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ABSTRACT: The Porters Pass fault (PPF) has a 40 km-long active trace and is a
prominent element of the Porters Pass-Amberley Fault Zone (PPAFZ) which forms a
broad zone of active earth deformation 100 km long, 60-90 km west and north of
Christchurch. The fault has produced repeated large magnitude earthquakes over the last
10,000 years (i.e. the Holocene) and contributes significantly to seismic hazard in the
Canterbury region.

The amount of slip/event and the timing of paleoearthquakes are crucial components
needed to estimate the earthquake potential of a fault. Clustering of offset geomorphic
features suggest that four to five earthquakes of 5-7 m/event occurred on the PPF during
the Holocene. Timing information was obtained from radiocarbon dated organic samples
from excavations across the fault. These data suggest that at least four earthquakes have
occurred during the Holocene with an average recurrence interval of ~2000-2500 years.

The combination of geometric, slip rate and timing data has enabled an estimated
magnitude range of prehistoric earthquakes on the PPF/PPAFZ of between Mw6.9 and
Mw7.7. Using these data and a recent attenuation model, the earthquake peak ground
acceleration (pga) likely to be experienced in Christchurch due to a PPF rupture is
between 0.07 and 0.18 g.

1 INTRODUCTION

Earthquakes occur mainly in the earth’s crust and result in fault slip which may take place repeatedly
over millions of years. Most earthquakes occur at or near plate boundaries where they reflect strains
induced by jostling of tectonic plates. New Zealand straddles a plate boundary (Figure 1) and has
experienced many earthquakes since the arrival of Maori people over 800 years ago. Prior to European
settlement over 150 years ago, we rely on studies of active-fault traces to provide information on large
paleo-earthquakes which ruptured the ground surface.
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 Zealand’s main structural features associated with the obliquely convergent Australia-
 zone and the location of the Porters Pass fault.

lt (PPF) is mainly strike slip and forms an active trace in the eastern foothills of
The fault is a prominent element of the Porters Pass-Amberley Fault Zone
s a broad zone of active earth deformation c. 100 km long, 60-90 km west and

ch (Cowan, 1992). Historically no fault within the PPAFZ is known to have
surface during an earthquake and no large magnitude events have been recorded

F is clearly defined by a series of discontinuous Holocene active traces from Lake
he Waimakariri River, a distance of c. 40 km. The fault strikes approximately
otion vector resulting in a predominately right lateral strike-slip sense of motion.

up to 5 m, with both reverse and normal dip slip. The prominence of the fault at
uggests that it has produced repeated large magnitude earthquakes over the last
 Holocene) and could contribute significantly to seismic hazard in the Canterbury
of earthquake magnitudes and frequencies on this active fault is therefore

to assess its likely impact on buildings and engineering structures. To better
micity of the PPF a study as part of an M.Sc. thesis was undertaken (Howard,

 et al., 2001).

, three surface-rupturing earthquakes were proposed for the PPF at 500-700 years
rs B.P. and 7500-10,000 years B.P. (Burrows, 1975; Coyle, 1988;. Cowan et al.,
currence intervals of 1300-5000 years. The timing of these events, however, was
nd the timing of paleo-earthquakes was poorly constrained by comparison with
portant faults elsewhere in New Zealand (e.g. Alpine fault, Hope fault and

CTONIC SETTING

tive faulting reflect New Zealand’s location on the boundary between the
ic plates (see Figure 1). This plate boundary may have initiated over 40 Ma ago
0 Ma has comprised opposed-dipping subduction systems linked by the Alpine
990). The Alpine Fault forms a strong lineament on satellite images and extends
00 km northwards from Milford Sound along the western side of the Southern

e Hikurangi Margin oceanic crust of the Pacific Plate has been subducted beneath
alian continental crust. Convergence increases in obliquity southwards, while the
ative plate motion vector decreases southwards from about 53 mm/yr to 37 mm/yr
). Oblique convergence results in both right lateral and reverse fault displacements
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in the upper plate.

The Puysegur Trench lies southwest of Fiordland where subduction is in the opposite direction to the
Hikurangi Margin, with oceanic crust from the Australian Plate passing beneath the oceanic crust of
the Pacific Plate.

The Marlborough Fault System (MFS) accommodates the change from east dipping Alpine Fault to
west dipping subduction zone of the Hikurangi margin. The MFS covers parts of Marlborough, north
Canterbury and offshore northeastern South Island (Pettinga and Wise, 1994) and is composed of a
number of right-lateral faults that generally strike parallel to the plate vector and splay from the Alpine
Fault. The PPF is the southward continuation of the MFS.

