Tasman Sea Volcanism:
3 Parallel Hotspot Tracks

 (Continental chain well

dated and age-progressive

* Commonly discussed as
plume-related
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However, also two clear
chains offshore

* Much less studied

* Some 1980s K-Ar ages
show matching age
progression

* Two recent UK-Aus

voyages
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Tasmantid Chain Results

« Tasmantids chain is beautifully
age-progressive

« Starts at Louisiade Plateau:
possible LIP?

» Target of 2019 voyage

All 3 chains have
indistinguishable time-distance
relationship

mmm) Probably not coincidence
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Possible Mechanisms

Three closely spaced plumes?

* Too close together — they’d merge
in the lower mantle

An upwelling sheet?

* Not stable on 30 Ma timescale

Area has long history of
subduction and slabs imaged in
transition zone

* Could pond under slab and then

split as finds different ways to get
past

LAB topography in the area is
unusually complex — repeated
bands of thick and thin
lithosphere

+ Edge-driven eddies could split the
rising plume material?
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(1) Slab on or near 3
the 660 km
transition zone

(2) Plume ponds /

beneath (3) Plume splits
slab and 660 km around edges or
transition zone gapsin slab

Australia Lord Howe Rise
(continental crust) Ocean (thinned continental crust)

: Dampier Middleton

oL

Small-scale convection
from LAB boundary

Not to scale
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Plume formation
at pile margins

Heyn et al. (2020), JGR

Bjorn Heyn, Clinton Conrad, Reidar Trgnnes b.h.heyn@geo.uio.no Sep. 14-16, 2020



CMB deformation related to viscosity
contrasts and plume formation

Heyn et al. (2020), EPSL
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Towards a robust characterisation of mantle flow
using the SOLA method
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Seismic tomography — solution of an inverse problem

Forward problem

~
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Inverse problem

A robust physical interpretation requires
unbiased amplitudes and uncertainties!

SOLA (Subtractive Optimally Localised Averages) method

Non-unique solution Averaging

DLS

Ad hoc regularisation

Data coverage Influenced Little influenced

Constrained to be unbiased

Efficient

Amplitudes Potentially biased

Uncertainties Expensive
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Figure 1: Toy problem to illustrate the local bias effect

Method applied to observations of
normal modes:

global data coverage and
sensitive to V, and V_anisotropy

Figure 2: Amplitude spectrum from the
2004 Sumatra earthquake

Focus on
seismic anisotropy
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More direct information on
mantle flow
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4 Reconstructing western
o8l North America using
lower mantle slabs

Edward Clennett

The University of Texas at Austin

Email: edward.clennett@utexas.edu
Twitter: @EClennett

Co-authors: Karin Sigloch, Mitch Mihalynuk, Maria
Seton, Martha Henderson, Kasra Hosselini,
Afsaneh Mohammadzaheri, Stephen Johnston,
Dietmar Muller




Previous
Reconstructions

Engebretson et al., 1985,
GSA Special Paper

Izanagi

Farallon

Pacific

Shephard et al., 2013,
Earth Science Reviews

Tomotectonic Analysis

Sigloch & Mihalynuk, 2017, GSA Bulletin;
Clennett et al., 2020, G-Cubed
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Reconstruction at 140 Ma

Insular

Terrane groups

I Angayucham arcs

I Intermontane superterrane
Insular superterrane

I Western Jurassic belt
Guerrero superterrane

I North American terranes

I Farallon terranes

Tomographic Features
ANG — Angayucham slab
MEZ — Mezcalera slab

CR — Cascadia Root

ALI — Alisitos slab

SF — Southern Farallon slabs

Velocities Depth & Age
— 0 km 0 Ma
10cm/yr
670 km——
1000 km-  -~100 Ma

2000 kml~1 90 Ma

2800 km 570 Ma

Clennett et al., 2020, G-Cubed
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Clennett et al., 2020, G-Cubed

Detailed, quantitative plate model that more accurately
reconciles geophysical and geological evidence.
Tomotectonic method can be used to further constrain
palaeogeographic reconstructions in other regions.



