
MOTIVATION

Seismicity a�ecting the Romanian territory  may be divided in two categories: 
-  shallow seismicity spread over the territory and consisting of small to intermediate magnitude 
events.
- intermediate-depth seismicity concentrated in the Vrancea subduction zone with the occurrence 
of stronger events.
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VELOCITY MODEL AND COMPUTATIONAL MESH

The initial model has been derived by Tondi et al. (2009) 
using a P and S wave �rst arrival tomography in 
combination with the sequential integrated inversion of 
land gravity data.

The velocity distribution underneath Vrancea is 
characterized by the presence of a NW-SE high velocity 
deepening volume which encloses the intermediate 
depth seismicity of the region in its NE part.

The nature and origin of this deep intracontinental 
seismic volume is still under debate. Until now, two main 
geodynamical models intend to explain the 
geodynamic of the area: a subduction related process 
and a delamination process.

High resolution seismic tomography could help to 
reveal the properties of this downgoing seismogenic 
body.

SPECFEM3D (SPECtral Finite Element Method in 3D 
domain,  Tromp et al., 2008) has been implemented 
on the new BGQ computer of the CINECA 
supercomputing center to de�ne the regional grid 
and to compute synthetic seismograms.

DATA

Our database is built on the broad-band data records from the 1999 
CALIXTO experiment which took place in Vrancea for 6 months.
 It consists of 21 events  with  magnitude from Mw=3.2 to Mw=4.5, 
at depth ranging from 15km to 154km recorded at least by 3 
stations.
These events have acceptable signal-to-noise ratio only in a rather 
limited frequency band (period from 1.25 to 2.5 seconds).
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CORRECTING LOCATION AND MOMENT TENSOR SOLUTIONS ..
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.. with phase picking
We need to compute moment tensor solutions of the selected events. In a �rst step we relocate the events 
using the NonLinLoc algorithm (Lomax et al., 2000) based on phase picks evaluated at the CALIXTO 
short-period stations.  Using �rst-motion polarities and FPFIT (Reasenberg and  Oppenheimer, 1985) we 
then compute the focal mechanisms.
The results for our dataset are presented here together with the table of the events description. The 
mechanisms from Tondi et al. (2009) are given in the left side column and our solutions in the right one. 
Besides, we highlight with grey boxes the events for which we have obtained multiple solutions.

The re-location leads, in average, to a depth correction of about 10km up for our selected events. 
The focal mechanism estimation shows some unstabilities : 
1) from  the Tondi et al. set-up to the new one, as for events 5,10,18,19
2) with  the pop up of multiple solutions for events 6,9,15 and 18.  
This can be explained by the scarse station coverage that leads to uncertainty in the nodal plane choice.  
For the remaining  non-cited events, both solutions are in good agreement. 

.. with waveform mis�t
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991012  23:48:34.62 Mw  4.3 depth 148.99km
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We then compute moment tensor using a full waveform mis�t -computed in 
manually de�ned windows- between data and synthetics.
The method employs a global grid search around the di�erent values of 
strike/dip/rake and use the elementary moment tensor component seismograms 
computed at the starting location solution to build each solution candidate.
The re-constructed synthetics leading to the best mis�t give the best combination 
of strike/dip/rake for the event.

We present here two results obtained with this method for two main events 
recorded by the CALIXTO experiment.
The distribution of the stations and the focal mechanisms are described in the 
central �gure and several station records (black) are compared with synthetics 
seismograms (red) .
The seismograms have been normalized to improve the comparison of the 
waveforms.
In this inversion we allow for a small time shift adjustment between data and 
synthetic, as given by cross-correlation measurement in the computational 
windows. 
We obtain a good waveform �t although some traveltime discrepancies indicate 
the need to improve the tomographic model. This will come at the next step. 

Panels at the bottom of the maps give a representation of the mis�t distribution as 
a  function of the strike/dip/rake values tested. These representations point out the  
uncertainty of the resulting solutions.
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We have done a preliminary study of the kernels sensitivity and ray 
coverage at high frequency.
 
Here we present the results obtained for a test at the event 991012 
23:48:34.62 with an initial MT solution at depth 154km. The kernels 
are here obtained at the frequency range [0,5 - 0,8]Hz and do not 
contain any value of the mis�t. Vertical cuts pro�les have been done 
along the volume kernel from three surrounding stations. 

These �rst tests con�rm that we are able to retrieve more 
information from a full waveform inversion using the adjoint 
method than a ray based inversion, even if we are working at high 
frequencies.
  

AN INSIGHT INTO STRUCTURE INVERSION
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The calculation of moment tensors is delicate in our case, as we 
do not bene�t from a strong coverage of the CALIXTO stations 
and as we have to work at  small period range (from 1.25 to 2.5 
seconds). 
The search for the best moment tensor mechanism point  out 
that multiple solutions can give very similar mis�t 
measurements. 
The traveltime shift may be corrected by the following 
tomographic inversion for structure.
The challenge here is to retrieve enough information from full 
waveform traveltime mis�t inversion at such high frequency 
range.

CONCLUSIONS

The Vrancea region, in the southe-
ast Carpathians, represents one of 
the most seismically active zones 
of Europe. 

Into improve knowledges on its 
geodynamics and enlighten the 
relations between the shallow and 
deep structure beneath Vrancea 
several studies have ben carried 
out in the last decades. 

Tomographic models reveal the 
presence of a high velocity body 
beneath Vrancea. Its NE part con-
tains strong earthquakes occuring 
in a limited seismogenic volume 
at intermediate depth (70 to 
180km).

Local travel time tomography uses �rst arrival times and is based on ray tracing. Our goal is to use  adjoint 
based tomographic inversion to assess the bene�ts of using full waveforms and associated 3D �nite-
frequency sensitivity kernels in the inversion. 
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