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Abstract The 1993 Tikokino, New Zealand earthquake
{M; 6.1) is modelled as a unilateral rupture, exhibiting clear
source directivity to the south. The earthquake was recorded
by four strong motion stations within 30 km: Waipawa to
the south, and three sites in Napier and Hastings to the
northeast. The shorter duration and greater amplitudes (by
a factor of 10) observed at Waipawa with respect to the other
stations provide clear evidence for the southward rupture
direction.

The Tikokino earthquake occurred on a shallow dipping,
oblique reverse fault, and probably represents movement at
the plate interface. A high rupture velocity is required to
match the distribution of observed ground shaking, and the
rupture area is constrained to be c. 7 x 2 km?. The moment
of the preferred model is 1.1 x 10'8 Nm (M,, 6.0) and the
stress drop about 35 MPa. This high average stress drop is
consistent with the rupture being confined to an isolated
asperity.

The model used consists of a finite, rectangular fault
rupturing with prescribed velocity and direction, and with
uniform slip. The fault is embedded in a planar layered
seismic velocity structure. The ability of the model to match
the principal features of the observed seismograms suggests
that it will be a useful tool in the prediction of strong ground
motion for seismic hazard studies in the region.
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INTRODUCTION

The prediction of strong ground motion in potentially
damaging earthquakes forms a major component of seismic
hazard estimation. The accuracy of the prediction depends
upon modelling the seismic wavefield produced by complex
earthquake sources, combined with the path and local site
effects on such a wavefield. Estimation of ground shaking
following future earthquakes therefore requires an
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earthquake source model capable of reproducing strong
ground motions already recorded, and knowledge of the
variability and complexity of individual earthquake ruptures.
To date, very little modelling of strong motion records in
New Zealand has been attempted.

The New Zealand strong ground motion network has
been operating since the 1960s. As of March 1997, the
network comprises 148 sites of which 119 are free-field and
the rest in buildings and other structures (Cousins & McVerry
1997). Only 19 free-field recordings of earthquakes of
magnitudes 26 at epicentral distances <30 km are currently
available. These cover 10 earthquakes with typically one
record per earthquake. Several earthquakes have two or three
records, but only one has four local, strong motion recordings
with a reasonably useful azimuthal distribution. This event
is the 1993 April 11 Tikokino earthquake M; 6.1. The
relatively good strong motion coverage (for a New Zealand
earthquake), combined with existing constraints placed on
the source mechanism by earlier studies using teleseismic
and regional data, makes this a good event for study.

The Tikokino earthquake occurred in southern Hawke’s
Bay (Fig. 1) and was felt widely in the southern part of the
North Island. The strongest recorded ground acceleration,
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Fig. 1 Southern Hawke’s Bay area showing the relocated
epicentre of the Tikokino earthquake (star, Reyners et al. 1997),
the four strong motion stations used in this study (filled circles),
the local mapped faults, and the coastline. The rectangle is the
surface projection of the preferred rupture area.






