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Linking observations to kinematic and dynamic models

Introduction

Marine advance and retreat into continental interiors @glyi susceptible to evolving buoyancy in the mantle if the to-
pography produced by convective process is of a similar magmto global sea level uctuations. Is there evidence for

mantle convective processes producing topography on teg@ian continent since the Late Cretaceous?

Figure 1. The topography of the Australian continent with present day plate boundaries. Australia is a stable continent with few major tectonically driven
topographic changes since the Late Cretaceous. It is largely composed of cratonic fragments (yellow polygons) and fold belts active since the Plaeozoic (red).

This makes Australia a prime candidate to study the potential magnitude of convective processes on surface topography.)

Compared to the global sea level curve, the inundation history of the Australian continent does not behave as
expected. Australia became progressively inundated throughout the Cenozoic despite a fall in global sea level
( g. 2) indicating there is a component of anomalous topogra phy.

Figure 2. Global sea level and the pattern of marine inundation on the Australian continent since the Late Cretaceous are inconsistent. Here we see the
inundation history of Australia since the Late Cretaceous, modeled inundation and global sea level. Removing the sediments and inundating the continent with
global sea level (broken lines) does not match the inundation history of Australia. Global sea level curves are ltered using a cosine arch Iter with a 10 m.y.
window. Total continental area is de ned by the 200 meter isob ath (ETOPQO2 topography, N.O.A.A. 2006). Time is the midpoint of paleogeographic mapping
intervals (Langford et al. 1995). A selection of the paleogeographic maps are shown below the graph and show the increase in inundation of the Australian

continent since the Late Cretaceous.)

What is the trend of this anomalous topography and can it be related to the northward motion of the Australian
continent towards the South East Asian subduction realm (Lithgow—Bertelloni and Silver,1998) or continent
wide subsidence as Australia moved away from the topographically higher Gondwanaland (Veevers, 2004)?

Has the Australian continent tilted up in the southwest (Sandiford, 2007) associated with the motion of the
southern margin away from the putative dynamic topography low presently centered beneath the Australian
Antarctic Discordance (AAD)?

We investigate the long wavelength of the anomalous topography as it contributes to the pattern of inundation
on the Australian continent, since the Late Cretaceous. We guantify the inconsistency between expected and
observed patterns of inundation. The long wavelength component of this anomalous topography shows that
the continent tilted downward to the northeast by 300 m since the Eocene as the continent approached the
Melanesian subduction system. A shorter wavelength component is needed to account for the inundation of
the Eucla Basin. This anomaly provides the Tertiary link between subduction east of Australia, the inundation
and uplift of the eastern interior basins during the Cretaceous and the formation of the Australian Antarctic
Discordance (AAD).

Can detailed forward models including plate motion comprehensively tie these anomalous geological observa-
tions on and offshore directly to subduction processes? We present a 3D forward model of mantle convection.
This model incorporates plate motion as a surface velocity boundary condition, evolving sea oor age as a
surface thermal layer, compositionally dependant viscosity to incorporate strong cratonic roots, a low viscosity
wedge behind subduction zones, and passive tracers which map the evolution of geochemical provinces within
the mantle.

Data

Figure 3: Left: Borehole data (circles) include those published with the paleogeographic maps Langford et al (1995), several from the Murray Basin adapted
from Gallagher et al. (2007) and Brown et al. (2001). Erosional areas (squares) between 83 and 1 Ma are always set to 0. Six basins (shaded light grey) on the
margins of the continent include a pro le (black line) showing t he shelf break (grey line) which is typically at 200 m depth below sea level. Vertical tick marks are
at 1000 m intervals in each pro le. The extent of the 200 m isoba th is shaded grey. Right: Inundation of selected sedimentary basins on the continental margin
(grey line with circles) and modeled inundation (black line with squares). The Eucla Basin includes an additional 250 m deep short wavelength component of

anomalous topography (broken black line).
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Methodology

By applying published global sea level curves (Haq and Al-Qahtani, 2005;Haq, et al., 1987) to modeled
topography we isolate the topography that is the result of convective processes by comparing the predicted
pattern of inundation with an observed pattern of marine inundation. However, in order to isolate topography
resulting from convective processes we must be able to completely remove any local and regional tectonic
contribution to topography such as the subsidence due to lithospheric stretching or mountain building from
distal or proximal plate boundaries.

We quantify the anomalous vertical motion of the Australian continent in three steps.

Interpreted Inundation: We use the paleo-shoreline from published paleogeographic maps (Langford et
al, 1995). These maps are broken into intervals ranging in length from 3 to 19.6 Myr between 80 Ma and
1.6 M years ago and are constrained by 361 data points, primarily bore holes ( g. 2).

Predicted Topography: We predict the pattern of inundation for each time interval by sequentially remov-
Ing the effect of sediment loading from present day topography (etopo2 N.O.A.A. 2006) and changing
the sea level according to a global sea level curve (Hag and Al-Qahtani, 2005;Haq, et al., 1987). We
calculate the change in surface elevation of a point after the removal of sediment using an isostatic
adjustment h = zs—™ = Including a routine for sediment decompaction (Sclater and Christie, 1980).
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We interpolate between the irregularly spaced wells using a minimum curvature solution over a mesh
covering the entire continent (Smith et al., 1990).

