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1.0

INTRODUCTION

Steep mountain slopes surround Lakes Tekapo, Pukaki and Ohau and rise to more than 1000 m above lake
level (Figure 1). Large scale landslides from these slopes have the potential to generate impact waves or
tsunami that could put at risk vulnerable populations or important infrastructure around the lake shores. A
recent study commissioned by Environment Canterbury (GNS 2015) identified a number of areas of slope
around the lakes that could generate large rapid landslides. In response, Environment Canterbury has
engaged Golder Associates (NZ) Ltd (Golder) to evaluate whether the identified landslides or slopes present
a significant hazard to developments around the lake shores.
This study only relates to terrestrial landslides and does not consider the effects of sub-aqueous slope
failures or earthquake induced seiche.
This report should be read in conjunction with GNS 2015, which presents background and a preliminary
(desk based) assessment of the tsunami hazard in the Mackenzie lakes. The GNS report identified:



Four potential landslide sources around Lake Tekapo that could create tsunamis with wave run-up
heights of 0-25 m at some point on the lake shore (i.e., not necessarily at Lake Tekapo Village).



One potential landslide source on the edge of Lake Pukaki that could produce wave run-up heights
of 0-25 m at some point on the lake shore.



Three potential landslide sources around Lake Ohau that could produce wave run-up heights
of 0-25 m at some point on the lake shore.

The estimated wave run-up heights produced by GNS and listed above are based on preliminary
assessments that include worst case landslide scenarios and wave heights that may occur in close proximity
to the source. In reality, the height of landslide generated tsunamis are dependent on:








proximity of the landslide to the point of interest
size and geometry of the landslide
volume of the landslide body that is/is-not submerged
rate of failure and/or impact
geometry of the lake (bathymetry) and surrounds (topography).
directivity effects associated with above attributes

This report presents the results of a field visit which comprised a helicopter fly over on 14 March 2016 and
some limited site walkovers on 14 and 15 March 2016 by an engineering geologist from Golder Associates at
possible landslide source areas around the southern end of Lake Tekapo identified by GNS (2015). This
report addresses the scope of work described in the proposal prepared by Golder (P1546369_7407-001-PRev0, 4 December 2015) in response to an Environment Canterbury request for tender titled “Mackenzie
lakes – landslide tsunami investigation”.
To assess the significance of tsunami hazard requires consideration of “likelihood”, rather than just
“possibility”, of a landslide generating a “significant” tsunami. The document titled “Tsunami Evacuation
Zones – Directors guideline for civil defence emergency management groups (DGL 08/16)” prepared by the
Ministry for Civil Defence (2016), recommends that the 2,500 year return period shoreline amplitude
elevation, at the 84th percentile confidence limit, should be considered for a simple evacuation zone
assessment. Therefore, in this report we consider if landslide sources will make a contribution to that return
period, along with the size of the associated tsunami.
The lakes that are the subject of this study were formed by glacial processes and the surrounding landscape
reflects glacial cycles from the previous few hundred thousand years. The bedrock in the area of the lakes
comprises bedded arenite and argillite of the Torlesse Group, which is generally collectively referred to as
‘greywacke’. The greywacke mountains have been eroded and scoured by glaciers and associated
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meltwater rivers that have both caused erosion and laid down sediments such as till, moraine, lake
sediments and glacial outwash gravels. Each of the three lakes reflect the terminus of the large valley
glaciers at the peak of the last glacial maximum around 18,000 years ago. The shorelines and adjacent
slopes show a sequence of lateral moraines reflecting about four sequentially smaller glacial advances. The
lake outlets each flow from what was the terminal moraine loop, and in the case of Lake Ohau several
sequences of advance have left concentric terminal moraine landforms. Barrell et al. 2011 provides an
excellent overview of glacial geomorphology of the central South Island and is useful context for this study.
The following sections describe the assessment of tsunami hazard at each lake in turn.

Figure 1: Topographic map showing the location of Lake Tekapo, Lake Pukaki and Lake Ohau.
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2.0

LAKE TEKAPO

GNS (2015) identified four potential terrestrial landslide sources that may contribute to the tsunami hazard
around Lake Tekapo, these are labelled A through D in Figure 2. In this section we review each landside
source then draw conclusions about landslide risk and provide recommendations for additional work.
For context, a companion study is currently being undertaken by NIWA. The NIWA study comprises a high
resolution lakebed bathymetry survey and geophysical investigations (shallow seismic surveys) of Lake
Tekapo. Preliminary results have identified evidence of landslide deposits on the lake bed at several
locations, but apart from location D, these appear to be sub-surface in origin (i.e., the deposits do not
comprise landslide material deposited into the lake that was sourced from above lake level).

Figure 2: Potential terrestrial landslide sources around Lake Tekapo (GNS 2015).
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The following sections describe our assessment of potential landslide sources around Lake Tekapo with the
location of each area shown on Figure 2.

