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The scope of  this study is to investigate the influence that some details of  the seismic source process, namely 
slip distribution and geometry complexity, have on tsunami generation. In particular, we examine to what extent 
a tsunami generated by a earthquake is sensitive to rupture complexity or if  a simple fault model, i.e. a planar 
fault, is sufficient for hazard studies. 
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First lateration (green) to locally 
position the third point of  the face

The distance is the length of  
the red segment

Second lateration (yellow) to posi-
tion the apparent origin

Computing the distance with the double lateration solutions 
after Novotni & Klein (2002)

The Problem The Solution

k-2 (Herrero & Bernard, 1994) 
slip distribution on a flat regu-
lar mesh

This is the “geodesic distance” problem,  a number 
of  different solutions have been suggested: Dijkstra 
(1959); Kimmel and Sethain (1998), Novotni & Klein 
(2002). We have construct our own algorithm, based 
on a first in first out queue of  vertices, where a node 
propagates its distance to its neigthbors along the 
edge or through the adjacent cells. As the result de-
pends on the sweep order of  the neighbor vertices, 
this operation is repeated forward and back.

k-2 slip distribution on an unstruc-
tured mesh where the vertices are 
on a regular grid

Spectrum of  the slip distribution above

3a. Slip Distributions
M 9 Tohoku M 8.5 Santa Cruz

3b. Tsunami 
M 9 Tohoku M 8.5 Santa Cruz
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Computing a geodesic distance matrix on a non-planar fault surface and using it with a composite 
source methodology allows us to produce heterogeneous slip distribution. Using this technique 
on regularly spaced planar fault produces a slip distribution with a k-2 spectra. 

In all case studies, planar faults produce larger offshore tsunami wave amplitudes compared to the 
same event on a non-planar fault.  This is due to a planar fault focusing tsunami wave energy in a 
particular direction depending on fault strike and dip. In contrast, non-planar faults, with their 
variable dip and strike tend not to focus the tsunami wave to the same extent.  

References

To study this problem, we first need to solve how to distribute a composite source model on a curved fault plane. 
To do this we compute a geodesic distance matrix, which is an improvement on a classical Dijkstra’s algorithm on 
a complex 2D surface in a 3D space. This distance matrix is then used in a composite source model in order to 
generate hetereogeneous slip distributions with k-2 spectra.

The subduction zones that generated the 2011 Mw 9 Tohoku and 2013 Mw 8 Santa Cruz Islands earthquakes are 
taken as case studies. Simple rectanglar faults and complex 2D fault surfaces based on Slab 1.0 with both uniform 
slip and k-2 slip are used as source generation for tsunamis. The Tohoku fault will be used to generate three M 9 
earthquakes, and the Santa Cruz Island fault will be used to generate three M 8.5 events. Preliminary results will 
focus on comparing the tsunami wave height observed along nearby coastlines generated by the different source 
models.

The study is also motivated by the need to ascertain if  
accounting for non-planar surfaces is important in the 
context of  slip inversions based on tsunami data.  For 
example, in the case of  slip inversion, Lay et al. 2013, 
Hayes et al, 2014 and Romano et al. 2015 all produced 
different slip distributions for the same earthquake 
using different fault geometries (see adjacent figure). 

Figures in this section show heteroge-
neous slip distributions used in the tsu-
nami simulations. Green surface repre-
sents the corresponding planar/non-
planar fault as reference to the displayed 
slip distribution.

In the case of  Santa Cruz the rake varies 
spatially across the non-planar fault and 
this depicted below. In all other cases a 
rake of  90o is assumed. 

Figures in this section show maximum 
tsunami wave amplitude calculated at 
the 50 m isobath and extrapolated to the 
shoreline based on an amplification of  
2.66 (i.e. the fourth root of  50) based on 
Green’s Law.  The figure displaying the 
slip distribution that corresponds to 
each of  tsunami simulations has the 
same relative location between sections 
3a and 3b. 


