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CRYSTAL2PLATE% is% an% EC% FP77funded% Marie% Curie% Initial% Training% Network% coordinated% by% Dr.$ Andréa$
Tommasi% from% Géosciences% Montpellier,% Université% Montpellier% 2,% France.% % It% is% a% coherent% training% and%
career% development% platform% for% early% stage% and% experienced% scientists% in% Geodynamics,% Geochemistry,%
Petrology,%Fluid%Mechanics%and%Seismology.%Crystal2Plate%brings%together%7%European%academic%institutions:%
the%universities%of%Montpellier%2% (F),%Bristol% (UK),%Utrecht% (NL),%and%Roma%TRE% (I),% the%ETH%Zurich% (CH),% the%
CNRS%(F)%and%the%CISC%(E)%and%4%associated%industrial%partners:%Rockfield,%Oxford%Instruments,%Schlumberger%
&%Total.%%

CRYSTAL2PLATE%objectives%are%to%provide%10%early7stage%researchers,%which%are%all%engaged%in%PhD%programs%
in% the%partner% institutions,% and%2% junior% post7doctoral% fellows% an%experience7based% training% through% cross7
disciplinary% research% projects% that% combine% case% studies% in% target% areas% with% new% developments% in%
seismology,% geochemistry,% laboratory% and% numerical%modelling% of% the%mantle% from% the%mm% to% the% global%
scale.% These%multidisciplinary% projects% aim% to% answer% a% key% question% in% Earth% Sciences:% "How$ does$ plate$
tectonics$work?”.%A%key%point% in% these% studies% is% the% investigation%of% the% role%of% crystal7scale%physical%and%
chemical%processes%on%the%development%of%self7consistent%plates%tectonics%in%response%to%mantle%convection.%

CRYSTAL2PLATE% officially% started% on% 1% April,% 2009,% but% already% in% March% 2009,% effective% web7based%
presentation%of%the%network%and%publicity%of%the%training%positions%were%launched.%%The%kick7off%meeting%was%
organized% in%May%2009% in%Montpellier% (F).%By%October%2009,%a%successful% international% recruitment%process%
resulted% in%hiring%of% 9%highly%qualified% ESRs% and%1% ER.% The%2% remaining%positions%were% filled% in%March% and%
September%2010.%The%gender%balance%of%58%%female%is%above%the%target%of%50%%female%researchers.%9%fellows%
held%European%nationalities%(British,%French,%German,%and%Italian),%1%comes%from%Russia,%1%from%Australia%and%
1% from% China.% Declarations% on% the% Conformity% were% submitted% to% the% EC% for% all% 12% appointed% fellows,% a%
Consortium%Agreement%signed,%and%the%1st%prefinancement%fully%distributed%among%the%partners.%%

In% October% 2009,% the% 1st$ CRYSTAL2PLATE$ workshop,% reuniting% all% network% members% and% 20% external%
participants,%and%the%2nd%Supervisory%Board%meeting%took%place%in%Montpellier,%France.%It%was%followed%by%a%
field%trip%to%the%Lherz%peridotite%massif%in%the%Pyrenees.%%

In% 2010,% 3% short% courses% (Processing$ Seismic$ data$ using$ SAC,% Textures$ and$ Anisotropy,% and%
Thermodynamics$ numerical$ modelling$ using$ PERPLEX)% and% a% summer% school% (Thermal$ Convection$ in$
complex$ fluids)%were%offered.%These%courses%were% followed%by%all%CRYSTAL2PLATE% fellows%and%78%external%
participants.% Assessment% by% the% Supervisory% board% in% Orsay,% France% in% September% 2010% showed% that% all%
fellows%had%made%satisfactory%progress%in%their%research%and%personal%&%career%training.%

The%mid7term% review%meeting% took%place% in%Estepona,% Spain% in% January%2011:%CRYSTAL2PLATE% received%an%
excellent% review.% % It% was% followed% by% 2nd$ CRYSTAL2PLATE$ workshop,% with% discussion% sections% largely%
organized%by%the%fellows,%and%by%a%field%trip%to%the%Ronda%peridotite,%Spain.%Assessment%of%the%fulfilment%of%
the%fellows’%Personal%Career%Development%plans%and%satisfaction% level% in%April7May%2011%further%evidenced%
the% good% functioning% of% CRYSTAL2PLATE.% The% 1st% Periodic% report% was% filed% to% the% EC% in% May% 2011.% Its%
acceptation%prompted%a%second%pre7financing,%which%was%entirely%redistributed%among%the%partners.%