2.1

Location A: Mistake Peak Range

Context
Mistake Peak Range is located at the northern end of the western side of Lake Tekapo. The eastern aspect
of the range slopes at 25° to 45° with some localised steeper slopes. The slope is a degraded greywacke
bedrock ice contact slope. Post-glacial geomorphic evolution of this slope has been dominated by debris
flows and creeping scree slides (e.g., Figure 3). This has resulted in a slope with areas of fresh bedrock,
weathered bedrock and gravelly soils up to around 10 m thick.
Location A is located north of the Irishman Creek Fault Zone, the nearest mapped active strand of which is
located beneath the lake less than 2 km from the base of the eastern aspect of Mistake Peak Range (Cox
and Barrell, 2007).
The bathymetry of the lake is shown in GNS 2015 Figure 6.3, which shows a gentle southward gradient of
the lake bed from the Godley River delta. Beneath the extent of Location A GNS 2015 indicates that the
maximum water depth is less than ~40m. Preliminary more recent and reliable data from NIWA suggest that
the water depth in this area is probably less than ~10m.
GNS 2015 identified this site as “Steep and very steep slopes above Holocene alluvial fans; no large
mapped landslides but many small shallow landslides present; slopes ~ 800 m above lake level”.
The assessment of landslide generated tsunamis from this area is based on landslides of 10,000 m3
to 500,000 m3 volume creating a possible maximum wave run-up height of 1 m to 3 m (GNS 2015). The
shortest distance by lake from this source to Tekapo is greater than 20 km.

Observations
This site was evaluated using Google Earth and inspected during the helicopter flyover. Our observations
corroborate with the description of this area by GNS (2015).
One area was identified as a potential source of a large volume landslide on the basis of an up-slope facing
scarp (or ‘ridge rent’) on the west side of the range extending across a ridge (e.g., Figure 4). Such features
relate to gravitational collapse of steep sided mountains and are common in the Southern Alps and can
potentially develop into landslides. We did not observe evidence of a large volume rapid landslide coming
from this source since the last ice age (in the order of 18,000 years ago). Such evidence would be expected
to manifest as a large scar representing the source and a significant deposit at the base of the slope. The
lake is relatively shallow beneath this range-front due to the sedimentation associated with the Godley River
delta situated at this northern end of Lake Tekapo. It is possible that the recent alluvial sedimentation in the
valley/lake floor at the base of the slope may have buried any evidence of older landslides with a significant
volume.

Interpretation
Because we did not observe evidence of a large landslide from this source area in the last ~18,000 years,
and due to the shallow adjacent lake, we believe the likelihood of a landslide-generated tsunami from this
site is very low. Furthermore, the area that would be subject to significant wave height would likely be
confined to the northern end of the lake where there is no infrastructure. However, there is a possibility that
a failure of the delta-slope beneath the lake surface could generate a tsunami. Assessment of delta front
collapse is outside the scope of the current study.
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Recommendations
Our assessment indicates that the terrestrial landslide generated tsunami hazard from potential landslide
source Location A is sufficiently low on the basis of existing evidence not to warrant further terrestrial
investigation.
Collapse of the delta front could represent a significant tsunami hazard which is outside the scope of the
current study. Consideration should be given to assessing this hazard.

Mistake Peak Range

Lake Tekapo

Figure 3: Mistake Peak Range looking approximately north.
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Lake Tekapo

Figure 4: Mistake Peak Range looking approximately southeast. Red arrows identify up-slope facing scarp in ridge
geomorphology.

2.2

Location B: Mt John

Context
Mt John is located on the western side of Lake Tekapo at the southern end of the lake, near Lake Tekapo
Village. The eastern slopes of Mt John, which face the lake, are composed of greywacke (Cox and
Barrell, 2007) bedrock and overlain by localised moraine deposits and colluvium. Mt John has a number of
terraces and lower slope angles (<25°) on the top surrounded by steeper slopes (up to 45°). Mt John is a
“roche moutonnee” which is a contact bedrock glacial landform formed by a Pre-Otiran glaciation. During
the late Otiran glacial advance the Tekapo glacier filled the depression that is now occupied by the lake
(Barrell et al., 2011). During the late Otiran glaciation ice was in contact with bedrock along the eastern side
of Mt John to various elevations over time.
Mt John is located within the active Irishman Creek Fault Zone, with mapped active fault strands located
within 5 km to the south and northwest.
The bathymetry of the lake bed off the southern end of Mt John is shallow near shore (i.e., ~< 20m depth)
and generally becomes deeper toward the northern end of Mt John (i.e., ~80 m depth within ~ 200m of the
shore line) (GNS 2015 Figure 6.3).
GNS (2015) identified two areas of potential landslides on the east side of Mount John, near Lake Tekapo
Village. They labelled the southernmost source B1 and the northernmost source B2 (Figure 5) with
estimated volumes of 600,000 m3 and 350,000 m3 respectively based on previous mapping. These potential
landslide volumes were used to estimate a possible maximum wave run-up height of 10 m to 25 m
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(GNS 2015). These potential landslides are located in close proximity to Lake Tekapo Village: source B1 is
located less than 200 m away and source B2 less than 2 km away.

