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On the comparison between rectangular and triangular elements in 2-D FEM modeling
along land-sea arrays
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The San-in region is classified as an area of high seismicity/volcanic activity, and thus many magnetotelluric (MT) and seismic
observations have been conducted. However, the observations are limited only on land so far. Our group, therefore, starte
seafloor electromagnetic (EM) observations off the San-in region in 2006. As a result, we have obtained seafloor EM data at 1
sites in total.

The purpose of this study is to appreciate the causes of the volcanic and seismic activities around the San-in region by estime
ing the electrical conductivity structure beneath this region using both seafloor and land EM data.

Inferring subsurface electrical structures is usually done by solving inversion problems. However, there are few 2-D inversion
codes available for land-sea arrays at this moment because there have been few seafloor EM observations in shallow seas.
regions with coast lines, the way how currents flow in the sea depends strongly on the bathymetry as well as topography. Thi
means that accuracy of forward modeling depends on how the bathymetry is expressed numerically. There are many methods
model electrical conductivity structures, such as the finite difference method (FDM), the finite element method (FEM) and so on.
In the case that EM response functions are calculated along arbitrary boundaries between conductive media, FEM is known 1
be most useful. However, if the forward code of the FEM in concern adopts rectangular elements, it is needed to have very fin
numerical grids when the bathymetry has steep inclinations.

In this study, we compared the accuracy of EM responses calculated by different two-dimensional (2-D) FEM codes using tri-
angular and rectangular elements. We used Ogawa and Uchida'’s (1996) code for rectangular elements and Utada’s (1987) cc
for triangular ones. We worked on a bathymetry with a uniform inclination between the land-sea boundary whose horizontal-to-
vertical ratio is 25 up to 4km deep. On both sides of the inclination, there are land with Om height and sea with the 4km depth.
Using this bathymetry, we conducted 2-D transverse magnetic (TM) forward modeling for both elements and compared the ap
parent resistivities and phases of MT impedance.

As for triangular elements, it was found better to keep all triangles’ shapes as uniform as possible regardless of their aspe
ratios rather than to change the shapes of particular elements to make the aspect ratios smaller. The results suggest that i
important to force both sizes and shapes of the triangular elements change as smoothly as possible.

On the other hand, as for rectangular elements, theoretical MT responses calculated along the seafloor were not smooth enot
and appeared to be oscillating. It is due to the vertical boundaries crossing the inclination, which are inevitable in the case o
rectangular elements. When we calculate the MT responses along the locally horizontal seafloor, the effects of side edges a
opposite, which resulted in the oscillating responses. The opposite edge effects may be caused by charge accumulation near
vertical boundaries between the resistive land and the conductive sea water. However, if we use the response at the center of 1
horizontal seafloor alone, the oscillation can be minimized.

From the above results, it can be concluded that the theoretical responses should be calculated at nodes as far as possible fi
the corners of the vertical inside boundaries when using rectangular elements. On the contrary, it is possible for the triangule
elements to achieve the accuracy of 2-D FEM modeling in regions including land-sea boundaries.

In the presentation, we will further present progress in 2-D FEM inversion using triangular elements as well as real data, in
addition to the report on numerical experiments of triangular vs. rectangular elements.
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