The% 3rd% annual% CRYSTAL2PLATE% workshop% “Career$ Prospectives$ for$ Earth$ Sciences$ PhDs$ in$ Industry$ and$
Academia”%was%organized%in%Bristol,%UK%in%January%2012.%It%offered%CRYSTAL2PLATE%fellows%and%15%external%
participants%a%forum%for%meeting%and%discussing%with%representatives%of%the%industrial%partners%and%academic%
researchers%at%various%stages%of%their%careers.%%

The% 4th% annual% CRYSTAL2PLATE% workshop% “Plate$ Tectonics$ on$ a$ Convective$ Mantle:$ From$ CrystalRScale$
Processes$to$Global$Data$and$Models”%took%place%in%Fréjus,%F%in%January%2013.%It%aimed%at%giving%a%full%picture%
of% the% research% performed% in% the% frame% of% the% CRYSTAL2PLATE% network,% offering% the% opportunity% for%
CRYSTAL2PLATE%fellows%to%confront%and%discuss%their%results%with%leading%scientists%from%institutions%external%
to%the%network%working%on%similar%questions.%26%external%early7stage%researchers%attended%this%event.%%
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CRYSTAL2PLATE% research% projects% lead% to% date% to% 6% PhD% degrees% and% 4%
other% defences% are% programmed% before% Fall% 2013.% Notable% successes%
obtained%by%the%10%ESRs%and%2ERs%include:%

7 Follow7up%of%the%evolution%of%the%dynamic%topography%with%time%in%
lithospheric% delamination% and% subduction% experiments,% allowing%
discriminating% the% isostasy,% flexure,% and% dynamic% topography%
contributions.%%

7 Implementation%of% continental% plates% in% a% 3D% spherical% convection%
code% allowing% for% plate% tectonics% at% yield% stresses% closer% to%
laboratory7derived% values.$ Successful% modelling% of% supercontinent%
assembly% and% dispersion% highlights% the% control% of% the% continents%
distribution% on% the% mantle% potential% temperature,% surface% heat%
flow,%convective%wavelength,%and%on%the%relation%between%area%and%
age%of%oceanic%plates.%$

7 Microstructural% and% petrological% evidence% for% strong% feedbacks%
between% melts% and% deformation% in% the% mantle,% leading% to% melt%
segregation% parallel% to% the% shear% plane% and% to% a% change% in% olivine%
deformation%processes%producing%a%dispersion%of% [100]%axes% in% the%
shear%plane.%Deformation% in%presence%of%melt% thus%creates%distinct%
seismic%and%mechanical%anisotropies%in%the%upper%mantle.%$

7 Petrostructural%data%in%the%Beni%Bousera%peridotite%massif%highlights%
the% role% of% transtensional% ductile% shear% zones% in% thinning% the%
subcontinental% mantle% lithosphere.% It% also% showed% that% fast% uplift%
rates%and%the%progressive%migration%of%the%deformation%towards%the%
hotter%(and%initially%deeper)%footwall%allow%for%preservation%of%steep%
gradients% in% deformation% conditions% and% temperature% across% a%
continuously%evolving%shear%zone.$

7 Parametric% study% of% shear% heating7induced% and% grain7size%
dependent% strain% localisation% shows% that% thermal% weakening% may%
create% localized% shear% zones% that% cross7cut% the% entire% lithosphere%
and%evolve%into%either%a%subduction%or%a%drip7off%instability.$

7 Implementation%of%porous% flow%of% fluids% in% a% viscoplastic%matrix% in%
the%2D% I2VIS%numerical% code% shows% that% fluid%percolation% localizes%
along% spontaneously% forming% faults% where% high% fluid% pressure%
compensates% lithostatic% pressure,% dramatically% decreasing% friction%
and% leading% to% subduction% initiation.% Paradoxical% at% first,% low%
permeability% favors% subduction% initiation% by%maintaining% high% fluid%
pressure%and%decreasing%friction%along%active%faults.$

$

 

 
 

 
 

 
 

 
 

at the top boundary and shear-stress free at the side and the
bottom boundaries, that additionally have imposed normal velo-
city conditions in such a way that the whole domain is com-
pressed (and thickened) with an overall constant background
strain rate _eBG (denoted by arrows in Fig. 1A).