Observations
Source areas B1 and B2 were visited by helicopter and on foot by an engineering geologist.
Source Area B1
The area comprises a series of bedding parallel scarps and a potential headscarp that both follows and
crosses bedding (e.g., Figure 6 and Figure 7). In the area visited by foot the geology comprises greywacke
bedrock and thin silty gravel soils.
Area B1 has the appearance of a deep-seated landslide, given the steep scarp and hummocky appearance.
However, we did not observe evidence of recent movement such as fresh scarps and tension cracks. We
agree with the interpretation of GNS that this could be a post-glaciation relaxation feature. Alternatively, the
feature may relate to ice ‘plucking’ when Mt John was beneath a glacier (i.e., a ‘roche moutonnee’).
Source Area B2
The area comprised lightly undulating topography on the ridge of Mt John and transitioned into a steep slope
(average ~34° with some sections steeper than 40°) down toward Lake Tekapo with a lower slope angle
(~18°) apron near the lake edge. A distinctive cross-slope ridge is present mid slope (5-20 m high upslope
facing aspect), which could be interpreted as a lateral moraine or a ridge rent (Figure 8 and Figure 9). The
slope was mantled with soil but is thought to comprise predominantly greywacke bedrock with colluvium
beneath the steeper slopes and possibly lateral moraine and alluvium overlying greywacke on the lower
angle portion of the slope near the lake.

Interpretation
Area B1
Though Source Area B1 has the appearance of a landslide, the evidence is equivocal. If it is a landslide it
may be active, dormant or relict, and it is also not clear how deep-seated the landslide is and whether the
base of the landslide may extend beneath lake level. However, preliminary results from the NIWA study
indicate that the adjacent corner of the lake is shallow, being filled with glacial deposits. The implications of
this are:
1)

If this is a deep-seated landslide, it may have been buttressed by the glacial deposits.

2)

If landslide movement occurs in this area, the adjacent lake is relatively shallow and the volume of
displaced water would be relatively small and less likely to create a significant tsunami.

3)

No bathymetric evidence of post-glacial rapid failure was observed (i.e., hummocky ground on the lake
bed).

However, the potential consequences of a large scale landslide movement in this area are significant
because it is close to Lake Tekapo Village. In addition the movement direction is likely to be directly towards
the township which may contribute to a greater wave height due to directivity effects and close proximity.
Area B2
Source Area B2 has the appearance of a landslide. However, we did not observe signs of recent activity;
and therefore, on the basis that we did not observe evidence of large-scale failure during the last ~18,000
years, we believe that the likelihood of rapid failure is currently low. However, based on discussions with
NIWA, we understand that the lake is quite deep at the toe of the landslide. Therefore, if rapid failure was to
occur at this location it would likely cause a significant tsunami in the vicinity of Lake Tekapo Village.
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Recommendations
Source Areas B1 and B2
Given the lack of evidence of deformation during the last 18,000 years while being exposed to numerous
Alpine fault and local earthquakes, rapid failure of Source Areas B1 and B2 are not believed imminent or
likely during the next 2,500 years. However, the consequences of these potential landslides are significant
for Lake Tekapo Village, which is why we recommend that additional investigations are commissioned to
better understand them.
In order to further understand the tsunami risk associated with these potential landslides, we recommend the
following steps:
1)

Detailed engineering geomorphological mapping and logging of exposures to develop a geological
model for the site. This should incorporate interpretation of the lake bed morphology and deposits. The
purpose of this would be to understand the extent and failure mechanism of the landslide and potential
landslide volume.

4)

Depending on the outcome from step 1, calculate or estimate the size of the tsunami and assess which
assets would be at risk from a tsunami that could be generated from this source. This would be part of
a hydrodynamic model that would account for wave propagation and wave run-up based on likely
landslide deformation rates and volumes.

5)

Depending on the outcomes from steps 1 and 2, undertake a limit equilibrium stability analyses of the
landslide to assess what conditions would likely cause slope failure, taking into consideration historical
conditions, including earthquakes that have not caused failure.
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Figure 5: Location and extent of potential landslide features on Mt John (Figure 5.5, GNS 2015).
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Figure 6: Looking south from within the B1.
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Figure 7: Looking west from helicopter at potential landslide source B1.
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< Mt John Observatory accommodation building

Lake Tekapo
Figure 8: Photo of potential landslide B2 looking northwest from Helicopter. Location of the star shows location of
Figure 9, and black arrows show the extent of the upslope facing scarp. Red dotted line shows approximate extent of
possible landslide based on Figure 5.
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Figure 9: Cross-slope ridge in potential landslide area B2. Photo taken looking east.

