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Abstract The 1993 Tikokino, New Zealand earthquake
{ML 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 km2. The moment
of the preferred model is 1.1 x 1018 Nm (Mw 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

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 >6 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 ML 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.
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0.18g, was observed at Waipawa, 29 km to the south
(Cousins et al. 1994). In the Hawke's Bay region, relative
plate convergence of 42 mm/yr is being accommodated by
subduction of the Pacific plate beneath the Australian plate.
The plate interface in this area is c. 20 km deep (Ansell &
Bannister 1996) and dips at a shallow angle to the northwest.
Modelling of teleseismic body waves by Webb & Anderson
(1998) places the earthquake at 26 km depth (Table 1). It
involved oblique reverse slip on a plane striking 198° and
dipping shallowly 15° to the west. This source model is
consistent with the earthquake having ruptured the plate
interface. Reyners et al. (1997) relocated the mainshock and
aftershocks using data from portable seismographs installed
immediately after the earthquake (Table 1). They obtained
a hypocentre depth of 25.4 km, in good agreement with that
of Webb & Anderson (1998). The relocated epicentre is
10 km WNW of the routinely determined epicentre. Only a
relatively small number of aftershocks were recorded
(Reyners et al. 1997). They have locations compatible with
mainshock rupture on the plate interface, but there are
insufficient events to define the fault plane.

The distribution of peak ground accelerations does not
show a simple decrease with distance from the epicentre.
The nearest station (Hastings Civil Defence, HCD), at 19 km
distance, recorded only 0.03g, whereas, at Waipawa Post
Office (WPO), 29 km due south, 0.18g was observed.
Stations in Napier, 29 km to the northeast (Napier Civil
Defence, NCD, and Napier Hospital, NHO), recorded peak
accelerations of only 0.02-0.04g. This difference of almost
an order of magnitude between the station to the south and
those to the northeast strongly suggests source directivity,
with rupture propagating towards the south. An alternative
explanation for such widely varying peak accelerations
would be local site effects. If this was the case, however,
then we might expect the Napier and Hastings stations to
have the largest amplitudes, as they are located on sediments
and topography known to produce amplification. Zhao et
al. (1997), however, noted that the site amplification at
Waipawa could be as large as that at Napier. The duration
and frequency content of the records—longer and lower
frequency to the northeast, shorter and higher frequency to
the south—also support southward rupture.

Source directivity is also the plausible explanation for
the discrepancy between the magnitude estimates of Mi 6.1
and Mw 5.6 (Webb & Anderson 1998). The local magnitude
appears to be biased high by the large number of readings
to the south of the epicentre, which are all larger than those
to the north (Reyners et al. 1997). The mean values from
the North Island stations to the south and north of the
epicentre are Mi 6.3 and M/, 5.5, respectively. Such a
distribution of magnitude readings is not observed for other
events in the area, for example the 1990 February 19 and
May 13 Weber earthquakes, or an Mi 5.8 event on 1992

March 2. It is therefore very unlikely that the pattern of
magnitude readings observed for the Tikokino earthquake:
could be caused by propagation effects. Reyners et al. (1997)
calculated a revised Mi 5.9 for the Tikokino earthquake by
incorporating an improved azimuthal weighting of the
individual recording station amplitudes. This is still higher
than the Mw 5.6 from teleseismic modelling, but the lower
Mw value is also consistent with southward rupture:
propagation. All the stations used by Webb & Anderson
(1998) are tightly clustered to the northwest, with an average:
take-off angle of 15°.

The aim of the present study is to determine how well a
finite fault model can match the strong motion seismograms
of the Tikokino earthquake. We attempt to constrain the
mechanism and dimensions of the rupture and the degree of
source directivity. We begin by describing the available data,
and model, and then present the results of forward modelling
in which source and structural parameters are varied to match
the principal features of the strong motion records.

STRONG MOTION DATA

Four strong motion instruments recorded the Tikokino
earthquake, two in Napier, one in Hastings, and one in
Waipawa (Fig. 1, Table 2). The first three are digital Terra
Technology recorders (DCA-333R) and the fourth is a New
Zealand manufactured mechanical-optical accelerograph,
which records accelerations on 35 mm film (Cousins et al.
1994). These accelerographs have been statically calibrated
to yield earthquake accelerations with errors <0.001j>
(Skinner & Stephenson 1973). The film records were
digitised at 100 s/s and all records have been filtered to
remove long period instrumental noise and anti-aliasing
effects (Beck & McVerry 1982; Hodder 1983). They are then
integrated to obtain velocity and displacement seismograms
(Fig. 2). The horizontal components are rotated to radial (SV)
and transverse (SH) directions (Fig. 3). As the earthquake
is relatively small for strong motion analysis, there is little
long period signal above noise level, and so the digital
records have a maximum signal period of 4 s. The more
severe high pass filtering of the WPO records (2 s) is
necessitated to remove noise introduced during digitisation
(Cousins et al. 1994).

The recordings include high frequency energy to 24.5 Hz,
but it is well known that site effects can dominate the ground
motion at high frequencies. The Napier and Hastings sites
are all on thin soil layers above several kilometres of soft
Miocene sediments, principally limestones and sandstones
(Kingma 1971). Strong site effects are therefore expected,
including prolonged duration and amplification of shaking.
Resonance peaks are observed in the spectra above c. 2 Hz.
and prolonged higher frequency shaking continues for 30 s
after the main displacement pulses. Significant site effects

Table 1 Source parameters of the Tikokino earthquake.

Webb & Anderson Reyners et al.
CUSP (1998) (1997)

Date and time (UT)
Location (lat. and longit.)
Depth
Focal mechanism
(strike / dip / rake)
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