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ABSTRACT: Portable seismographs were operated at 8 sites in and near Blenheim, one serving as a
reference for comparison of site response from small local and regional earthquakes.

Some resonance was observed at three sites, but there were no common resonant frequencies.  Most
sites exhibited mean amplifications of 1–2 times the signal at the reference site.  Average
amplifications at the resonant frequencies were up to six times the reference.  It is concluded that there
is less variation in site response in Blenheim than in most locations elsewhere in New Zealand that
have been investigated in this way.

Blenheim's principal earthquake hazard derives from its close proximity to the Wairau and Awatere
faults, and from the slightly more distant Clarence, Kekerengu, Elliot, Jordon and Hope faults of the
Marlborough fault system.  All are capable of producing earthquakes of Mw 6.9-7.9.  The average
return time for an earthquake on any one of these is in the range 28-51 years.  The average time
between an earthquake on either the Wairau or Awatere faults is in the range 350-950 years.  An Mw
7.5 earthquake on either could produce peak ground accelerations of up to 1.4g at the sites surveyed,
and intensities from MM VII to more than IX.

1 INTRODUCTION

Blenheim lies within about 10 km of the active Wairau and Awatere faults (Fig. 1) and consequently
has a high level of seismic hazard.  The seismic hazard of a site may be characterised by its proximity
to earthquake sources, their frequency of recurrence, and seismic response of the site to earthquake
motions.  We report an assessment of seven sites in and around Blenheim to weak earthquake motions
relative to a nearby site on relatively firm soil, an assessment of the expected return times of large
earthquakes on the nearby active faults, and the combined consequences of these elements.  Fuller
details of the study may be found in Robertson (2002).

Two of the Marlborough faults have been active historically, producing earthquakes of magnitude 7 or
greater: the Awatere fault in 1848 (Grapes et al. 1998; Benson et al. 2001) and the Hope fault in 1888
(e.g. Van Dissen & Yeats 1991).  These and other authors have determined average return period and
maximum magnitudes of earthquake for the major faults of Marlborough.

Using historical seismicity, Smith & Berryman (1983) estimated that an earthquake is likely to
produce ground shaking in Blenheim of Modified Mercalli Intensity MM VIII approximately once
every 58 years, and MM IX approximately once every 210 years.

The geology of the Wairau plain has been described by Brown (1981) as consisting of Holocene
lagoon deposits, beach ridges, sand dunes, alluvial and fluvial gravel, sand and silt; Pleistocene glacial
outwash gravel; and Miocene loess, gravel, sand and silt.  These overly Mesozoic greywacke of the
Wither Hills south of the valley and upper Palaeozoic greywacke and schist on the north side.  A
small-boat watercourse formerly gave access to what is now the business area of Blenheim.  Several
pockets of known soft ground occur around Blenheim, but no extensive regions (Neil Morris,
Marlborough District Council, personal communication).
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Figure 1:  Location of Blenheim and the Marlborough Fault System, modified from Benson et al. 2001.  The
bold arrow indicates the direction and rate of the Pacific Plate motion relative to the Indo-Australian Plate.

In the absence of strong motion data, several methods have been proposed for estimating seismic site
response.  We follow the method introduced by Borcherdt (1970) and developed for New Zealand
conditions and technologies by Taber & Smith (1992), which compares the Fourier spectra from local
and regional earthquakes at sites of interest to those at a nearby site on rock or firm ground.  A
difficulty with the method is that spectral anomalies (peaks and troughs) at the reference site will feed
through to spurious troughs and peaks in the spectral ratios.  Therefore, spectra at the reference site
should be examined to ensure this effect does not occur.  The resulting estimates of relative site
response are necessarily linear and, accordingly, care needs to be taken in their application.

