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Project Description Models Simulations and First Results
] Figure 1. Compilation of Earth models : i )
Abstract GeOdynam|C Model 4000 Average used in this study. First Step- 4 Simulations e Mantle Convection Model: Pyrolite - 1D average
This project aims at a better understanding of the forward problem of e Present day temperature field from mantle con- > m'ﬁx'?n“u”; a) 'Temperature AUl e e, (spher. harmonics degree 20)
global 3D wave propagation. We use the spectral element program vection simulations based on sequential data- : Ia’gg(n)KmodeI(.j_ Isl,osu(l;fa;:es fc(;jr —353K| a:d SO R SR e Seismological Models: S20RTS - PREM
"SPECFEM3D” (Komatitsch and Tromp, 2002a,b) with varying input assimilation of past plate motions of Bunge et - T A L PRI STt |
models of seismic velocities derived from mantle convection simulations al. 2002 g ;?O:]els)(dvpnan(rjnfjnveséa:esie?(':\;e::])szlrl'.\;ed e Event: Fiji Islands M6.4, April 13 1999, depth 164 km
: : - - 3 | | | INg.
(Bunge et al., 2002). The purpose of this approach is to obtain seis- | S T TR AT E (intermediate moment, allows comparison to P-amplitude study on real data, Tibuleac et al. 2003)
mic velocity models independently from seismological studies. In this way e Whole mantle, spherical geometry d) Tomography)model S20RTS (dvs) f;r
- - comparison to c). Isosurfaces for +1.75% e Stations: all GSN (Global Seismographic Network) stations and a uniformly spaced grid of 42250
one can test the effects of varying parameters of the mantle convection e Over 10 Million finite elements — ca. 60km | . ( | g ) | |
models (MCM) on the seismic wave field. In order to obtain the seismic " . o id ) are shown for the VelOCIty models. stations all over Earth’s Surface, 6 COmDOnentS (3 rotational and 3 tl’anS|atIOna|) — 133 Gb of data
orizontal grid spacing | | | | | . . :
velocities from the temperature field of the geodynamical simulations we % 500 1000 1500 2000 2500 2891 a) Temperature Field per simulation
: . : . . . : Depth [km]
follow a mineral physics (MP) approach. Assuming a certain mantle com- e Rayleigh number based on internal heating of > R e Resolution allows accurate seismograms down to 20s period
it it i TP £ o S G Figure 2. Radial temperature profile of the W -
position (e.g. pyrolite) we compute the stable phases for each depth (i.e. order geodynamic mantle convection simulation L 5%
pressure) and temperature by system Gibbs free energy minimization. _ e :oget ertWIthfthe mli?lcrlnuw]and maximum __,:_" e Simple model to allow study of pure mantle effects (spherical, no topography, no ocean loading, no
Through the same equations of state that model the Gibbs free energy e Viscosity increases from upper to lower mantle e abele b Al it d il e 3 I . 3D crustal model, no self-gravitation and no rotation)
of phases, we compute elastic moduli and density. For this we built a by a factor of 40
mineral physics databése based on cglorimetric experiments (enthalphy e 85% internal heating by radioactive decay e Model is parameterized in spherical har-
and entropy of formation, heat capacity) and EOS parameters. monics (degree > 120) for 65 radial levels
e 15% of heat coming from CMB
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their 1D model. a) MCM_MP 3D/1D. b) S20RTS/PREM. Values exceeding +/-0.2

4071

are plotted in black and white to allow for a linear colorscale. ¢) and d) show abs-
80 - 14000 c) dvs — Mineral Physics Model S olute RMS amplidutes for MCM_MP 1D and 3D.
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. Figure 4. Elastic properties and density for a pyrolitic mantle for a large range of P and T conditions ‘ e S \ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
Velocity Model obtained by applying appropriate EOS for the stable phases. - .. - | | | |
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Figure 8. Seimsogram example of the Fiji Islands Region
event simulated in this study. The upper part shows the

Z—component of displacement at Pinon Flat Observatory | | | | | | |
obtained with the tomography model S20RTS and PREM | 500 1000 1200 400 1800 1800

— PREM ' The lower parts shows the seismograms for our model. Time (sec)
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- Interpretation is just at the beginnig! Main task is to find relation between pattern of amplitude ratios

SRRl e Sl -betvveen tomograph.y o e : Figure 6. Radial 1D profiles of the converted (T —Vs/Vp) mantle convection model from radially aver- and structure in models. Further analysis and simulations are planned:
MCM not yet feasible (current resolution of MCM leads to overesti- aging the 3D seismic velocities. In addition profiles of PREM and AK135M are shown for comparison.
mated temperature variations) Different location of earthquake keeping the same CMT solution (e.g. outside subduction zone)

Different CMT solution at same location (e.g. explosion, 90° rotation of strike)

Solution
Tomography Model S20RTS | _
e Averaging each 3D MCM_MP will give a theoretical 1D reference (CaITech) " | | Apply same processing to earthquakes where more stations are on continents

model that serves as a kind of “artificial PREM” _ , _ : : : . : _ :
e Shear velocity model derived from Rayleigh wave dispersion, body wave travel time and normal o Compute amplitude ratios for varying frequency bands

e [ his will provide the opportunity to constrain the mode splitting data
global characteristics of global wave fields

Additionally check traveltime differences

e Parameterized in spherical harmonics up to order and degree 20 and 21 vertical spline functions
Build new model using dvp and dvs perturbations of MCM MP applied to PREM

Important seismological parameters are: : , : : :
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Improve mantle circulation models: higher resolution soon possible due to new supercomputing facil-
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