2.3

Location C: Mt Hay

Context
Mt Hay is located near the eastern shore of Lake Tekapo near the southern end of the lake. Mt Hay is a
bedrock (greywacke) ridge with bedding that appears to dip to the southwest. The west to northwest aspects
of Mt Hay face toward Lake Tekapo forming a scarp slope with slope-angles generally of 25° to 45° and
localised steeper slopes. The slope is about 300 m high and reaches to within about 300 m of the lake
shore. The slopes show evidence of recently active shallow creeping scree flows and debris flows.
Mt Hay is near the active Irishman Creek Fault Zone with the nearest mapped strands located within 10 km
to the west and northwest (Cox and Barrell, 2007).
The bathymetry of Lake Tekapo drops away very steeply from the shore near Mt Hay. Within 200 m of the
shore the lake bed is located at a depth of ~120 m (GNS 2015 Figure 6.3). This steep drop off likely reflects
a submerged ice-contact slope.
Potential landslide Source Area C is described by GNS 2015 as “Steep to very steep slopes; no known large
landslides but many small gullies present; slopes ~400 m high; large landslide identified ~1.5 km south of
Mt Hay” (GNS 2015 Table 5.6). GNS 2015 (Table 5-10) estimated possible maximum wave run-up heights
in the order of 0.5-3 m on the basis of estimated landslide volumes of 1,000 to 100,000 m3.
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Observations
No evidence was observed of large deep seated failures. Observations of Google Earth aerial images and
from the helicopter fly-over indicate that the slope between the base of Mt Hay and Lake Tekapo is strewn
with moraine deposits and bedrock is exposed along the beach (Figure 10 and Figure 11).

Interpretation
As there is a significant separation between the base of Mt Hay and Lake Tekapo there is not a significant
likelihood of a large volume landslide reaching the lake at this location.

Recommendation
Because the likelihood of a significant landslide reaching Lake Tekapo at this location is interpreted to be
very low, we recommend that no further actions are taken to evaluate this source.

Mt Hay

Colluvium
Moraine

Bedrock at
beach
Lake Tekapo
Figure 10: Looking south toward Mt Hay from helicopter.
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Figure 11: Looking east toward Mt Hay from helicopter.

2.4

Location D: Boundary Stream mouth

Context
Location D is situated on the eastern side of Lake Tekapo, approximately near the centre of the north south
extent of the lake. The geology and geomorphology at this site is dominated by glacial moraine and lateral
moraine ridges deposited and formed during the late Otiran glacial advance (Barrell et al., 2011). Locally the
lateral moraine ridges have been incised by Boundary Stream, which has formed an alluvial plain broadening
towards Lake Tekapo.
Location D is near the active Irishman Creek Fault Zone with the nearest mapped strands located ~8 km
north and ~7 km west (Cox and Barrell, 2007). An unnamed fault mapped as inactive has been identified in
the upper reaches of Boundary Stream and projects towards the site (Cox and Barrell, 2007).
The bathymetry of the lake presented in Figure 6.3 of GNS 2015, indicates a steep slope immediately
offshore at this location, which is interpreted to be a relict ice-contact slope that has retained its steep
morphology forming an approximately 100 m high submerged slope.
This potential landslide is approximately 12 km in a direct line from Lake Tekapo Village. The potential
landslide source area D is described by GNS 2015 as “Some steep to very steep slopes with moderate to
high landslide susceptibility; Large deep seated block failure identified on QMAP; a few shallow landslides.”
(GNS 2015 Table 5.6). GNS 2015 (Table 5-10) estimated possible maximum wave run-up heights in the
order of 10-25 m on the basis of estimated landslide volumes of 100,000 to 2,000,000 m 3.
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Observations
We made observations at this location from helicopter flyover and a site walkover:



Approximately lake edge parallel ridges resemble geomorphology associated with rotated blocks within
a rotational landslide body, there are several topographic steps that could be interpreted as a head
scarp (Figure 12). These ridges are similar to lateral moraine ridges that formed at the edge or end of
the glacier that occupied the Tekapo Lake during the last glacial advance. These moraine ridges are
prominent in the landscape all around Lake Tekapo. A key observation is that some of the ridges inside
the potential landslide area plunge more steeply than typical in the surrounding terrain.



There is a green, well vegetated area on the fan of Boundary Stream (Figure 12). This local depression
on the fan could have impeded drainage or have groundwater nearer the surface, allowing vegetation to
grow throughout the year. Such depressions can be formed by normal fan processes or by landslide or
active fault deformation of the fan surface subsequent to deposition.



The site walkover included inspection of exposures adjacent to the beach. These comprised a range of
materials, predominantly sandy gravels (till), although one exposure showed faulted thinly bedded to
laminated silts and sands (lake sediments) (Figure 13). One exposure revealed a juxtaposition of a
massive (i.e., thicker than the exposure) gravel deposit with the thinly bedded silt and sand (Figure 14).
This distribution of deposits could occur due to deformation adjacent to a glacier or could occur due to
internal deformation within a landslide body, or potentially be associated with recent tectonic
deformation.



Discussions with NIWA suggest that there is a landslide deposit on the lake bed immediately north of
this site.