Modeled Topography: The predicted topography (i.e topography after sediment unloading and inunda-
tion by global sea level) is sampled along the interpreted paleo-shoreline. The depth of the sampled
topography along the paleo-shoreline is the displacement required to reconcile the predicted pattern of
iInundation to the interpreted paleo-shoreline. A planar surface is calculated using least squares regres-
sion to minimize the difference between the predicted pattern of inundation and the interpreted position
of the paleo shoreline. We exclude data that extends beyond the continental shelf and data from the
northeastern marginal plateaus which experienced post-rift subsidence before the Oligocene.

Observations

Figure 4: A) Observed inundation from paleogeographic maps (Langford et al., 1995) (shaded green and outlined in red) and the present day 200 m
iIsobath is plotted in black. The percent of continental inundation in each model is shown in the top left corner. The area occupied by the northeastern
marginal plateaus (shaded grey A, B, C) is removed from the calculation of the percent of continental inundation. B) Modeled inundation (with long
wavelength adjustment). C) Modeled inundation with long wavelength dynamic topography and a an additional 250 m deep short wavelength topography
anomaly D) Relative motion of the long wavelength anomalous topography of Australia since 60 Ma. Shorter wavelength anomalous topography is added

to the long wavelength and major plate boundaries were interpreted and reconstructed using the Gplates software.
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Principal Observations

Relative motion since 60 Ma:As the spreading rate between Australia and Antarctica ineceaisd after the initiation
of subduction along the Greater Melanesian Arc ( 43 Ma, F24l02) the northern margin of the Australian continent
was tilted downward by 300 m toward generally toward the NE.

The southern margin experienced long wavelength subsidemce the Oligocene (g. 4) but was punctuated by a
shorter wavelength subsidence. The paleo—position of tligesrwavelength anomalous topography is incident with
the appearance of the closely spaced fracture zones on thke Basit Indian Ridge ( 20 Ma). The anomaly is also
consistent with the descent of the slab beneath the Austrabatinent and the drawing up of this material at the
Australian Antarctic Discordance (Gurnis et al., 1998). Whé#tesorigin of this anomaly? High resolution geodynamic
models may elucidate how the material which forms the AAD hesspd through the mantle since the Paleocene and
how it relates to the anomalous subsidence along the lenghie glduthern margin in the Miocene.

Geodynamic Models

We would like to model the evolving buoyancy of the mantle within the Australian region in order to investigate
the observed subsidence of the Australian continent as it drifted toward the subduction realm in the north and
to account for the short wavelength anomalous subsidence of the southern margin since the Eocene. We use
forward models of mantle convection to model evolving buoyancy as a conseguence of subduction since the
Cretaceous. We use the nite element package CitcomS (Tan et al., 2006) available from the Computational
Infrastructure for Geodynamics (CIG) http :/geodynamics.org and impose plate velocities and plate age
(Mller et al, 2005) ( g 5) as a surface boundary condition to ¢ onvection within the mantle.
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We use a temperature and depth dependent viscosity governed by the rheology law = ge™ 1

Lithosphere 0 — 125 km = 2e“1Pas non-d
Asthenosphere 125 — 410 km| = 1e“YPas non-d
Transition zone 410 — 670 km | = 2e“*Pas non-d
Lower mantle 670 — 2800 km | = 1e“Pas non o
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Figure 5: Left: Global plate age and plate velocities at 0 Ma based on an absolute moving hotspot reference frame (Oneill et al., 2005). Plate velocities were
generated using the gplates software (availiable from http : /gplates.org ) to create the surface velocities). The black box outlines the Australian region and
since this area is close the the south pole, we work in an reference frame rotated at the eqgator (white box). Right: The global temperature initial condition at

depth. We impose slabs as an intial temperature condition at reconstructed convergent plate boundaries.

Since the evolution of the slab is in uenced by whole mantle o w we use nested solver coupling to accurately
and ef ciently solve this multi-scale geophysical problem ( E. Tan, 2004) whereby two CitcomS solvers are
coupled to investigate the interaction of the subducted slab beneath the Australian plate with global mantle ow
at low resolution.

In addition to the imposed initial and boundary conditions, we use compositionally dependent buoyancy within
the embedded model to immitate the behaviour of buoyant continents and prevent the formation of Rayleigh—
Taylor instabilities beneath the cold surface thermal boundary layer (g 7).

Figure 7. Left: Convection model run for three hundred timesteps with imposed surface thermal boundary condtion assimilated from sea oor age. Here the
cold surface boundary condition forms Rayleigh—Taylor instabilities. Center and Right: Instabilities are eliminated by using compositional buoyancy beneath the

continents.

Preliminary Result

As Australia moves east and northward since the Cretaceous the slab passes through the transition zone into
the lower mantle.

Figure 8: Map sections from coupled model showing the evolution of the slab material. By 0 Ma all slab material has passed into the lower mantle where it no

longer has a noticeable affect on surface topography. Further testing of viscosity structure will be constrained by tomography.