3 DISPLACEMENT DETERMINATION

The PPF offsets numerous geomorphic landforms, with predominantly right-lateral strike-slip
displacements (Figure 2). These displacements are inferred to have accrued principally during
repeated moderate to large magnitude earthquakes, with larger magnitude events generally producing
greater fault slip and rupture length (e.g. Wells and Coppersmith, 1994). Therefore, by comparison
with empirical data from historical earthquakes in Wells and Coppersmith, for example, with data
from prehistoric earthquakes, the magnitudes of the latter can be estimated. Documentation and
analysis of displacements along the PPF therefore provides a means of estimating the magnitude of
prehistoric earthquakes. Displacement data can be combined with timing data to determine recurrence
interval/frequency of seismic events.

Displacement of geomorphic features such as abandoned stream channels, ridge crests and flanks, and
channel walls were measured at twenty-five sites along the fault. Vertical and horizontal separations of
these offset features were obtained using tape measure and EDM topographical surveying equipment.
Displacement data were collected using tape measure where linear landscape elements are offset by,
and could be correlated across, the fault.

Figure 2: Oblique aerial photograph of PPF between Porters Pass and Lake Lyndon facing south.
White arrows show position of fault scarp. Right-lateral movement (block arrows) has been measured
by taping the distance along the fault between the abandoned stream channel (black arrow) and the
modern channel (adjacent white arrow). Photo by Lloyd Homer.
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Using an EDM and theodolite, the positions of offset streams and channels were located relative to the
steeply dipping fault. In one example near Porters Pass, offset channel axes above and below the fault
scarp were projected graphically onto the fault plane which enabled ‘piercing points’ to be established
(Figure 3). It is assumed that prior to faulting these channels coursed approximately parallel to the hill
slope, which is normal to fault strike. On another site, west of Porters Pass, topographical surveying
provided a basis for matching topography across the fault and estimating the amount of fault
displacement by restoring topography to a pre-faulting configuration.

Figure 3: Streams (long arrows) displaced by the PPF (dotted line) near Porters Pass were measured using survey
equipment to quantify offset amount.

The process of inferring displacement per event from offset markers is based on the premise that all of
the offset is coseismic, i.e. that there is no aseismic creep. This assumption is supported for the PPF by
the lack of deformation of four penstocks built across the fault almost 90 years ago (Figure 4).

Clustering of horizontal displacements show the cumulative displacements for an estimated 1 to 5
earthquakes (Figure 5). These preferred estimates were derived by using the minimum number of slip
events necessary to account for the observed strike-slip displacements. The preferred cumulative
displacements for 1 to 5 earthquakes are not unique as the overlap in errors on displacement
measurements mean that it is sometimes difficult to unequivocally determine the size of individual
earthquakes based on this information alone. It would be possible, for example, to introduce an
additional event within the accumulated displacement range of 17-28 m.

For the preferred earthquake-slip model five events account for the 33 m with slip/event ranging from
5-7 m. A larger event associated with earthquake 3 is supported by trench data, which indicates a
relatively greater seismic event. On average the five earthquakes required to produce a horizontal
separation of ~33 m would have been accommodated by ~6.5 m/rupture. Thus given the available data
the PPF could be regarded as being broadly characteristic in displacement terms. However, the lack of
deformation of glacial deposits south of Lake Coleridge suggests only one paleo-earthquake has
ruptured the southwestern end of the fault at the surface since their deposition and so rupture length
during individual earthquakes was not constant.
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Figure 4: Penstocks at Lake Coleridge are undeformed by PPF trace (arrows).

Figure 5: Summary graph of horizontally displaced geomorphic features along the PPF.

4 TIMING OF EARTHQUAKES

A critical component of this project was to establish the timing and magnitude of past surface
rupturing earthquakes on the PPF. These estimates are important for defining the earthquake potential
of the fault, which is essential for evaluating the associated seismic hazard. In addition to this, the
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earthquake history provides key kinematic information about how the fault has grown and how it may
be interacting with adjacent structures.

Trenching across active faults to establish the timing of past earthquakes is an important part of paleo-
earthquake studies. Radiocarbon dating (14C) of preserved organic material beneath the surface is used
to date stratigraphy, which in some cases may be deposited immediately after fault rupture, or may
bracket the timing of formation of fault strands. This provides the most accurate means of constraining
the timing of prehistoric earthquakes and allows the definition of a window within which the event
must have taken place. If possible, trenches are located across sites of preferential accumulation of
organic materials (e.g. swamps) whose development is influenced by fault activity, providing the
stratigraphic and timing data necessary to constrain the occurrence of rupture events, with a direct link
between the fault and stratigraphy.

