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world volcanic and seismic map

all volcanism on Earth occurs on plate boundaries
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intraplate volcanism as probes of the mantle
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the ,classical®™ mantle plume concept
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Ribe & Christensen (1994)
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the ,classical®™ mantle plume concept

A AN AAAAA AAA plume-pancake
plate motion - thin
i - axisymmetric
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:hfrﬂnfjl plume | ‘I\ 3 hotspot - steady-state

Ribe & Christensen (1994)

plume-pancake pushes up the
lithosphere - hotspot swell
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& . #Harris and McNutt (2007)

- Vigorous volcanism
+ - long-lived hotspot (>84 Myrs)
. - linear age-distance relationship
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volcanic record vs. classical theory
(b) Crustal Thickness Along AXIS (km)

Hawaiian|R

80 70 60 50 40 30 20 10 0
van Ark and Lin (2004) Ma




INTRODUCTION PART 2 INTRODUCTION PART 2 INTROD

Bianco et al. (2005)
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geochemical asymmetry vs. classical theory

Abouchami et al. (2005)
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geochemical asymmetry vs. classical theory
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Enigmatic observations at Hawaii

1) seismic constraints from PLUME
- thick low-velocity body
- overall asymmetry
2) volcanic flux variations
3) widespread secondary volcanism
4) geochemical asymmetry




Enigmatic observations at Hawaii

(b) Crustal Thickness Along Axis (km
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(¢) Volumetric Crustal Flux Along Axis 1) seismic constraints from PLUME
; - thick low-velocity body
- overall asymmetry

2) volcanic flux variations
3) widespread secondary volcanism
4) geochemical asymmetry




1) seismic constraints from PLUME
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- overall asymmetry

2) volcanic flux variations

3) widespread secondary volcanism




Enigmatic observations at Hawaii
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1) seismic constraints from PLUME
- thick low-velocity body
- overall asymmetry
2) volcanic flux variations
3) widespread secondary volcanism
4) geochemical asymmetry
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1) seismic constraints from PLUME
- thick low-velocity body
- overall asymmetry
2) volcanic flux variations
3) widespread secondary volcanism
4) geochemical asymmetry
5) asymmetry in swell geometry
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plumes may be thermochemical plumes
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Kumagai et al. (2008)

mafic lithologies
such as eclogite
are intrinsically
dense =
= fat, complex plumes .50 4000 5000

Farnetani and Samuel (2005)



evidence for mafic heterogeneity

iIn Hawaiian lavas
Herzberg (2011)

- Sobolev et al. (2005)
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mafic heterogeneity in mantle upwellings

Hawaii

peridotite melts

pyroxenite melts

eclogite melts

peridotite + eclogite

15-20%-eclogite in plume stem

Sobolev et al. (2005, 2007)




mafic heterogeneity in mantle upwellings
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eclogitic plumes in the upper mantle
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eclogitic plumes in the upper mantle
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geochemical non-symmetry
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non-symmetry of shallow structures

[ . 100k ¥ VOkm 100 k = — = '
Abouchami et al. (2005) P L= o . - = - - N dV%;e 100 km o

Kea y ~ ﬁ -]
(=] o \.0 -2.7 -1.3 0.0 1.3 2.7 40 .
T T ——

\O\O Kauai
Nibau T s, Oshu Mz
_ Molokai
wa.anaeuo&a" East My:cf
West Molokai ’West Maui
Maui
Haleakala
g
eo‘?‘ﬁp“\ Kahoolawe Kea
Kohala
G Loa

Mauna Kea

Hawaii
Kilauea

Kea

(less PX than Loa ?)

16 18 20

MgO (wt.-%



volcanic flux (m3/s)

volcanic flux variations
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S-wave mantle velocity constraints
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S-wave mantle velocity constraints
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S-wave mantle velocity constraints

-10 -08 -05 -02 00 02 05

-10 08 -05 -02 00 02 05

depth =200 km S-wave % velocity anomaly depth =200 km S-wave % velocity anomaly
o g
O
o & N L h 8
5 0 o R
g CENSORED -
<2 = R E
© 8
|
00 = E
o ©
< T
164 162 160 158 156 154 152 150 148 146 L Logé?tude‘f,‘\‘,est 152 1500 18
Longitude West |

synthetic based on
simplistic thermal plume

synthetic based on U data-based inversion
thermochemical plume

o

Ee *




Bianco et al. (2005)

"‘\’ Wl

. - N A R A\ ’:
)iy "' Nurth Arch B
{4 Volca vie Field = o

S.uth Arch
> Volcanic Field

SES

—_
N

11600°C




Blanco et al. (2005)

L. s
SASA BQ\*"‘E"

y:\ \bfth ‘\lch 'IKSQ
\ olc“ vie Field (= o

\ *‘L'——'————
. \_\
3

%0 South Arch
A 47{., o> V olcanlc F lcld

11600°C
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The End
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