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Athanasius Kircher – (1664) Mundus subterraneus 2



Kola 1970-1989 – profondeur: 12.3 km
Photographié en 2007

Rayon de la terre: 6,371 km
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“Reading the report on this earthquake in NATURE (June 13, p. 162), I was
struck by its coincidence in time with a very singular perturbation registered 

by two delicate horizontal pendulums at the Observatories of Potsdam and Wilhelmshaven.”
VonRebeur Paschwitz, E., Nature, 40, July 25, 1889

VonReubeur Paschwitz
1889
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->Seismic waves propagate at different speeds through
different materials –speed depends on temperature and 
composition

->They reflect and refract on discontinuities of structure 
such as the core-mantle boundary, the earth’s surface, phase 
change related discontinuities in the upper mantle etc…
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P S

Surface waves

Séisme de Loma Prieta (CA) 1989 M 7 observé à KEV, Finlande

SS
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Earth’s free oscillations recorded after the giant
Sumatra earthquake of December 26, 2004, Mw 9.2

Courtesy of G. Roult
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Jeanloz and Lay, Sci. Amer., 1993

PREM model 
Dziewonski and Anderson, 1981
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2015: 100th anniversary of the theory of continental drift,
~2018: 50 th anniversary of acceptance of Plate Tectonics
Theory  
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Seismic tomography
e.g. Medical imagery

-> Non invasive investigation
-> Using sources of waves
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MHC

BDM

Very broad band seismometer installations (e.g. 
global GEOSCOPE network)

VBB seismometer+
Accelerometer
> >200 dB dynamic 
range

Datalogger + time 
Power supply and 
conditioning,
Telemetry equipment,
OTHER

BDM
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(hot) (cold)

Measure travel times of seismic waves through the Earth 15



Whole mantle convection Two layer convection

After Albarède et Van der Hilst, 1999

“Abyssal Layer”“Marble cake mixing” 
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Global maps at specific depths in 
the mantle

Shear wave velocity with respect to
Average at that depth 

Can be interpreted in terms of
temperature variations and 
composition
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hotter

Colder

Horizontal slice at 100 km depth below the earth’s surface
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Colder

hotter

hotter

Colder

Horizontal slide at 600 km depth below the earth’s 
surface
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hotter

colder

Depth:

Depth:

Shear velocity, in % deviation from the global average at each depth
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Depth:
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from global
averge

Large 
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Shear
Velocity
Provinces
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Shear velocity
maps

Degree-2 convection 
proposed by Busse (1983)

Paleo-pole locations (Besse and Courtillot, 2002) 

LLSVPs
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Garnero et al., 2016 23



Points chauds et panaches

Morgan, 1971
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Courtesy of Cinzia FarnetaniTemperature (oC)
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Workman, 2005

“Hotspot” volcanoes

Isotopic composition of
Ttrace elements (Nd-Sr)
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P S

Surface waves

There is more information in seismic records than that provided by travel
times of first arriving or isolated “phases”

SS

50 mn

Until recently, seismic tomography was based
Mostly on travel times of seismic waves that can
Be isolated unambiguously on seismic records

P, PP, S, SS, fundamental mode of surfae waves
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Numerical wavefield computations

Observed

calculated

Spectral element method
and the “cubic sphere”
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Hawaii

Samoa
Superswell

Global mantle tomography based on 
full waveform inversion

“SEMum2” at 100 km depth
French et al., 2013
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Samoa Hawaii Superswell

Isosurface levels:
-1-> -3%%
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50 km

1000 km

300 km
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View from the south…..
View from the top
Starting at 500 km  
depth
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North

Hawaii

Samoa

Depth:
660 km
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North

Hawaii

Samoa

Depth:
1000 km
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North

Hawaii

Samoa

Depth:
1250 km
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North

Hawaii

Samoa

Depth:
1500 km
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North

Hawaii

Samoa

Depth:
1750 km
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North

Hawaii

Samoa

Depth:
2000 km
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North

Depth:
2500 km

Hawaii

Samoa
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North

Hawaii

Samoa

Depth:
2750 km
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Pacific superswell region

Model: SEMUCB_WM1
French and Romanowicz, 2015
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Cape Verde

MacDonald

Canary

St Helena

1000 km
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SEMUCB-WM1 at 2800 km depth

French and Romanowicz, 2015

Other hotspots according to
Steinberger (2000)
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These broad plumes are found under major hotspots that lie over the LLSVPs
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Lin and VanKeken, 2006

Cas 1: Panache
thermique

Panaches Thermochimiques

Cas 3: Panache
thermochimique

blanc = matière
plus dense
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SEMUCB_WM1 
Depth = 2800 km 

Cottaar and Romanowicz, 2012

Hawaii

ULVZ:

Height: ~20-25km

Diameter:~910 km          forward modelling of Sdiff

Velocity reduction:~20%

Hawaian plume viewed from South East
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Stagnant
mantle

Stagnant
mantle

Stagnant
mantle

More vigorous
convection

Partial melt
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The 1-D Reference Earth
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Les années 1980…
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La vision  actuelle
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Le futur?
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Vs perturbation
from the mean at 250 km depth

Absolute velocity

2000 km

French et al., Science 2013

SEMum2
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Tectonique des plaques
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Japon, 2011

New Zealand
2010,2011

Haiti, 2010

Chili, 2010

Sumatra, 2004
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Surface 
wavesSS

P
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Parsons and Sclater, 1977

Flattening of heat flow with age
-> relatively constant in old ocean basins

Sclater and Francheteau, 1970

Bathymetry departs from
square root of age law at
ages > 40 Ma

=> Plate model ~ constant supply of heat
from below (McKenzie, 1967) 57



L’intérieur de la terre vue en ~1910

Manteau Noyau

liquide Densité moyenne de la terre:
r = 5515 kg/m3

Densité des roches en surface:
~ 2600 kg/m3 (granite)

..et en 1970:
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• Dans le manteau supérieur

…… à 100-300 km de profondeur
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0S0 : « balloon » or

« breathing » :

radial only

(20.5 minutes)

0S2 :  « football » mode

(Fundamental, 53.9 

minutes)

0S3 : 

(25.7 

minutes)

Spheroidal normal modes: examples:

Animation 0S2 from Hein Haak
http://www.knmi.nl/kenniscentrum/eigentrillingen-sumatra.html

Animation 0S0/3 from Lucien Saviot
http://www.u-bourgogne.fr/REACTIVITE/manapi/saviot/deform/

0S29 from:
http://wwwsoc.nii.ac.jp/geod-soc/web-text/part3/nawa/nawa-
1_files/Fig1.jpg

0S29 : 

(4.5 minutes)

... ...

Rem: 0S1= translation

...
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±1.5%
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±1.2%

eastern Java
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Courtesy of Cinzia FarnetaniTemperature (oC)
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French and
Romanowicz,
2014

Fukao and
Obayashi,
2013
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