Preliminary petrographic study of ultramafic xenoliths from
Fresnillo, Zacatecas (Mesa Central, México)
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FR: Fresnillo (C. El Xoconostle)
LT: Cerro Peldn - Las Tunas

CP: Central Plateau
TMVB: Trans-Mexican Volcanic Belt

EMR: Eastern Mother Range
WMR: Western Mother Range
SMR: Southern Mother Range

NBR: Northern Basins and Ranges
GCP: Golf Coast Plain
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In Mexico, mafic alkali rock with xenoliths crop out in many isolated areas located along the northwestern
margin of the Mesa Central (Central Mexico). The study areas are: 1) Cerro El Xoconostle volcano, near the city
of Fresnillo (Zacatecas) and 2) Cerro Peldn-Cerro Las Tunas Complex in the Durango Volcanic Field.



Characterize the possible metasomatic
processes that have modified the
Subcontinental Lithospheric Mantle
located below the Central Plateau (Mesa
Central), based on the petrology and
mineral chemistry of ultramafic xenoliths
collected at  this location. These
metasomatic processes can be registered
in the chemical composition of silicates, as
well as, oxides and sulfides in the
lherzolites.

ldentify the possible presence of sulphides
with significant concentrations of noble
metals in the ultramafic xenoliths. This might %
help to establish the concentration =)
mechanisms of these metals and their [@
possible relationship with the formation of
mineral deposits in Central Mexico.




Log,o (Cumulative Plate Count)

Earth’s plates sizes are hierarchically organized

Gabriele Morra, Department of Physics and School of Geosciences. University of Louisiana at Lafayette, USA
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Efficient cooling of rocky planets by intrusive magmatism
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Efficient cooling of rocky planets by intrusive
magmatism
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RESEARCH ARTICLE  Plutonic-Squishy Lid: A New Global Tectonic Regime
WOAE/ITER0RTE Generated by Intrusive Magmatism on Earth-Like
Key Points: Planets

« High intrusion efficienciesleadto a
new global tectonic regime, named
plutonic-squishy lid

« The new regime is characterized by . i ) . . . I, . N .
significant surface velocities, a thin Institute of Geophysics, Department of Earth Sciences, ETH Zurich, Zurich, Switzerland,  Department of Earth and

Diogo L. Lourengo'3' "', Antoine B. Rozel' "', Maxim D. Ballmer!# ", and Paul J. Tackley'

lithosphere, and small plates Planetary Sciences, University of California, Davis, CA, USA, *Department of Earth and Planetary Science, University
+ Thenew regime has the potential to of California Berkeley, Berkeley, CA, USA, 4 Department of Earth Sciences, University College London, London, UK

be applicable to the Archean Earth

and Venus

https://en.wikipedia.org/wiki/Terrestrial_planet
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High intrusion rates High extrusion rates
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Deep mantle composition and early Earth surface mobility

Keely O'Farrell*(Univ. of Kentucky), Ei%‘fgggﬁ&tﬁ‘gk Sean Trim (Univ. of Saskatchewan), & k& ISJNIVERSITY OF
Email: k.ofarrell@uky.edu M sam Butler (Univ. of Saskatchewan) @& SASKATCHEWAN

Early Earth mantle much hotter
Possibility of basal magma ocean

Primordial layer may contain a high
concentration of radiogenic element, patches
of low viscosity melt or metals

From Labrosse et al. (2007)

Primordial layer has one of the following: Stagnant Lid BMO or Continent
Increased 1nt.ernal. heating (H=20) 15% Area
Decreased viscosity (AN~10)
Increased conductivity (k=2)

Primordial composition affects the onset time of
surface mobility in the early Earth

400 km thick 150 km thick

Surface mobility increases in the presence a
primordial layer or continent




Surface Strain-Rate Invariant

Newtonian
Rheology

K. O’Farrell (k.ofarrell@uky.edu),
S. Trim, & S. Butler
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2nd invariant of the strain-rate tensor is an indicator of the
potential for surface yielding

The presence of a primordial layer increases the likelihood
of surface yielding
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Mobility

Non-Newtonian
rheology
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* 1 layer conductivity or | viscosity promotes basal coverage
e Strong downwellings from the overturn of the initial stagnant lid hinder
basal coverage

* Episodic-lid convection
* Compositional features increase peak lithosphere mobility
* Onset time of lithosphere mobility affected by primordial composition

CONCLUSIONS

Primordial composition affects the onset time of surface mobility in
the early Earth

Surface mobility increases with a primordial layer or continent
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