Interpretation
Based on our field work there is potential for future slope movement at this site. This interpretation is based
on observations listed above, each of which could be attributed to alternative causes, but when considered
together are strongly indicative of previous slope movement.
Our preliminary interpretation is that this is a deep seated block failure and in accordance with GNS 2015
Table 5.6 on Page 47, this type of failure is “much less likely to generate tsunami waves”. It is not clear if
previous deformation occurred rapidly or in a creeping fashion. The possible deformation of the Boundary
Stream fan, suggests that deformation may have occurred relatively recently. Relaxation or localised
rotational slumping following glacial retreat is also a possible cause of these potential landslide features.
The landslide volume may be considerably larger than that estimated by GNS 2015 as the failure surface
may be considerably deeper than the 5 m GNS estimated. Given the potentially large volume of this
landslide and the fact that the lake bed drops off quickly to ~100 m depth near the shore, this site may be
able to generate a significant tsunami.

Recommendations
In order to further understand the tsunami risk associated with this landslide we recommend the following
steps:
1)

Detailed engineering geomorphological mapping and logging of exposures to develop a geological
model for the site. The purpose of this would be to understand the extent and failure mechanism of the
landslide and potential landslide volume.

2)

Study of the landslide deposits evident on the lake bed to estimate the volume of landslide materials
and if possible gain age constraint on the landslide deposit(s).
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3)

Calculate or estimate the size of the tsunami and assess which assets would be at risk from a tsunami
that could be generated from this source. This would be a deterministic model as it would aim to test
the impacts of the tsunami generated by the worst case scenario landslide. If the effect is significant
greater effort could be required to understand the likelihood of failure.

4)

Undertake a limit equilibrium stability analyses of the landslide to assess what conditions would likely
cause slope failure, taking into consideration historical conditions, including earthquakes that have not
caused failure.
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Figure 12: Looking east, to area north of Boundary Stream fan.
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Figure 13: Deformed, thinly bedded, sand and silt exposed in beach cliffs north of Boundary Stream.
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Figure 14: Juxtaposed gravels with thinly bedded silt and sand.
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2.5

Lake Tekapo Summary and Recommendations

Of the three lakes in this study Lake Tekapo has the most at risk due to the presence of the Lake Tekapo
Village at the southern end of the lake. The shape of the lake provides some protection from tsunami
generated north of Motuariki Island (Figure 2); and therefore, we conclude that:




The potential landslides on the flank of Mt John would likely have the greatest consequence,



The potential landslide sources on the side of Mistake Peak Range are unlikely to directly cause a
significant tsunami due to the shallow water depth (note that this may potentially trigger a subsurface
landslide that could cause a significant tsunami).



The potential landslide source identified on the side of Mt Hay provides a negligible tsunami hazard.

The potential landslide near the mouth of Boundary Stream may generate a tsunami; however, it is not
clear how large the waves would be at Lake Tekapo Village,

Recommendations for additional investigation and assessment to develop a better understanding of the
hazard are described in the previous sections. In terms of priority, we do not have sufficient information to
constrain the likely wave height that would be expected in a 2,500 year return period landslide generated
tsunami at Lake Tekapo Village. In order to further develop this understanding we recommend (in order of
priority):



Develop a hydrodynamic model of Lake Tekapo and assess the actual wave heights at Lake Tekapo
Village under worst-case to expected landslide scenarios (i.e., terrestrial and lake bed). This may
constrain which sources pose a significant risk to Lake Tekapo Village. This may highlight that only the
proximal landslide sources are capable of generating dangerous waves at Lake Tekapo Village.

It is pertinent to note that the evidence for terrestrial landslides that might generate tsunami is likely mostly
available in the geomorphology and geology of the lake bed rather than above lake level. Upton and
Ostergerger (2007) identified evidence of post last glacial maximum tectonic deformation, which is another
potential source of tsunami. Development of a hydrodynamic model would also allow the potential impact of
a fault rupture scenario to be assessed (e.g., lake bed displacement and shaking).
Depending on the results of the hydrodynamic model the following should be considered:




Staged additional investigations of the two potential landslide sources on the flanks of Mt John.
Staged investigations of the potential landslide source near the mouth of Boundary Stream.
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3.0

LAKE PUKAKI

Lake Pukaki occupies an abandoned trough formed by late Otiran glacial advances (Barrell et al., 2011) and
is surrounded by a landscape dominated by glacial erosional and depositional features that have been
degraded since their formation. Steeper hill country around the lake comprises eroded greywacke bedrock
and the lower portions of the valley side-slopes comprise lateral moraine deposits evidenced by extensive
lateral moraine ridges.
GNS 2015 identified one potential source area of landslides that could generate tsunamis (Figure 15), which
are discussed in the following report sections.

