











Photo featured in Figure 5 without annotations (Photo by GT Hancox, 2002).
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APPENDIX B LANDSLIDE AND ENVIRONMENTAL CRITERIA FOR NZ
MODIFIED MERCALLI INTENSITY SCALE

Landslide and Environmental Criteria for N.Z. Modified Mercalli Intensity Scale

MODIFIED MERCALLI (MM) INTENSITY SCALE — Landslide and Environmental Criteria

MM6 = Trees and bushes shake, or are heard to rustle. Loose material dislodged on some slopes, e.g. existing slides, talus and scree slope.
= A few very small (<103 m3) soil and regolith slides and rock falls from steep banks and cuts.
= A few minor cases of liquefaction (sand boil) in highly susceptible alluvial and estuarine deposits.
MM7 = Water made turbid by stirred up mud.
= Very small (<10® m?) disrupted soil slides and falls of sand and gravel banks, and small rock falls from steep slopes and cuttings common.
= Fine cracking on some slopes and ridge crests.
= A few small to moderate landslides (103 —105 m3), soil/rock falls on steep slopes (>30°) on coastal cliffs, gorges, road cuts/excavations etc.
= Small discontinuous areas of minor shallow sliding and mobilisation of scree slopes in places. Minor to widespread small failures in road cuts
in more susceptible materials.
= A few instances of non-damaging liquefaction (small water and sand ejections) in alluvium.
MM8 = Cracks appear on steep slopes and in wet ground.
= Significant landsliding likely in susceptible areas.
= Small to moderate (103-10% m?) slides widespread; many rock and disrupted soil falls on steer slopes (terrace edges, gorges, cliffs, cuts etc).
= Significant areas of shallow regolith landsliding, and some reactivation of scree slopes.
= A few large (105-106 m3) landslides from coastal cliffs, and possibly large to very large (>106 m3) rock slides and avalanches from steep
mountain slopes.
= Larger landslides in narrow valleys may form small temporary landslide-dammed lakes.
= Roads damaged and blocked by small to moderate failures of cuts and slumping of road-edge fills.
= Evidence of soil liquefaction common, with small sand boils and water ejections in alluvium, and localised lateral spreading (fissuring, sand
and water ejections) and settiements along banks of rivers, lakes, and canals etc.
MM9 = Landsliding widespread and damaging in susceptible terrain, particularly on slopes steeper than 20°. Cracking on flat and sloping ground.
= Extensive areas of shallow regolith failures and many rock falls and disrupted rock and soil slides on  moderate and steep slopes (20°-35°
or greater), cliffs, escarpments, gorges, and man-made cuts.
= Many small to large (103-106 m3) failures of regolith and bedrock, and some very large landslides (106 m? or greater) on steep susceptible slopes.
= Very large failures on coastal cliffs and low-angle bedding planes in Tertiary rocks. Large rock/debris avalanches on steep mountain slopes
in well-jointed greywacke and granitic rocks. Landslide-dammed lakes formed by large landslides in narrow valleys.
= Damage to road and rail infrastructure widespread with moderate to large failures of road cuts slumping of road-edge fills. Small to large cut
slope failures and rock falls in open mines and quarries.
® Liquefaction effects widespread with numerous sand boils and water ejections on alluvial plains, and extensive, potentially damaging lateral
spreading (fissuring and sand ejections) along banks of rivers, lakes, canals etc). Spreading and settlements of river stop banks likely.
MM 10 = Landsliding very widespread in susceptible terrain @
= Similar effects to MM9, but more intensive and severe, with very large rock masses displaced on steep mountain slopes and coastal
cliffs. Landslide-dammed lakes formed. Many moderate to large failures of road and rail cuts and slumping of road-edge fills and embankments
may cause great damage and closure of roads and railway lines.
= Liquefaction effects (as for MM9) widespread and severe. Lateral spreading and slumping may cause rents over large areas, causing extensive
damage, particularly along river banks, and affecting bridges, wharfs, port facilities, and road and rail embankments on swampy, alluvial or
estuarine areas.
NOTES:

(1) “Some or ‘a few’ indicates that threshold for an effect or response has just been reached at that intensity. Effects below MM 6 generally insignificant in NZ.