3. Results

3.1. Influence of shear heating on lithospheric deformation

We ran several models (27 in total) in which we varied
(i) cohesion and friction angle and (ii) the shear heating efficiency
x (see Table S3 in supplementary material for a detailed summary
of employed model parameters).

Of these parameters, the shear heating efficiency x is the most
important one (Fig. 2). Although brittle parameters like the friction
angle and cohesion also exhibit some influence in lithospheric-
scale localization, they only change the general behavior when
extreme values are assumed (e.g. when we employ a friction angle
of 151 and a cohesion of 106 Pa (see Fig. S3), lithospheric localiza-
tion does not occur for x¼ 0:5, but when choosing a friction angle
of 301 and a cohesion of 102 Pa as an extremely low value (see
Fig. S4), lithospheric deformation does not deviate significantly
from the simulation shown in Fig. 2, where a friction angle of
301 and a cohesion of 106 Pa is employed).

During the initial stage of all models, deformation is domi-
nated by isostatic equilibration, which is caused by the differ-
ences in lithospheric thicknesses and the initial horizontal free
surface. This stage (not shown) lasts no longer than 0.1 Ma, and is
followed by lithospheric-scale folding, with faults forming in
the shallower crust due to Mohr–Coulomb plasticity (first row
of Fig. 2). Deformation is localized in brittle faults but remains
distributed in the ductile parts of the lithosphere, and until this
stage all models develop similarly. With ongoing compression,
however, a single stable lithospheric-scale shear zone develops in
models with shear heating (x¼ 0:5,x¼ 1), which is followed by
subduction initiation. The model without shear heating (x¼ 0), on
the other hand, develops two conjugate shear zones and does
not result in subduction initiation. Deformation, instead, remains
distributed between several lithospheric-scale faults and with
no specific fault being ‘‘chosen’’ to take up all the deformation

(see also Fig. S1). The effect of shear heating on the state of stress
in the lithosphere can be illustrated with 1D stress profiles
(Fig. 2): whereas the maximum of the second invariant of shear
stress tII remains at 900 MPa in models without shear heating, it
is significantly smaller in all other models.

The shear heating efficiency x significantly influences the
timing, the temperature increase inside the shear zone and the
state of stress in the lithosphere. In the models shown here, the
maximum temperature increase is located near the brittle–ductile
transition, where Peierls creep is the dominant deformation
mechanism (due to the large stresses at this location). Models
without Peierls plasticity show the same behavior but with
lithospheric stresses " 200 MPa (the maximum value of tII is
" 1.2 GPa compared to 1 GPa in models with Peierls creep
included) higher prior to the formation of lithospheric-scale faults
(Fig. S2). During the initial model stages, faults form in the mantle
lithosphere due to Mohr–Coulomb plasticity, but ultimately a
single thermally weakened shear zone develops. In order to test
the influence of elasticity, we performed several models with a
viscoplastic rheology (see Fig. S5 and Table S3). As in the visco-
elasto-plastic models, we observe the formation of a lithospheric-
scale shear zone. The effect of elasticity is twofold: (i) it delays the
onset of formation of a lithospheric-scale shear zone by reducing
the amount of work being converted to heat, but (ii) helps
localization by converting elastically stored energy to heat in
the shear zone, which results in an extreme short-term increase
in velocity and a significant rise in temperature. In the viscoplas-
tic case, localization is less catastrophic and results in more
moderate temperature increases (also see Fig. S5).

3.2. Lithospheric-scale localization regimes

To gain insight into the physics of shear-heating induced
lithospheric-scale localization, we ran a total of 42 2D numerical
simulations with a wet olivine rheology, in which we varied the
compression strain rate _eBG and the thermal age of the lithosphere
U (see also Table S4). We employed x¼ 1 in these simulations
for several reasons: (i) Experimental evidence: Chrysochoos
and Belmahjoub (1992) used infrared techniques to accurately
observe the temperature increase in a sample during compression
and found that x lies between 0.4 and 0.9, approaching the latter

Fig. 2. Comparison between three simulations (Loc17, Loc22, Loc27) with no shear heating (x¼ 0), 50% shear heating efficiency (x¼ 0:5) and 100% shear heating efficiency
(x¼ 1). Colors correspond to the logarithm of the second invariant of strain rate, different levels of gray denote different rock units. White lines denote 800, 1000 and
1200 1C isotherms. The rheology in all three simulations is visco-elasto-plastic. Viscous rheology is given by Peierls and dislocation creep. In the rightmost column, 1D
stress envelopes of the second stress invariant tII are plotted that were extracted at the left boundary of the 2D models (colors correspond to the different runs). Note that
not the whole model domain is plotted, but rather a zoom on the relevant part.

