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Tectonic
Setting
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Aim

» To provide a detailed image of the upper mantle of the full
Australian Plate and its boundaries,

» To gain better insight in the structure and evolution of the full
Australian Plate.




Methods: dataset

Hemisphere model
generated using a dataset
of almost 1 million
waveforms

» 246 thousand teleseismic
events,

» 9 thousand broadband
stations (eg NSN, ANU,
SKIPPY, MOANA).
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Methods: dataset

Hitcount map

= Highly uneven coverage of the
plafe.

= Should be taken info account
when tuning and interpreting
the model.
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Methods: Inversion Procedure

= 1. Automated Multimode waveform Inversion (AMI):

= fits surface, S- and multiple S-waves in the waveforms to computed synthetic waveforms.

= Generates a set of independent linear equations that describe the 1D average

perturbations in the P- and S- wave velocities within the sensitivity volume between the
source and receiver.

= Perturbations relative to a 3D reference model (3D crust and 1D mantle velocity profile).

2. 3D Tomographic inversion:

= Combines all the AMI equations into one large linear system,

= Solves it for the 3D distributions of P- and S-wave velocities and the S-wave azimuthal
anisotropy with SLQR.

= Regularization is applied by lateral and vertical smoothing and gradient damping, tuned
per depth knot (18 for S and 10 for P-waves).

= 3. Outlier analysis:

= Selects the most mutually consistent data by automatically and manually removing
outliers in the obtained tomographic model.

= Rerun step 2 with reduced dataset. (Final dataset = 650 thousand waveforms).




Methods: Note

= Although the tfomographic inversion in performed globally, the
obtained model is regional as:

= Only the waveforms that cross the hemisphere centered around the
Australian continent are included,

» Regularization is optimized for the Australian Plate,

= Qutlier analysis is focused on the Australian Plate.

= Faulty stations/events outside the area might not be detected.
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Validation
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Validation: 2. Interstation method

= |ndependent method to define the phase velocity curve
across an array of stations.

» Used to verify the tomography result in certain areas.

» | e. around station FITZ:

AUS22
Including FITZ Excluding FITZ
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Validation: 2. Interstation method
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Comparison: Regional models
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The Australian Lithosphere
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The Australian Lithosphere
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» Cratonic lithosphere
terminates at N boundary
Australian Plate.
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The Australian Lithosphere: Overlays
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The Zealandian Lithosphere
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» Western Zealandia distinguishes from surrounding oceanic lithosphere.

= Underlain by low velocity anomaly down to the transition zone.



Hotspofts
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= Tasmanid & Lord Howe originate from single plume head in fransition zone, waned
at the surface, possibly also feeds the East Australia hotspof.

= Curves around northern tip Tonga slab with depth, vanishes in transition zone.



Conclusions

Aus22. New regional upper mantle model of the full Australian Plate and its
boundaries using massive datasets.

Detailed lithospheric structure of the Australian and Zealandian lithosphere
resolved, including the full extend of the cratonic lithosphere.

Transition in northern boundary from oceanic to confinental subduction at the
Java trench to slab delamination and underthrusting below New Guinea.

Ancient slab remnants visible in the fransition zone below NE Australia, best
correlated with the northward subduction 40-26 Ma — contfinental remnants?e

Lord Howe and Tasmanid hotspot source from single plume source, possibly also
sourcing the East Australian hotspot, waned at the surface.

Samoa plume curves around the Tonga slab and vanishes in fransition zone.
Another plume further southe




Thank youl!

Any gquestions?
Contact me;

delaat@cp.dias.ie

DIAS

Institidid Ard-Léinn | Dublin Institute for
Bhaile Atha Cliath | Advance d Studies




Awknowledgements

Many thanks to:

= The data creators, including the permanent stations of:

The Australian National Seismic Network (ANSN, Geoscience Australia),
The Australian Seismometers in Schools (AuSIS, ANU),
The New Zealand National Seismograph Network (NZ, GNS Science).