2 SITE RESPONSE ASSESSMENT

2.1 Theory

A displacement seismogram may be considered to be the convolution of four time functions: for the
source, path, site and instrument.  In the frequency domain, the corresponding spectrum is the product
of the Fourier transform of the four terms.  Accordingly, the source and path terms can be removed by
taking the ratio of the Fourier spectrum of an earthquake at a site to that at a reference site.  Once
differences in instrumental response have been corrected, the result is an estimate of the relative site
response (Taber & Smith 1992).  Results from a number of earthquakes may be used to estimate
average response and, allowing for the variation between earthquakes, any other appropriate measures
of site response.
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The largest values for site response occur when there is resonance i.e. where earthquake waves of the
natural period of a near surface layer are trapped in the geological structure beneath the site and are
multiply reflected.  In the one-dimensional case of a single layer over a half-space the resonant
frequency is given by β / 4t, where β is the shear-wave speed in the layer and t is its thickness (Field
1996).

2.2 Data collection and processing

Eight EARSS seismographs (Gledhill et al. 1991) with three-component 1 Hz seismometers were
deployed at sites around Blenheim for about 6 weeks during early 2002 (Fig. 2).

Figure 2. Locations of the sites assessed for response.  Sites indicated by three letter codes viz: BCD.  BDF was
the reference site.  NZMG grid interval 10,000 m gives the scale.

Before and after the deployment, the seismographs were operated with their seismometers in close
proximity, to ascertain and correct for differences in instrumental response.  Differences between
instruments before and after the field deployment were determined to be negligible across the
frequency range 1 – 12.5 Hz, except for the north-south components at sites BHR and BSS, which
showed large post-deployment variations from the reference instrument.  Accordingly data from these
components were not considered in the analysis.  Otherwise, no correction was made for changes in
response during the field deployment. After smoothing with a 0.5 Hz moving triangular window
(algorithm modified from McLaughlan 1997) lines were fitted to the differences between the natural
logs of the spectral amplitudes at each component and those at the reference instrument.  The best-
fitting lines provided the corrections for instrumental response.  The corrections were generally small.

During the deployment, data were collected from 21 local and regional, shallow and intermediate
depth earthquakes at distances from ~ 10 - 400 km.  For the north-south and east-west components, a
10.24 s window was taken, starting 0.5 s before the S arrival, and a ~ 7 s window was taken prior to P
to determine pre-event noise.  Data traces were then de-meaned, tapered with a 10% Hanning window,
and a fast Fourier Transform was applied.    For each event, a reference spectrum was obtained from
the reference site (BDF) by taking the root mean square spectrum of the n-s and e-w components.
This was done to smooth spectral noise at the reference site.  The reference spectrum was smoothed
with a 2 Hz moving triangular window, and spectral ratios calculated for each component of the seven
sites that had useable data.  Instrument response corrections were then applied, and the resulting
spectral ratios were smoothed with a 0.5 Hz moving triangular window.
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2.3 Analysis of the site response data

Averages of the spectral ratios, together with plus and minus one standard deviation bands, are shown
in Figure 3.  In general the ratios of spectral amplitudes are fairly flat and the amplification base levels
are about 1- 2 times the amplification at the reference site.

Figure 3. Ratios of Fourier spectra from all sites' n-s and e-w components relative to the reference spectra (BDF).
Bold line is average over all earthquakes; lighter lines are ± 1 standard deviation.

At frequencies above 8 Hz there appear to be some spectral anomalies at the reference site, and so
genuine effects at the other sites cannot be distinguished from these.  Otherwise, the reference site
amplitude spectra for individual earthquakes are flat and of reasonable amplitude at frequencies below
~8 Hz.

The seven sites have average amplifications of between 1 (BCD and BWF) and 2 (BNM) times the
amplification at the reference site.  The amplitude ratio spectra for sites BCD, BSR, and BWF are all
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fairly flat at frequencies between 1 - 8 Hz.  At site BHR the e-w component has a gently sloping
amplitude ratio spectrum, rising from a relative amplification of ~1 at 1 Hz, to ~2 at 8 Hz.  Site BBR
has an amplitude peak at ~7 Hz, where the average relative amplification is ~ 4.  Site BNM has a peak
in the n-s component at 3.3 Hz with an average relative amplification of ~6, and a peak in the e-w
component at 4.8 Hz with an average relative amplification of ~4.