(2) Intensity is principally a measure of damage. Environmental damage (response criteria) occurs mainly on susceptible slopes and in certain materials, hence the
effects described above may not occur in all places, but can be used to reflect the average or predominant level of damage (or MM intensity) in a given area.

(3) Environmental response criteria have not been suggested for MM11 and MM12, as those levels of shaking have not been reported in New Zealand. However,
earlier versions of the MM intensity scale suggest that environmental effects at MM11 and MM12 are similar to the new criteria proposed for MM9 and 10 above,
but are possibly more widespread and severe.

(4) This appendix is based on Hancox et al. 1997, 2002.
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APPENDIX C WAIHI LANDSLIDE, HIPAUA GEOTHERMAL AREA, LAKE
TAUPO - SIZE OF POTENTIAL TSUNAMI

The best available guide to the size of a future tsunami caused by a large landslide in this
location appears to be the historical description of the tsunami that followed the 1910
landslide at Waihi, and of the probable tsunami following the 1846 landslide.

The NZ Historical Tsunami Database (Downes, 2009) suggests that when the 1910 landslide
entered Lake Taupo it caused a surge of about 3m high in the near vicinity, which would
have decreased in height with distance from the source, but was still about 1m high possibly
as far away as Motutere, and caused a disturbance sufficient to dislodge canoes and boats
from the shore around the lake. (See database extracts below).

The distance at which the tsunami had dropped in height to ~1m is uncertain as it is based
on a newspaper account of children on the “opposite shore” having to be rescued after being
washed away. The database speculates that this could possibly have taken place as far
away as Motutere, but could also possibly be more local to Waihi.

Computer modelling of the 1910 event, and of future similar events, is made very difficult by
the uncertainties regarding the parameters of the landslide at the point at which it enters the
lake. It may however be possible to use modelling to judge the plausibility that a surge of
~3m above lake level in Waihi Bay / Tokaanu Bay would still be ~1m above lake level as far
away as Motutere.

According to the database the 1846 landslide probably caused a tsunami which was
interpreted at the time as the wake of a taniwha as it fled across the lake towards Motutere
and on towards Waikato. (See database extracts below).

Some preliminary modelling suggests that the peak of the initial wave caused by a landslide
at Waihi would likely propagate in a northeast direction across the lake, passing a few
kilometres offshore of Motutere, before heading in the direction of Taupo. This is broadly
consistent with the description of the Taniwha’s path and adds credence to the interpretation
that what was interpreted as the wake from the Taniwha was indeed a tsunami. It seems
likely that the amplitude of a tsunami wave would have to be at least a few tens of
centimetres for the path of the wave to be visible to observers on the shore. This appears
consistent with the description of boats and canoes being displaced from around the lake in
1910.

In the absence of other information it seems reasonable to make the assumption that the
slow decay in wave amplitude implied by these accounts is correct and likely to be
reproduced in future events.

Tsunami waves caused by landslides tend to have shorter periods than those caused by
earthquakes, and this limits their ability to penetrate inland. On the other hand land may be
developed much closer to water level around a lake than on the open coast.

Assuming that a surge of ~1m is sufficient to pose a threat to low-lying land this suggests
that, with the current limited knowledge, there may be some cause for concern in low-lying
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areas as far away as Motutere on the southeast coast and Poukura Pa on the west coast.

Smaller waves than 1m can still cause difficult currents for swimmers and users of small
boats. The account of canoes and boats being displaced by the 1910 tsunami around Lake
Taupo suggests that this could again happen in future events. Small waves might also be a
risk to people camping very close to the water because of the difficulty in exiting from a tent.

EXTRACTS FROM THE TSUNAMI DATABASE

1910

SOURCE EVENT SUMMARY

On March 10 1910 a large debris flow landslide fell from the 300m high Hipaua cliffs behind
the Maori village of Little Waihi, destroying the village and killing more than 50 people.
According to Cooper (2002), the cliffs are part of the Tokaanu-Waihi-Hipaua geothermal area
and overlook the south western tip of Lake Taupo from the lower slopes of the Kakaramea
volcano. The Hipaua cliff face has developed along the eroded south-eastern edge of the
Waihi Fault scarp.