New Caledondia Broadband Seismic Network (SismoCal, Centre IRD
deNoumeaq).

= And temporary networks including:

BASS, BIBLY, CAPRA, KIMBA, SKIPPY, SOC, WACRATON (Australia),
MOANA and STREWN (Zealandia),
L-SCAN_Active (Fiji), TODA (Tonga), Woodlark (Solomon Seq).

» The data creators and distributors:

BGR, ETH, GFZ, INGV, IPGP, IRIS, LMU, NIEP, ORFEUS, RESIF and USP.

= The FDSN Webservice, Obspy and the Global CMT Catalogue.



References

= M. L Amaru. Global fravel time tomography with 3-D reference models, volume 274. Utrecht University, 2007.

= R. S. Blewett, B.L.N. Kennett, and D.L. Huston. Australia in time and space. Shaping a nation: A geology of Australia, pages 47-117, 2012.

= E. Debayle, F. Dubuffet, and S. Durand. An automatically updated s-wave model of the upper mantle and the depth extent of
azimuthal anisotropy. Geophysical Research Letters, 43(2):674-682, 2016.

= A Fichiner, B.L.N. Kennett, H. Igel, and H.-P. Bunge. Full waveform tomography for radially anisotropic structure: new insights into
present and past states of the australasian upper mantle. Earth and Planetary Science Letters, 290(3-4):270-280, 2010.

= S, Fishwick and N. Rawlinson. 3-d structure of the australian lithosphere from evolving seismic datasets. Australian Journal of Earth
Sciences, 59(6):809-826, 2012.

= S.W. French and B.A. Romanowicz. Whole-mantle radially anisotropic shear velocity structure from spectral-element waveform

tomography. Geophysical Journal International, 199(3):1303-1327, 2014.

C.W. Harris, Meghan S Miller, Pepen Supendi, and Sri Widiyantoro. Subducted lithospheric boundary tomographically imaged beneath

-contfinent collision in eastern indonesia. Journal of Geophysical Research: Solid Earth, 125(8):e2019JB018854, 2020.

.J Holm, C. Spandler, and S.W. Richards. Continental collision, orogenesis and arc magmatism of the miocene maramuni arc, papua

new guinea. Gondwana Research, 28(3):1117-1136, 2015.

B.L.N. Kennett, A. Fichtner, S. Fishwick, and K. Yoshizawa. Australian seismological reference model (ausrem): mantle component.

Geophysical Journal International, 192(2):871-887, 2013.

C. Li, R.D. van der Hilst, E.R. Engdahl, and S. Burdick. A new global model for p wave speed variations in earth’s mantle. Geochemistry,

Geophysics, Geosystems, 9(5), 2008.

R. Montelli, G. Nolet, F.A. Dahlen, and G. Masters. A catalogue of deep mantle plumes: New results from finite-frequency tomography.

Geochemistry, Geophysics, Geosystems, 7(11), 2006.

S.-H. Park, C.H. Langmuir, K. W.W. Sims, J. Blichert-Toft, S.-S. Kim, S.R. Scott, J. Lin, H. Choi, Y.-S. Yang, and P.J. Michael. An isotopically

distinct zealandia—antarctic mantle domain in the southern ocean. Nature Geoscience, 12(3):206-214, 2019.

J. Ritsema, A.A. Deuss, H.J. Van Heijst, and J.H. Woodhouse. S40rts: a degree-40 shear-velocity model for the mantle from new rayleigh

wave dispersion, teleseismic traveltime and normal-mode splitting function measurements. Geophysical Journal International,

184(3):1223-1236, 2011.

A.J. Schaeffer and S. Lebedev. Global shear speed structure of the upper mantle and transition zone. Geophysical Journal

International, 194(1):417-449, 2013.

N.A. Simmons, S.C. Myers, G. Johannesson, and E. Matzel. Linl-g3dv3: Global p wave tomography model for improved regional and

teleseismic travel time prediction. Journal of Geophysical Research: Solid Earth, 117(B10), 2012.




