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WAVEFIELD  GRADIOMETRY:  COMPARING  CONVENTIONAL  F-K  TECHNIQUES
TO LOCAL SPATIAL GRADIOMETRY FOR SITE CHARACTERIZATION
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Estimating  the  site-effects  at  locations  of  seismic  stations  and  performing  microzonation  for  seismic  hazard
assessment requires knowledge of the shallow shear-wave velocity profile. Conventionally, this information can
be  obtained  using  large  and  dense  arrays  of  sensors  and  processing  techniques  such  as  the  spatial
autocorrelation method (SPAC), frequency-wavenumber (f-k) analysis, multichannel analysis of surface waves
(MASW) and seismic refraction tomography (SRT). However, at sites with limited access, for example in urban
areas, on mountain slopes, at the ocean or lake bottom and at extraterrestrial sites, the requirements for the
optimum array used for  these techniques cannot  always be fulfilled,  either  because of  spatial  constraints  or
due to high transportation and installation costs. Estimating the local spatial gradient of the wavefield allows 
retrieving  the  local  apparent  velocity  by  using  significantly  smaller  arrays.  At  the  Earth’s  free  surface,  the
seismic wavefield gradient corresponds to the rotational  component of  the wavefield.  Therefore,  a rotational
sensor in combination with a conventional translational three-component (3C) seismometer could replace the
remaining  array  to  one  single  6C  station.  Besides  reducing  the  amount  of  required  stations,  such  sensors
would  also  minimize  the  influence  of  lateral  heterogeneities  at  the  receiver  location.  We  performed  a
conventional  seismic  site  characterization  at  a  potential  site  for  a  seismic  borehole  station  in  Valais,
Switzerland,  and  compared  the  resulting  dispersion  curves  from  conventional  methods  to  local  velocities
retrieved  by  gradiometry,  using  both  active  and  passive  data.  Active  data  was  acquired  using  4.5  Hz  3C
geophones  and  multi-component  sledgehammer  sources,  whereas  passive  data  was  recorded  using  5  s  3C
seismometers.  The array for measuring spatial  gradients had a diameter of  only 10 meters.  Results from f-k
analyses  and  gradiometry  are  generally  in  agreement.  We  demonstrate  the  principles  of  gradiometry  and
discuss  potential  reasons  for  the  remaining  deviations  between the  different  techniques.  Finally,  we give  an
outlook for future investigations at that site, including the use of rotational sensors.


