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Oceanic Islands, Mantle Plumes and
Mantle End-Members
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Oceanic Islands, Mantle Plumes and
Mantle End-Members

Isotopic ratios are time-integrated signatures
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Albaréde & Van der Hilst 2002

Subducting
Slabs &
Recycling

— Down-going subducted
oceanic lithosphere can be
traced by seismic
tomography using P- and S-
wave variations.

— Subducted material:
peridotites, harzburgites,
gabbros, tholeiitic and alkali
basalts, terrigenous and
pelagic sediments, and
lower crustal metamorphic
rocks.



Albaréde & Van der Hilst 2002

Recycled Material Mass Balance

Sediment - 0.3-0.7 km3/year subducts

In 3 Ga that's equal to subducting 1/3 of the modern continents

Oceanic Crust - 20 km3/year subducts

Slabs &
Recycling

— Down-going subducted
oceanic lithosphere can be
traced by seismic
tomography using P- and S-
wave variations.

— Subducted material:
peridotites, harzburgites,
gabbros, tholeiitic and alkali
basalts, terrigenous and
pelagic sediments, and
lower crustal metamorphic
rocks.

In 3 Ga that's equal to ~60 billion km3, which is 5% of the mantle's mass
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Albaréde & Van der Hilst 2002

Recycled Material Mass Balance

Sediment - 0.3-0.7 km3/year subducts
In 3 Ga that's equal to subducting 1/3 of the modern continents

Oceanic Crust - 20 km3/year subducts

In 3 Ga that's equal to ~60 billion km3, which is 5% of the mantle's mass—

s Subducting

Slabs &
Recycling

— Down-going subducted
oceanic lithosphere can be
traced by seismic
tomography using P- and S-
wave variations.

— Subducted material:
peridotites, harzburgites,
gabbros, tholeiitic and alkali
basalts, terrigenous and
pelagic sediments, and

| lower crustal metamorphic

rocks.

How could the
_mantle not be
heterogeneous?




Dynamic model of the
compositional heterogeneity
of the mantle after 4.65 Ga
of mixing

— Variable mixing of
recycled and primordial
materials

— Most of the mantle is
depleted in composition, i.e.
has been partially melted
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High-Precision Pb Data: Hawal’i

208Pb/204Pb
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High-Precision Pb Data: Hawal’i
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High-Precision Pb Data: Hawal’i
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Hawaillan Shield Lavas
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Hawalian

Shield Lavas
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Seismic tomography shows deep mantle
heterogeneity

\

Aljlglectil

S\(P \

— Shear wave seismic tomographic model of the mantle at 2800 km depth

— 2 large, low shear wave velocity provinces (named the LLSVPS), underneath the
Pacific Ocean and the African plate

— Anomalies caused by elevated density, i.e. compositional changes

French & Romanowicz 2015



Seismic tomography shows deep mantle
heterogeneity
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— Shear wave seismic tomographic model of the mantle at 2800 km depth

— 2 large, low shear wave velocity provinces (hamed the LLSVPs), underneath the
Pacific Ocean and the African plate

— Anomalies caused by elevated density, i.e. compositional changes

French & Romanowicz 2015
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Evidence In Other Mantle Plumes In the Pacific
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Evidence In Other Mantle Plumes In

143Nd/144Nd

the Pacific
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OIB
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OIB Source Components Lowermost-mantle V_ perturbations
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How to Move Forward?

Need to Break some Boundaries ...



How to Move Forward?
Need to Break some Boundaries ...

People who
like Camping

Geophysicists

Lab Rats Thermal barrier Cog;gﬂ:er

Experiments at 1 atm, 298 K



Hawal'l

Kilauea Crater, April 2008



Kilauea 18

Volume flux (m®/s)
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High-Precision Pb Data: Hawal’i
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High-Precision Pb Data: Hawal’i
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High-Precision Pb Data: Hawal’i

208Pb/204pb
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High-Precision Pb Data: Hawal’i

208Pb/204Pb
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High-Precision Pb Data: a Different Look
208Ph/204Pp
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High-Precision Pb Data: a Different Look
208Ph/204Pp
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High-Precision Pb Data: a Different Look
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High-Precision Pb Data: a Different Look
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High-Precision Pb Data: a Different Look
208Ph/204Pp
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a Different Look