The peaks in the spectra at sites BBR, BNM and BSS can be ascribed to resonance.  Where there is
more than one peak it is likely that one peak represents the fundamental resonant frequency, and the
other peaks higher modes.  The fundamental resonant frequency is a function of the thickness and
velocity of the sediments.  Data for neither were available, and so the structural parameters are not
resolvable. There are generally few such peaks, and the relative amplifications are low compared to
those seen in similar studies (e.g. Van Dissen et al. 1992).

In summary, little variation in response was found between the eight sites surveyed.  This suggests that
the soil properties and depth in and around Blenheim are rather more uniform that seen in similar
studies in New Zealand.  Although the method used here produces estimates of relative linear
response, it may be tentatively concluded, on the basis of the low level of variation between sites, that
response to stronger ground motions, where non-linear effects are important, might also be similar.
This conclusion is drawn with the provisos that the number of sites sampled was relatively small, and
that no known pocket of very soft soil was surveyed.  These conclusions should not be used in place of
a site investigation for any structure requiring one.

3 EARTHQUAKE SOURCES

3.1 Assessment of the Marlborough faults

Summary data for the average return times and maximum magnitudes for the Marlborough faults are
shown in Table 1.

Table 1: Marlborough faults – average return time and
maximum magnitude (data from Benson et al. 2001, and Stirling et al. 1998)

Fault Average Return
Period (years)*

Maximum
Magnitude (Mw)

Wairau 1000 – 2300 7.9

Awatere 577 – 1607 7.8

Clarence 900 7.5

Kekerengu 778 7.2

Elliot 1064 6.9

Jordon 1808 - 3357 7.2

Hope NE

(1888)

SW

100 - 300

120

100 - 300

7.3

7.3

7.3

* Ranges are derived from estimates of intervals between individual inferred paleo-earthquakes.

The hazard to Blenheim from these faults may be summarised by noting that the Hope fault presents
the most frequently occurring hazard, and the Wairau and Awatere, because of their proximity and
larger assessed maximum magnitudes, present the highest level of shaking.
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The average time T between a movement of any one of N faults with individual average return-times,
Ti , is given by

i

N

i TT
11

1
∑
=

= (1)

Thus an average return period of 28 - 51 years is calculated for an event on any of seven faults of
Table 1, using equation 1 and the maximum and minimum values of the average return periods given
in Table 1.  There have been two events, on the Awatere and Hope Faults, in the last ~150 years,
which is broadly consistent with this average.   The average is dominated by the short return periods
for the three segments of the Hope Fault.   Equation 1 gives an average return period of 350 - 950
years for an earthquake on either the Wairau or Awatere faults.

3.2 Earthquake scenario modelling

Sixteen earthquake scenarios were modelled, one scenario for each combination of the eight sites with
each of the Awatere and Wairau faults.  Equation 2

A

S
vSS v

v
bhrbMbMbbPGA ln)ln()6()6()ln( 22

5
2

321 +++−+−+= (2)

(Boore et al. 1997) was used to calculate the Peak Ground Accelerations (PGAs) that could be
expected at each site.  The parameters b1SS, b2, b3, b5, bv, and vA, are parameters given by Boore et al.
(1997) for the peak accelerations at zero period, and are given here in Table 2.  The parameter b1SS is
the value of b1 for strike-slip events.  The parameter h is “a fictitious depth that is determined by the
regression” (Boore et al. 1997), and a value of 7, recommended for a range of periods between 0.120
and 0.240 seconds, is adopted here.  Boore et al. (1997) give no assessment of the uncertainties of the
values that they recommend for h.  M is the moment magnitude (Mw) of the earthquake and the model
has a maximum limit of M = 7.5, which is accordingly the value used here.  We note that Mw 7.5 is
less than the assessed maximum magnitude of the Wairau or Awatere Faults.  The surface distance to
the fault is r, and vS is the average shear wave velocity to a depth of 30 m.

An average shear wave velocity vS  = 2400 m/s was calculated for greywacke basement (rock site)
using a typical value of the P-wave velocity of vP = 4.0 km/s (Hicks 1977), and Poisson’s ratio of 0.22
(Kleffman 1999).  The model of Boore et al. (1997) was designed for use in North America, and there
will be some difference between parameters appropriate there and those for New Zealand.  However
recent New Zealand models (e.g. Cousins et al. 1999) are not useable here, because of their limitation
of a minimum 10 km distance between source and site.