M. Thielmann, B.J.P. Kaus / Earth and Planetary Science Letters 359–360 (2012) 1–134
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7 %Combining% shear%wave% splitting% on%multiple% S% phases% allowed% inferring%
the% local% mantle% flow% field% and% the% large7scale% deformation% of% the%
lithosphere% even% in% complex% systems% where%multiple% subduction% zones%
interact,% as% Indonesia.% Direct% models% of% flow% and% seismic% anisotropy% in%
subduction%zones%show%that%trench7parallel%sub7slab%flow%is%amplified%in%a%
double7sided%subduction.$

7 %Development% of% a% new% 3D% visualization% technique% for% analysing% fluid%
dynamics% experiments% and% full% rheological% characterisation% of% a% new%
analog%material% (Carbopol)%that,%similarly%to%rocks,%displays%a%stress7%and%
temperature7dependent% rheological% behaviour%highlights% that% the% shape%
of% the% plume% head% (finger7like)% and% the% strain% distribution% in% both% the%
plume%and% surrounding%media% (more% localized)% in% these%materials%differ%
strongly%from%those%observed%in%Newtonian%fluids.%%

7 %2D%numerical%simulations%of%the%plume–%lithosphere%interaction%beneath%
moving% plates% show% that% small7scale% convection% (SSC)% systematically%
develops% in% the% plume7fed% sublithospheric% layer% uplifting% the% 1573K%
isotherm%by%up%to%30%km.%SSC%onset%time%decreases%and%1573K%isotherm%
uplift% increases% with% increasing% Rayleigh% number.% For% sluggish% plumes,%
SSC%onset%time%decreases%with% increasing%plate%velocity.%Considering%the%
effect%of%partial%melting%on%the%mantle%rheology%and%buoyancy%and%on%the%
temperature% field% results% in% strongly% time7dependent% behaviour% and,% in%
most%cases,%lower%SSC%onset%times.%

7 %New% isotropic% and% anisotropic% phase% velocity% maps% for% the% Tyrrhenian%
sea% highlight% a% pronounced,% nearly% ring7shaped% low% velocity% anoma7ly%
surrounding%the%centre%of%the%Tyrrhenian%Sea%at%~80%km%depth,%probably%
associated%with%fluids%or%melts,%and%marked%changes%in%the%orientation%of%
fast%Rayleigh%wave%propagation%with%depth.%

7 %Development%of%a%3D%boundary7element%method% (BEM)% in%combination%
with%an%asymptotic%theory%of%thin%viscous%sheets%to%study%free%subduction%
provided% new% scaling% laws% for% the% instantaneous% sinking% speed% and% the%
lateral%deformation%of%the%slab%as%a%function%of%the%`bending%length'%and%
of% a% dimensionless% 'stiffness'% that% quantifies% whether% subduction% is%
resisted%by%the%viscosity%of%the%sheet%or%by%that%of%the%ambient%fluid.%

These% results% have% been% presented% in% >45% conferences% and% gave% rise% to% 38%
articles%in%international%peer7reviewed%journals,%among%which%19%articles%have%
been% published,% 2% are% accepted,% 4% submitted,% and% 13% are% in% final% stages% of%
preparation%to%date.%
!
Publishable!Summary!–!May!2013!
For%details%and%regular%updates%visit%our%website:%http://www.gm.univ7montp2.fr/CRYSTAL2PLATE/home.html%%
The%Crystal2Plate%coordination%team%can%be%reached%at%crystal2plate@gm.univ7montp2.fr%%
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Figure 3. (a) Time–space plot of temperature computed at a depth of 90.5 km (dashed black line in the (e)). (b) Evolution in time of the temperature in the
sublithospheric layer at 200 km (x = 216 km) downstream of the plume impact point (dashed black line in panel (a)). The different stages of the plume rise
and interactions with the lithosphere are depicted. The location in time from (c) to (f) are labelled on the time axis. The thick red line corresponds to the
time window associated with the statistical thermal equilibrium state. (c) Zoom on the plume rising in stage I; (d) conductive re-equilibrium at the base of the
lithosphere (stage II); (e) showing the corresponding model characterized by a plume with a temperature anomaly !Tplume of 200 K impinging a plate moving
at 10 cm yr−1 (simulation 7) 56 Myr after tinit, marked by a horizontal white dashed line in the time–space plot (a). (f) Influence of the open boundary effect
on the plume conduit geometry (stage IV).
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SSC in the plume-fed sublithospheric layer 13