Context
GNS 2015 identified a series of potential landslide source areas along the northern portion of the western
side of the Lake Pukaki (area “A” Figure 15). The geology is dominated by glacial moraine deposited during
the late Otiran glacial advance (Barrell et al., 2011). However, older (Pliocene) Kowai Formation is mapped
along a higher level terrace (Cox and Barrell, 2007) but the potential landslide source areas (Figure A3.4,
GNS 2015) are in the late Quaternary moraine deposits.
The northern most mapped extent of the active Ostler Fault is at Whale Stream, less than 1 km from the ‘A1
Source’ area (Figure A3.4 GNS 2016).
Bathymetry data presented by GNS (Figure 6.2) indicates that the lake is less than ~10 m deep in this part of
Lake Pukaki.
GNS 2015 indicate that a large failure from this area could generate a tsunami in the range of 10 to 25 m in
height (GNS 2015 Table 5-10).

Observations
Observations were made of satellite imagery (Google Earth) and from helicopter reconnaissance. We did
not visit the site on foot.
The geomorpohology comprises steep greywacke bedrock hills that are separated from Lake Pukaki by a
terrace of lateral moraine ridges and a steep eroded ice contact slope that reaches to near lake level north of
Whale Stream and is separated from the lake by an apron of alluvial fans further north. Whale Stream rises
in the steep bedrock terrain and has deeply incised the terrace forming an alluvial fan adjacent to the lake.
Whale Stream has evidence of several significant landslides, particularly the northern side.
The landslide sources of identified by GNS involve the smaller catchments along the eroded ice contact
slope. However, based on inspection of the satellite images these actively eroding catchments are growing
by more frequent smaller slope failures, which are transported by alluvial processes and as debris flows.

Interpretation
We infer that the likelihood of a large failure from this area is very low because we have not seen any
evidence for old landslides or signs of distress such as scarps and tension cracks. However, based on the
cited evidence we cannot rule out the possibility of a future large failure in the identified source areas. Based
on the appearance of the fans associated with these catchments, small debris flows are the dominant fan
depositional mechanism. In accordance with GNS 2015 Table 5.7, “Channelized debris flows” and “Debris
floods and fans” are unlikely to generate tsunami waves. Furthermore, where the fans reach the lake the
water depth is relatively shallow and does not drop off steeply, further lowering the probability of tsunami
generation.
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While we believe there remains the possibility of a tsunamigenic landslide from area A Figure 15, we also
believe that the probability of generating a significant tsunami is sufficiently low from this source that it does
not warrant further investigation. Furthermore, there are very few residential assets near the shoreline of
Lake Pukaki; and therefore, the likely consequences are minor.
However, large debris flows and rapid building of alluvial fans could trigger a significant lake floor failure that
could lead to a significant tsunami. The bathymetric data presented in GNS Figure 6.2 shows a steep
underwater slope in the middle of the lake that may warrant further assessment. This is outside the scope of
the current evaluation.
We have not evaluated the potential effects of a tsunami on hydropower generation assets around Lake
Pukaki, which include Pukaki Dam and Tekapo B power station.

Recommendations
Our assessment indicates that the terrestrial landslide generated tsunami hazard from Source Area A is
sufficiently low to not warrant further investigation. However, the bathymetric data presented in GNS
Figure 6.2 shows a steep underwater slope in the middle of the lake that may warrant further assessment.
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Figure 15: GNS 2015 (Figure 5.3) potential landslide source around Lake Pukaki.
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4.0

LAKE OHAU

Lake Ohau occupies an abandoned trough formed by late Otiran glacial advances (Barrell et al., 2011) and
is surrounded by a landscape dominated by glacial erosional and depositional features that have been
degraded since their formation. Steeper hill country around the lake comprises eroded greywacke bedrock
and the lower portions of the valley side-slopes comprise lateral moraine deposits evidenced by extensive
lateral moraine ridges.
GNS 2015 identified three potential source areas of landslides that could generate tsunamis (Figure 16),
which are discussed in the following report sections.

4.1

Areas A and B:

Context
Potential landslide source Areas A and B comprise the southeast to southwest facing aspects of 1522 m
high Ben Ohau, which mostly slope steeply (e.g., average angle of approximately 30°) down to the lake
at ~520 m elevation (Figure 17). The slopes are composed of greywacke bedrock and overlain by thin soils
and scree deposits. Steep, debris flow dominated, alluvial fans have formed an apron at some locations
near the base of the slopes. The steep slopes are an eroded bedrock ice-contact slope that was probably
last in ice-contact during the larger late Otiran glacial advances associated with the moraines south of the
Lake Ohau. A subsequent smaller advance is responsible for the terminal moraine ridges around the
eastern end of Lake Ohau (Barrell et al., 2011).
Areas A and B are on the hanging wall of the active Ostler Fault, the surface trace of which is located less
than 10 km away.
Beneath Area A the lake bathymetry drops away to ~40 m depth near shore and then becomes gently
sloping (GNS 2015 Figure 6.1). Beneath Area B the lake bathymetry drops away to ~120 m depth near
shore before becoming relatively flat (GNS 2015 Figure 6.1).
Potential landslide source area A is described by GNS 2015 as “Steep to very steep slopes; evidence of
debris fans from shallow channelized debris flows. Potential for rockfalls and large failures directly into lake”
(GNS 2015 Table 5.3). Potential landslide source Area B is described by GNS 2015 as “Steep to very steep
slopes; channelized debris flows but limited evidence of large failures (GNS 2015 Table 5.3). Possibility for
rockfalls and large failures directly into lake”. GNS 2015 (Table 5-10) estimated possible maximum wave
run-up heights in the order of ~5-25 m on the basis of conservatively estimated landslide volumes of 100,000
to 1,000,000 m3 which are worst case landslide scenarios.