The timing of paleo-earthquakes on the PPF was constrained using data from five trenches (one of
these trenches was part of a previous study) and one hand auger site, with additional information
provided by landforms which pre and post-date past earthquakes. Trench locations were identified in
the field area where accumulation of organic material adjacent to the fault scarp was considered most
likely to have occurred. Three of the four excavated trenches were located on the western part of the
PPF near Lake Coleridge, with the remaining trench located at Porters Pass to the east. These data are
augmented by information from a previous trench sited within 10 m of trench 1 near Lake Coleridge
(Wood et al., 1989) and from a road batter at Porters Pass (Cowan et al., 1996).

The most unequivocal data was obtained in the trench at Porters Pass where interpretation of data
indicates that at least four and as many as six earthquakes have occurred during the Holocene on the
PPF. The timing data from the other localities shows that the proposed timing of these events is
consistent between the different data sets (Figure 6).

Figure 6. Summary of earthquake timing data along the PPF. Vertical lines indicate possible age range of
earthquake event. Preferred ages (shaded boxes) derived by considering all data on table. Horizontal lines show
approximate earthquake timing. Question marks denote timing of possible earthquakes.
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Data for events 1, 2 and 4 (event one being the most recent) are from more than one location and have
enabled the timing of earthquakes to be constrained in the east of the field area near Porters Pass.
From oldest to most recent, preferred ages for fault rupture in years B.P. are 8500 ± 200, 5300 ± 700,
2500 ± 200 and 1000 ± 100. Additional events may have occurred at 6200 ± 500 and 500 ± 100 years
B.P. The ambiguous nature of trench 4 data regarding the most recent event horizon, together with the
lack of evidence from other sites means that this cannot be confirmed. In the west of the field area,
near Lake Coleridge, only the 2500 ± 200 event could be identified, supporting the notion that the PPF
does not always rupture along its full length. As a result, displacement and timing data give slip rates
in the west and east of 0.3-0.9 mm/yr and 2.5-3.7mm/yr respectively.

Recurrence interval is derived by estimating the average time between earthquakes, and ranges from
1700-2500 years in the east and ≥7500 years in the west.

5 HAZARD POSED BY PPF

Because the PPF has not experienced historic coseismic ruptures, the magnitude of past (pre-historic)
earthquakes is most accurately determined by using field data for the single-event displacements and
rupture lengths of these events. Estimates of earthquake magnitude rely on the ability to correlate fault
geometry with earthquake magnitude and are useful for determining past magnitude of the PPF
because they do not rely on historical seismicity.

The moment magnitude scale (Kanamori, 1977; Hanks and Kanamori, 1979) is useful for determining
the energy release of an earthquake based upon paleoseismic data. This scale incorporates the seismic
moment (Mo) which represents the energy released at the source. Wells and Coppersmith (1994) also
correlate fault-rupture length and area with magnitude using empirical relationships from a worldwide
historical earthquake database. To determine the magnitude of a PPF earthquake, both of these models
were used with rupture scenarios that compared a rupture along only part of the PPF (32 km length)
compared with a full rupture along this fault and the PPAFZ, a distance of 100 km. A range of average
coseismic displacement of 4-8 m was used in order to account for the distribution of displacement
data. An average of rupture models with different rupture length scenarios suggests that the PPF would
produce a Mw6.9-7.7 earthquake. Peak ground acceleration predicted by the Stirling et al. (2000)
attenuation model (assuming Class B site conditions) is 0.07 to 0.18 g for the main South Island
population centre of Christchurch. This is less than the 150 year design peak ground acceleration of
0.28 g predicted by Stirling et al. (1999).

6 CONCLUSIONS

• The PPF is part of the PPAFZ and is an active fault within 60 km of the population centre of
Christchurch.

• The horizontal offset of geomorphic features across the PPF were measured using a tape and
survey equipment. Clustering of these data suggest that earthquakes on this fault produce 5 – 7 m of
displacement.

• Timing of past earthquakes was determined primarily by radiocarbon-dating organic horizons in
four trenches excavated across the fault. At least four events in the last 10,000 yrs could be identified
on the eastern part of the PPF giving an earthquake recurrence interval of 1700 – 2500 yrs.

• Slip rates during the Holocene on this part of the PPF are as much as 3.7 mm/yr, however the
identification of only a single Holocene event on the west of the PPF gives a lower slip rate of 0.9
mm/yr. This suggests that the fault is segmented and does not always rupture along its full length
during an earthquake.

• The expected magnitude on the PPF has been derived using empirical models which rely on fault
geometry and movement rates and is between Mw6.9 and 7.7. Peak ground acceleration in
Christchurch as a result of PPF rupture is expected to be between 0.07 and 0.18 g.
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• The fault has the potential to cause significant damage and loss of life in the region.
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