Only shield lavas
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Geographical Distribution of Hawal't Geochemical
Components -+

Hawaiian Islands
Multibeam Bathymetry
Data Synthesis
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Geographical Distribution of Hawal't Geochemical
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P =90° Numerical Simulation of the Hawaiian Plume
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Updated Model:

A Fine Structure of the Hawaiilan Mantle Plume
with a compositional gradient away from the Pacific ULVZ that provides the enriched

components in the Loa Trend volcanoes
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Updated Model:

A Fine Structure of the Hawaiilan Mantle Plume
with a compositional gradient away from the Pacific ULVZ that provides the enriched

components in the Loa Trend volcanoes
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Conceptual Cross Section:
Mapping the Hawaiian Geochemical Components at the Base
of the Mantle
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Hawal'l,

so far

Loa Is the dominant mantle source composition on

the Archi

Four geoc

pelago.

nemical groups are identified on the

Islands, and the HMP is zoned along a cogmpositional
gradlent perpendlcular to the edge e LLSVP.

What about. the rest of the Hawaillan Ridge and
Emperor Seamounts 80 mar of plume activity?

: Mauna Kea post-shield cones




Hawalian Ridge - Emperor Seamounts:




Northwestern Hawaiian Ridge Movie

John Smith, SOEST




Northwestern Hawaiian Ridge Movie

John Smith, SOEST




Northwestern Hawaiian Ridge Movie

John Smith, SOEST




Very limited isotopic
data were available for
the entire Hawalian
Ridge up to now
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Northwestern Hawaiian Ridge
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Papahanaumokuakea Marine National Monument
UNESCO World Heritage Site
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Papahanaumokuakea Marine National Monument
UNESCO World Heritage Site
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Pb Isotope Systematics
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NWHR: Pb Isotope Variations with Plume Magmatic Flux
and Distance from Kilauea

Islands Emperor Seamounts
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NWHR: Pb Isotope Variations with Plume Magmatic Flux
and Distance from Kilauea
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NWHR: Pb Isotope Variations with Plume Magmatic Flux
and Distance from Kilauea
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NWHR: Pb Isotope Variations with Plume Magmatic Flux
and Distance from Kilauea

Islands Emperor Seamounts
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NWHR: Pb Isotope Variations with Plume Magmatic Flux
and Distance from Kilauea

Islands Emperor Seamounts
. . ¢ |

Northwest Hawaiian Ridge 0.975 ;
- g Enriched
2 0.965¢ Da
7] Loa
E £ 0.955{ ‘ _
e 2 1
E ; 0.945
. g
o 0.935
= . .
% 0.925¢
- 0.915 _-
® Y0 2 4 6 8 10
= Estimated Vol. Flux (m¥sec)
:g 1 0.90
/)
o +0.89

w 1 ose
% 10 20 30 40 50 60 70
Age (Ma)

¢ Yuryaku “Pioneer @Keoea AMeiji  “Koko oKea Trend — —Radiogenic Pb

SUhnst. e Slwtwe SOMGLAWGNG | soaTd  (eeWNeLI

S etk Doy St ol | g eneates Van Ark & Lin, 2004 Harrison et al

EPSL in press



Sampling lower mantle

2.5 Ma
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Figure modified from Farnetani et al., 2012

heterogeneity accounts
for Loa trend arrival



Sampling lower mantle heterogeneity accounts
for Loa trend arrival

2.5 Ma
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Sampling lower mantle heterogeneity accounts
for Loa trend arrival

2.5 Ma
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Evolution of the Hawailan Plume Source at the CMB
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Evolution of the Hawailan Plume Source at the CMB
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Evolution of the Hawailan Plume Source at the CMB
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Four geochemical groups are |dentjf|ed 1N Hawail
" "B ;-
The HMP Is zoned along a composmonal gradlent
perpendicular to theu edge of the LLSVP.
A - \
Loa compositions: sample the PaC|f|c LLSVP hence the
EM—I S|gnature (ULVZ) and larger heterogenelty
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