers oroclinal buckling of the New England Orogeny ([51]
and discussion in [52]; [53,54]; see rounded arrows in Figure 2q).

Note that a “soft collision” occurs with South-East Asia [55,56] north of Australia, and is linked to
the coeval Alice Spring Orogeny in Central Australia, and the potential activation of the Lachlan
Transverse Zone of [57-59].

Again, subduction reversal occurs after the arc—continent collision (New England Orogeny;
Figure 2q), causing the collapse of the cordillera, and explaining the extension that formed the
Sydney—Bowen—Gunnedah Basin System (indicated as Sydney basin s./. at ca. 330 Ma in Figure 2r).
Within the Wandilla arc, we placed some GDUs now located in the Wrangellia area (North America).
Wrangellia is an exotic terrane that crossed the Pacific. The reconstruction of the Pacific realm
suggests a Gondwana origin for Wrangellia along the Australian margin [60—62]. The Sydney basin
(s.l.) is regarded, therefore, as a rim basin, whereas rifting and sea-floor spreading occurred beyond
(i.e., “east” of) the Wandilla—Tableland (s./.) GDUs.

As the Wrangellia terrane drifted away from Gondwana, the Lord Howe terrane, which had
previously detached from southern Laurentia, moves toward Australia (Figure 2s). The intra-oceanic
subduction tail of the Wrangellia terrane collided with the Lord Howe terrane. Subduction reversal
creates the Gympie magmatic arc ([49]; [3] and references therein), which then detaches from the Lord
Howe terrane and moves toward Australia, while the Lord Howe terrane stays behind, as a
“Madagascar-like microcontinent”. We choose to derive the Gympie arc from the Lord Howe terrane,
since the drift of Wrangellia resulted in a passive margin setting along Gondwana (Figure 2u).
Moreover, such configuration allows us to obtain the last two phases of the New England Cycle,
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namely the Hunter and Bowen orogenies. The Gympie arc is accreted diachronously from south to
north between ca. 270 Ma and 240 Ma, in agreement with basin infill recording and magmatic
activity ([3] and references therein). After subduction reversal along the Gondwana margin, the Lord
Howe terrane collided in the Carnian (Late Triassic deformation at ca. 233 Ma after [63,64]).

4. Conclusions

Using strict plate tectonic rules and physically coherent hypotheses, the tectonic setting at 600 Ma
can be constructed (Figure 2y) so as to permit the exact configuration required at 200 Ma (Figure 1).

The development of a fully global geodynamical model (Figure 2) rooted in the available geological
data (Figure 3) allowed us to re-appraise the Palaeozoic evolution of the Australides. Contrary to many
reconstructions proposed for the same region, numerous orogenic events now observed in Australia are
inferred to have occurred off-shore Gondwana. All terranes of the Australides are regarded as exotic in
nature at some time, which has some important implications for the apparent polar wander path
deduced from palacomagnetism, in particular. Constraints on older reconstructions (>550-600 Ma),
however, are rather poor, and the model needs to be refined, in particular for those periods.
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