Figure 10. (a) Minimum depth of the LAB, characterized by the 1573 K isotherm. The shallowest LAB is observed when energetic plumes impact slow plates.
(b) Distance (converted in time, Myr) between the plume impact and the location at which the minimum depth of the 1573 K isotherm is achieved. Increasing
Raplume and plate velocity scales are indicated by hotter colours and larger sizes of the symbols, cf. Fig. 2.

occurs in the vicinity of the plume impact, but it may extend far
away from it for plumes with high-temperature anomalies (Fig. 9),
with further development of low amounts of partial melting at the
base of the lithosphere destabilized by SSC, as predicted by Ballmer
et al. (2011). A more accurate modelling of melt generation and its
effects on the plume–lithosphere interactions will be presented in a
companion article, currently in preparation.

6 C O N C LU S I O N

Plume–lithosphere interactions were studied by 2-D numerical sim-
ulations using a thermomechanical numerical model based on a
finite-difference method on a staggered grid and marker in cell
method (Gerya & Yuen 2003). We focused on the kinematics of
the plume as it impacts a moving plate, on the dynamics of time-
dependent small-scale convective instabilities developing in the

low-viscosity layer formed by spreading of hot plume material at
the base of the lithosphere, and on its consequences for the thermal
rejuvenation of the lithosphere.

The injection of hot plume material into the asthenosphere accel-
erates the onset of SSC downstream of the plume impact. This is due
to the conjugate effect of mechanical erosion of the less viscous part
of the lithosphere by the plume upstream and downstream flows,
and the reheating of the lithosphere by the hot plume material. The
onset time of SSC, tc, depends primarily on the local Rayleigh num-
ber in the reheated asthenosphere, which, in turn, is closely related
to the plume strength (characterized by Raplume). tc decreases with
increasing Raplume. A weaker and more complicated dependence
on the plate velocity is observed. For vigorous, hot plumes (high
Raplume) tc does not depend on plate velocity; while for more slug-
gish plumes (low to intermediate Raplume), tc also decreases with
increasing plate velocity.
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Shear velocity structure of the Tyrrhenian region in relation to volcanism and tectonics
 Hanneke Paulssen & Sonja M. Greve

Dept. of Earth Sciences, Utrecht University, The Netherlands (h.paulssen@uu.nl)

Tectonic setting of the Tyrrhenian Sea area 

The tectonic setting of the western Mediterranean is the result of the complex conver-
gence between the Eurasian and African plates. In the last 30 Myrs slab roll-back !rst 
caused rotation of the Apenninic-Calabrian trench (30-15 Ma; opening of the Ligurian-
Provençal basin) and then led to the opening of the Tyrrhenian Sea (< 10 Ma). The Tyr-
rhenian Sea evolved in two parts. After an initial stage of rifting along the eastern mar-
gins of Corsica and Sardinia, the northern part - with a thinned continental crust - 
opened at relatively low velocity. The southern Tyrrhenian Sea, roughly below the 41 N 
parallel line, opened at a much higher rate. Here the oceanic Vavilov (4.3-3.5 Ma) and 
Marsili (1.9-1.7 Ma) basins were formed. The di"erence in evolution between the north-
ern and southern Tyrrhenian Sea is attributed to slab break-o" causing enhanced roll-
back of the Ionian slab in a southeasterly direction.
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Tectonic map of the Tyrrhenian Sea and surrounding areas
The plate boundary along the Adriatic and Ionian arc is shown as thick black line with triangles indicating the sense of subduction. 
Seismicity is shown varying with depth according to the colour scale on the right. The 41 N parallel line (41PL) roughly separates the 
northern from the southern Tyrrhenian Sea., where the Vavilov (VB) and Marsili Basin (MB) are located.
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Volcanism 

Subduction-related volcanism, intraplate volcanism and mid-ocean ridge basalts (MORB) can all be found in the area. The subduction-related volcanism shows a 
general decrease in age from west to east (!g's A and B), in agreement with slab roll-back. Along the Italian mainland (< 5 Ma) this volcanism is associated with past 
continental subduction of the Adriatic plate, and is mostly concentrated in the region of a slab gap as inferred from various tomographic studies (!g. B). Subduc-
tion-related volcanism in the southern Tyrrhenian Sea is di"erent because it is caused by present subduction of the oceanic Ionian plate. Intraplate volcanism, 
mostly younger than 5 Ma, is found in various locations south of the 41 degree parallel (!g. C). Magmas derived from a MORB-type mantle source are only found in 
the Vavilov basin. 
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Northern Tyrrhenian Sea area: hydrous phases 
from subduction-related volcanism