The cliffs are known to have fallen previously in 1846 9q.v.), when the village was destroyed,
and many killed including a prominent Maori chief. At that time, another landslide 10 years
earlier, i.e. in 1836, prior to organised European settlement was mentioned.

Further description of the landslide location and contributing factors (fault scarp and
hydrothermal activity) in past and likely future landslides can be found in Cooper (2002).

PRIMARY DESCRIPTIVE ACCOUNTS

On March 20, hillside behind the Maori settlement of Waihi, a mile [1.6 km] west of
Tokaanu, on the shores of Lake Taupo, began slipping, carrying whares, houses, and
everything in its track 1.5 m [2.5 km] to the lake. The landslide spread out about 60 m into
the lake in deep water. There was little warning, and one person was killed and others were
injured by falling debris. As the hill continued to slide, people left the village. The landslide
was only a short distance from the location of another major landslide in March 1846, when
the village of Te Rapa was overwhelmed, and all the inhabitants were killed except three.
Further particulars of the landslide at Waihi show that the person killed was knocked down by
a big boulder, and as he rose and attempted to run away the body of the landslip
overwhelmed him. As the landslide entering Lake Taupo, caused a surge that rose 10 ft (3
m), which then swept to the opposite shore [location unknown], where some children were
playing. The children were swept off their feet, but were rescued by adults with some
difficulty. All boats and canoes on the lake were washed away. The slip started a thousand
feet [300m] above the lake level, a mile and a half [2.5 km] from the shore. Fissures 200 ft
[60 m] deep were caused, and mud 30ft [10 m] deep covered the road from Tokaanu to
Waihi. (Evening Post, 22 March 1910; also in other papers)
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TSUNAMI IMPACT SUMMARY

As the large landslide March 10 1910 that fell from 300 m cliffs into Lake Taupo destroying
Little Waihi village in its path, entered the lake, it caused a 3 m high surge. The surge then
swept to the “opposite” shore where some children, swept off their feet, were rescued with
some difficulty by adults. Canoes and boats were washed away. The height of the surge on
the opposite shore and its location are unknown, possibly as far away as Motutere, possibly
more local to the village, noting that the shoreline of the lake may have changed since 1910.
The height of the surge needs to be at least 0.5 metre to have caused the children problems,
but probably no more than 1-1.5 m, otherwise there would have been greater impact.

1846

PRIMARY DESCRIPTIVE ACCOUNTS

On May 7 1846, a large landslide fell from the thermal cliffs [Hipaua Cliffs] behind the village
at Te Rapa, overwhelming it and burying it in 3 m of mud and rocks, killing 54 people.
Following the landslide, it was reported that, "The natives say that afterwards the Taniwa fled
across the lake to Motutere and thence to Waikato, whence he will go to the sea and perish
there; they shall be no more troubled with him; they saw the splash of his tail as he crossed
the lake." (New Zealand Spectator & Cook's Strait Guardian 1 July 1846).

TSUNAMI IMPACT SUMMARY

In 1846, on May 07, the Hipaua Cliffs behind the village of Te Rapa suddenly collapsed in a
landslide that buried the village in mud reportedly to a depth of 3 m. Fifty four of the 56
people in the village were killed in the landslide, which flowed into the lake carrying trees with
it.

The site was devastated again and many killed by a landslide from the same source in 1910
March 20 (g.v.). On that occasion, a tsunami occurred in the lake, the surges being large
enough to cause problems for some children in the water on the opposite shore (Motutere?).

While no waves or surges are mentioned in the account of the 1846 event, a taniwa [taniwha]
is, i.e. “The natives say that afterwards the Taniwa fled across the lake to Motutere and
thence to Waikato, whence he will go to the sea and perish there; they shall be no more
troubled with him; they saw the splash of his tail as lie crossed the lake” (New Zealand
Spectator & Cook's Strait Guardian 1 July 1846). According to King et al. (2007), events
involving large waves, storm surges and tsunamis were commonly explained as the work of
taniwha in Maori traditional stories. In light of this, it is likely that the taniwha in the lake after
the landslide in 1846 represents a tsunami.

The occurrence of a tsunami is given a validity of 3 (probable).

Interestingly, the account indicates another landslide 10 years before 1846, before organised
European settlement.
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