Table 2:  Modelling Parameters

Parameter b1SS b2 b3 b5 bv vA h M vS

Value -0.313 0.527 0 -0.778 -0.371 1396 7.0 7.5 2400

In the modelling, the reference site (BDF) was taken to be a rock site.  The elevation of the site and its
proximity to the Wither Hills make this a reasonable approximation.  The PGAs for the remaining
sites were estimated by calculating PGA using equation 2 and then applying the relative amplification
factors inferred from the site responses, averaged over the frequency bands 1-2 Hz, 2-4 Hz, 4-6 Hz,
and 6-8 Hz.  PGAs were also calculated at inferred resonance peaks.  This produced a range of PGA
values for each site.  The maximum of the n-s and e-w components was taken when both were
available.  Frequencies over 8 Hz were not considered because of the effects from the reference site at
these frequencies.   The estimated PGAs were then converted into Modified Mercalli Intensities using:
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347.0
384.0)log( +

=
PGAI MM (3)

(Dowrick, 1989).  Equation 3 only holds for I MM ≤ 9, so greater values are left as “9+”.

Table 3:  Scenario modelling results

Site Awatere Fault Wairau Fault

Distance
from fault

(km)

PGA (g) Intensity
(MM)

Distance
from fault

(km)

PGA (g) Intensity
(MM)

BBR 13 0.2 – 0.7 8.0 – 9+ 5.1 0.4 – 1.0 8.5 – 9+

BCD 13 0.1 – 0.2 7.1 – 7.8 5.5 0.1 – 0.3 7.6 – 8.2

BDF 16 0.14 7.3 3.3 0.27 8.1

BHR 18 0.1 – 0.3 7.1 – 8.1 0 0.2 – 0.6 8.1 – 9+

BNM 13 0.3 – 1.0 8.2 – 9+ 5.0 0.4 – 1.4 8.7 – 9+

BSR 21 0.1 – 0.3 7.3 – 8.1 2.6 0.3 – 0.6 8.3 – 9+

BSS 15 0.1 – 0.5 7.6 – 8.9 3.4 0.3 – 0.9 8.3 – 9+

BWF 12 0.1 – 0.3 7.6 – 7.8 6.6 0.2 – 0.3 7.9 – 8.2

The results of the modelling are given in Table 3.  At most sites, the calculated intensities for an
earthquake on the Wairau Fault are at least MM VIII and possibly more than MM IX.  A maximum
peak ground acceleration of 1.4 g was calculated for site BNM, with most others in the range 0.2 to
0.6 g.  The sites are further from the Awatere Fault than from the Wairau, yet an earthquake on the
Awatere fault could still produce intensities of MM VII to VIII, with some sites possibly experiencing
MM IX or more.

4 CONCLUSIONS

An assessment of the relative response to weak earthquake motion of eight sites in and around
Blenheim, and an assessment of nearby Marlborough faults as earthquake sources, have produced an
assessment of earthquake shaking hazard in Blenheim.  The limitations of the assessment include:

• A large uncertainty in the hazard assessment arises from the range of times between earthquakes
on the key Wairau and Awatere faults.  Insofar as this range represents real variability it represents
an irreducible uncertainty in the hazard estimates.

• Uncertainties in the attenuation model (equation 2) and in the conversion of PGA to MMI
(equation 3). The uncertainties arise from many causes, but include the use of a model derived
from overseas data, principally Californian, because of the absence of very near fault data in New
Zealand.

• The imposition of a maximum magnitude of 7.5, required by the limitation of the attenuation
model, when the nearest faults have been assessed to potentially yield larger earthquakes.  Other
uncertainties aside, this implies that the motions in and around Blenheim from future Wairau or
Awatere earthquakes could be larger than those indicated in Table 3.

• The assumption that the relative site responses, calculated for weak motions, will apply to strong
seismic motions.  However, the range of responses to strong motion is unlikely to be greater than
that found here, except possibly for sites on known soft ground.
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