Our low shear-velocity anomaly  at 80 km depth is correlated with 
the region of subduction-related volcanism of the slab gap area in 
the Adriatic subduction zone. However, our low velocity anomaly 
also extends across the northern Tyrrhenian Sea from Tuscany to 
the island of Corsica. This is the mantle wedge area of the Adriatic 
plate during the !rst stage of opening of the Tyrrhenian Sea (14-5 
Ma). During the second stage (< 5 Ma) the in#ux of buoyant high-
temperature asthenospheric mantle through the slab gap caused 
increased melting and produced volcanism on the Italian main-
land. We suggest the presence of a similar, subduction-related, hy-
drous mantle composition beneath the northern Tyrrhenian Sea 
as for the Italian mainland. Lower mantle temperatures and re-
duced mantle #ow explain the absence of volcanism in the north-
ern Tyrrhenian Sea. The very low shear-velocity values over a re-
stricted depth range (~70-110 km) are therefore explained by a 
hydrous mantle composition produced by past continental sub-
duction.

Acknowledgements: We use publicly available data from the following networks: Geofon, 
Midsea, Retreat, Mednet. Thanks to Bill Fry, Laslo Evers and Gert-Jan van der Hazel for help with retrieving 
data.  Processing is largely based on codes developed by Sergei Lebedev and Thomas Meier. The research 
leading to these results has received funding from Crystal2Plate, an FP7-funded Marie Curie Action under 
grant agreement number PITN-GA-2008-215353

Southern Tyrrhenian Sea area

The 80-km depth shear velocity anomaly beneath the Aeolian vol-
canic arc does not show such low values as the northern Tyrrhenian 
Sea. This is surprising, but can be explained by the fact that #uids from 
the actively subducting Ionian slab directly migrate to the surface. 
The lowest shear velocities are found inbetween the Vavilov and Mar-
sili Basins and north of the tip of Sicily. Speculatively, they may be re-
lated to the presence of hydrous phases from past subduction. 
Intraplate and MORB volcanism is mainly found in locations of low, 
but not very low, shear velocity (yellow colours). Apparently, the sub-
lithospheric intraplate and MORB source regions have a higher shear 
velocity than the regions with subduction-related volcanism. This 
suggests that #uids and hydrous phases from continental subduction 
are more e"ective in lowering the shear velocities than 
(decompression) melt. The low shear velocity anomaly at 160 km be-
neath the southern Tyrrhenian Sea matches the location of the 
Vavilov Basin. This suggests that spreading in the oceanic Vavilov 
basin comes from a mantle source at depths greater than 150 km.

Surface wave tomography 

We obtained a detailed 3D shear velocity 
model of the Tyrrhenian Sea and surround-
ing onshore areas down to about 160 km 
depth. The high resolution of the model is 
achieved through the measurement of in-
terstation Rayleigh wave dispersion curves 
in a regional setting with dense station cov-
erage. 
The most noticeable structure is a pro-
nounced, nearly ringshaped low velocity 
anomaly at around 80 km depth surround-
ing the center of the Tyrrhenian Sea. The low 
shear-velocity values combined with the 
narrow depth range suggest the presence of 
localized #uids or melt.
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Raypath coverage be-
tween stations for phase 
velocity map of 80 s

Phase velocity maps
Rayleigh wave phase velocity maps for periods of 25 
s, 50 s, 80 s and 130 s. Colors indicate isotropic veloc-
ity anomalies relative to an average reference phase 
velocity as given in the lower right corner of each 
map. The scale is the same for all the maps. The green 
contour lines surround the areas of good resolution 
(diagonal element of the isotropic term in the resolu-
tion matrix greater than 0.3). 

Resolution test for a synthetic input model with circular low 
velocity areas (panel a). Inversions are performed for the 
same periods and with the same parameters as for the result. 

3D shear-velocity model
Top panel: Map of the Moho depth. Lower 
panels: Shear velocity anomalies relative to 
the global reference model AK135  at 
depths of 40, 50, 60, 80, 100, 120 and 160 
km.
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