Observations
Observations were made on satellite imagery (Google Earth) and from helicopter reconnaissance. Neither
the source area nor Lake Ohau Alpine Village were visited on foot during this study.
There is abundant evidence of recent debris flows and creeping scree slopes in the form of scars from
source and transport areas and in terms of terrestrial deposits (e.g., Figure 18). No evidence of large slope
failures such as tension cracks, landslide deposits, etc. was observed.

Interpretation
Given the evident high rate of smaller debris flows and scree slides it is unlikely that evidence of a larger
failure would be retained above lake level. On the basis of the available data, it seems that this slope has
not generated large landslides since the last ice age.
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Recommendations
Our assessment indicates that the terrestrial landslide generated tsunami hazard from potential landslide
source Areas A and B identified on the edge of Lake Ohau by GNS 2015 is probably sufficiently low on the
basis of evidence cited to not warrant further terrestrial investigation. However, because of the steep slope
extending into the lake we have a low level of certainty that we would see evidence of a landslide capable of
generating a significant tsunami in the terrestrial geology or geomorphology. Therefore, to confirm our
interpretation we recommend inspection of the lake bed morphology to confirm that this slope does not have
a history of large volume landslides that is not recognisable in the terrestrial landscape. A subsequent stage
of investigation could include investigate the post glacial sediments beneath this slope (in the lake) using
seismic geophysical investigation techniques.
The decision to proceed with further investigation should consider:



The relatively close proximity of Lake Ohau Alpine Village to the source which is about 3 km away.
Wave propagation directivity effects may be a factor.



Considering that GNS estimated a possible wave height of up-to 25 m (Table 5.10 GNS, 2015) and
Lake Ohau Alpine Village is located about 25 m above the elevation of the lake, depending on other
assets and residences near the lake edge, the exposure to the hazard may be low.

4.2

Area C: Western Shore

Context
Potential landslide source Area C is located along the northern portion of the western side of Lake Ohau.
The geomorphology of this area comprises steep (25-35°) greywacke bedrock terrain dominated shallow
regolith landslides and scree slopes separated from the lake by a discontinuous narrow terrace (<25°) of
lateral moraine ridges truncated by alluvial fans formed by streams rising in the greywacke bedrock terrain.
Area C is on the hanging wall of the active Ostler Fault, the surface trace of which is located more
than 18 km away.
Beneath Area C the lake bathymetry drops away gently to ~40m depth before steepening down to a depth
of 120 m ~1.5 km off the lakeshore (Figure 19). This appears to be the continuation of a lateral moraine
which is evident onshore north of the northwest corner of the lake. This infers that the lateral moraine slopes
down to the south more steeply that the lateral moraine ridges on the east side of the northern branch of the
lake. This may be the result of penecontemporaneous processes or possibly Holocene tectonic deformation
– based on the available information it is not the result of landsliding.
Potential landslide source Area C is described by GNS 2015 as “Steep slopes located in close proximity to
the Lake Ohau Lodge but with limited evidence of existing or ancient large failures. Rock falls or large
landslide could fail directly into lake.” (GNS 2015 Table 5.3). GNS 2015 (Table 5-10) estimated possible
maximum wave run-up heights in the order of 1-25 m on the basis of estimated landslide volumes of 10,000
to 1,000,000 m3.

Observation
Observations were made on satellite imagery (Google Earth) and from helicopter reconnaissance. Neither
the source area nor Lake Ohau Alpine Village have been visited on foot as part of this study.
There is evidence for some active scree slopes and localised small regolith failures and debris flow paths in
the greywacke bedrock terrain. However, no evidence such as scarps or landslide debris, was observed of
significant landslides occurring into the lake in this area since the last ice age.
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Interpretation
There remains a possibility of a tsunamigenic landslide in this area, but we believe that the probability of a
significant sized tsunami is sufficiently low from this source that it does not warrant further investigation.

Recommendation
Potential landslide source Area C does not warrant further investigation.
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Figure 16: GNS (2015, Figure 5.1) Landslide susceptibility map identifying potential landslide sources.
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Lake Ohau
Alpine Village

Lake Ohau

Figure 17: Looking west to Lake Ohau Alpine Village with the steep south facing slope of Ben Ohau on the right.

July 2016
Report No. 1546369_7407-002-R-Rev1

29

MACKENZIE LAKES LANDSLIDE TSUNAMI INVESTIGATION

Figure 18: Left: Aerial image from Google Earth illustrating recent regolith failure and debris flow, Right: basic
interpretation of the geomorphology in the image on the left.
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Figure 19: Lake Ohau bathymetry (Figure 6.1 GNS 2015)
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5.0

CONCLUSIONS

This report has built upon research undertaken by GNS (2015) and evaluates landslide-generated tsunami
that could result from terrestrial landslides.
Geomorphic features have been recognised in several areas around the lakes that could represent tsunami
generating landslides.
Due to the presence of residential properties down to the lake shore, Lake Tekapo Village is considerably
more vulnerable to tsunami hazards than other locations around Lakes Pukaki and Ohau. For this reason
we recommend that investigations are prioritised for Lake Tekapo over the other two lakes. We recommend
that further investigations are undertaken at Lake Tekapo to gain a better understanding of the hazard. It is
unlikely the investigations will identify reasonable opportunities to reduce the hazard, but they should be
targeted at understanding what the likely 2,500 year return period wave height will be at Lake Tekapo
Village.
Regardless of the outcome of further investigations into landslide generated tsunamis, due to the faults in the
lake, the recommendation will be that following an earthquake, residents and visitors to Lake Tekapo Village
should move to higher ground once significant shaking stops.
Therefore, we recommend that the best value next stage may include:



Development of a hydrodynamic model of the lake and assess the landslide (terrestrial and subsurface)
and fault rupture generated tsunami hazard. This same model may also be used to assess seiche.



Mapping of the Mt John and Boundary Stream potential landslide sources to better understand their
activity.

6.0

LIMITATIONS

Your attention is drawn to the document, “Report Limitations”, as attached. The statements presented in
that document are intended to advise you of what your realistic expectations of this report should be, and to
present you with recommendations on how to minimise the risks to which this report relates which are
associated with this project. The document is not intended to exclude or otherwise limit the obligations
necessarily imposed by law on Golder Associates (NZ) Ltd, but rather to ensure that all parties who may rely
on this report are aware of the responsibilities each assumes in so doing.
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APPENDIX A
Report Limitations
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REPORT LIMITATIONS
This Report/Document has been provided by Golder Associates (NZ) Limited (“Golder”) subject to the
following limitations:
i)

This Report/Document has been prepared for the particular purpose outlined in Golder’s proposal and
no responsibility is accepted for the use of this Report/Document, in whole or in part, in other contexts
or for any other purpose.

ii)

The scope and the period of Golder’s Services are as described in Golder’s proposal, and are subject to
restrictions and limitations. Golder did not perform a complete assessment of all possible conditions or
circumstances that may exist at the site referenced in the Report/Document. If a service is not
expressly indicated, do not assume it has been provided. If a matter is not addressed, do not assume
that any determination has been made by Golder in regards to it.

iii)

Conditions may exist which were undetectable given the limited nature of the enquiry Golder was
retained to undertake with respect to the site. Variations in conditions may occur between investigatory
locations, and there may be special conditions pertaining to the site which have not been revealed by
the investigation and which have not therefore been taken into account in the Report/Document.
Accordingly, if information in addition to that contained in this report is sought, additional studies and
actions may be required.

iv)

The passage of time affects the information and assessment provided in this Report/Document.
Golder’s opinions are based upon information that existed at the time of the production of the
Report/Document. The Services provided allowed Golder to form no more than an opinion of the actual
conditions of the site at the time the site was visited and cannot be used to assess the effect of any
subsequent changes in the quality of the site, or its surroundings, or any laws or regulations.

v)

Any assessments, designs and advice made in this Report/Document are based on the conditions
indicated from published sources and the investigation described. No warranty is included, either
express or implied, that the actual conditions will conform exactly to the assessments contained in this
Report/Document.

vi)

Where data supplied by the client or other external sources, including previous site investigation data,
have been used, it has been assumed that the information is correct unless otherwise stated. No
responsibility is accepted by Golder for incomplete or inaccurate data supplied by others.

vii) The Client acknowledges that Golder may have retained subconsultants affiliated with Golder to provide
Services for the benefit of Golder. Golder will be fully responsible to the Client for the Services and
work done by all of its subconsultants and subcontractors. The Client agrees that it will only assert
claims against and seek to recover losses, damages or other liabilities from Golder and not Golder’s
affiliated companies. To the maximum extent allowed by law, the Client acknowledges and agrees it
will not have any legal recourse, and waives any expense, loss, claim, demand, or cause of action,
against Golder’s affiliated companies, and their employees, officers and directors.
viii) This Report/Document is provided for sole use by the Client and is confidential to it. No responsibility
whatsoever for the contents of this Report/Document will be accepted to any person other than the
Client. Any use which a third party makes of this Report/Document, or any reliance on or decisions to
be made based on it, is the responsibility of such third parties. Golder accepts no responsibility for
damages, if any, suffered by any third party as a result of decisions made or actions based on this
Report/Document.
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