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Executive Summary

711 is report summarises the published records of tsunami damage along the New Zealand
coastline and comments on the risk and expected effect of future large tsunamis.

A tsunami is a seismic sea wave usually generated by a sudden change in the
configuration of the sea floor which is often the result of a moderate-large earthquake.
Landslides, volcanoes or atmospheric conditions can also generate tsunamis. I listorically
tsunamis have caused huge destruction and loss of life in countries bordering the Pacific
Ocean, but New Zealand has escaped with relatively little damage. This is partly due to
the protection provided by the Australian continent and outlying islands, and also due
to disipation of the energy in the tsunamis on the New Zealand continental shelf.

New Zealand is susceptible to tsunamis from both distant and local sources. The east
coast of New Zealand and the Chatham Islands are most vulnerable to tsunamis

originating near South America, in particular from Peru or North Chile. These tend to
be directed at New Zealand and there is little protection from intermediate land masses.
I listorically three tsunamis generated by very large earthquakes on the Chilean coast
have produced wave heights of the order of three metres occurred on the New Zealand
coast. Damage has not been extreme, except in the Chatham Islands. However there is
a potential for tsunamis originating from this source to be up to 50% higher than has
previously occurred. Coupled with this is the recent coastline property development and
damage could now be substantially greater. The west coast of New Zealand is less
vulnerable to tsunamis from distant earthquakes.

r,9

i sunamis originating from local sources have generated larger wave heights in New
Zealand than those originating from distant sources, but their influence has only been
over a short length of coastline. These past events have not significantly affected major
towns or cities, but this possibility cannot be ruled out for the future. The possibility
of a major eartliquake causing major warping of the sea floor with very large tsunamis
causing vast damage cannot be ruled out, but there is no geological evidence for an event
of this magnitude in the last several thousand years.
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Brief

rhis report is in response to a request from the New Zealand Earthquake and War
I)amages Commission on 18 August 1988 (File Ref 1558). The brief is for a report
addressing tWO specific issues with regard to tsunami hazard.

1. A history of the occurence of tsunamis about New Zealand and the damage caused.

2. An indication of what could be expected if a large tsunami should reach New
Zealand.
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Tsunamis iii New Zealand

Description of Tsuitami

Tsunami is a Japanese word for habour wave. Tsunamis are also called "seismic sea
waves" or "tidal waves". 7 he latter term is erroneous because a tidal wave actually
result from the gravitational tide-producing force of the moon.

Most tsunamis are generated by a sudden change in the configuration of the sea floor,
often the result of uplift or downthrust during a moderate to large shallow earthquake.
Submarine landslides or slumping during or following an earthquake can also cause
tsunamis, as can impulsive displacements of water resulting from volcanic eruption
debris or rock slides entering the sea. The majority of tsunamis are, however, of seismic
origin and in the most severe cases, tens of thousands of square kilometres of sea floor
can be displaced vertically by several metres.

A tsunani is not a single wave but a series of waves which radiate outwards from the
tsunami source. In the deep ocean the waves are small in height - perhaps a metre or
less even for a large tsunami - and the distance between successive wave crests is very
large - up to 200 kilometres. Because the wave crests are very low and the distance
between them is so great, tsunamis pass unnoticed in the open ocean. The waves travel
very quickly, their speed being related to the depth of water over which they are passing,
the deeper the water, the faster they travel. As a tsunami approaches land and the water
depth progressively decreases, the wave speed slows down, the waves become higher and

steeper, 17or example, a 30-cefitimetre-high wave travelling at 700 kilometres per hour in
the deep ocean may become a 20-metre-high wave travelling at 40 kilometres per hour
at the shore. The effect varies, however, at different places along a coastline, depending
upon the coastal configuration and variations in the depth of the water. Thus, a
20-metre-high wave may strike at one place whereas, at another place a few kilomtres
away, the wave may be only 1-2 metres high. A wide continental shelf can mitigate the
effects of tsunarni by acting as a wave reflector and by absorbing wave energy through
friction.

Massive destruction can result from the runup of water on to low lying coastal land.
The water may progress as a turbulent wall of water (bore) whose passage can cause
impulsive forces of tremendous magnitude, with the seawards return flow compounding

the damage. The bore situation of a large, steep wave advancing shorewards is the
popular image of a tsunami, but a tsunami is more often like a very high tide which takes

place in the span of a few minutes. In New Zealand however, tsunamis of distant origin
have produced no pronounced effects on the open coast, but the waters iii some
harbours have been caused to oscillate.

About 80% of all tsunami activity occurs in the Pacific Ocean and there have been a
number of instances of a tsunami being observed over the whole ocean. Unlike some
countries in the Pacific, New Zealand has suffered very few fatalities from tsunamis
perhaps because the tsunamis' energy is dispersed by the continental shelf. I lowever,
because New Zealand lies in an active seismic area on the edge of the Pacific Ocean there
is potential danger from tsunanis of local origin, as well as from those generated at a
distance.

I'sunamis in New Zealand 3
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1 sunami Experience in other Pacilic Countries.

Records of destructive tsunamis in Japan extend back to 684 A.D. and since then alnjost
70 destructive tsunamis have been experienced, including the great Mciji Sanriku
tsunami of 1896 which resulted in 27,122 deaths, many thousands of injuries, and.the
loss of thousands of homes. The most recent Japanese tsunami occurred in 1983,
causing 100 deaths and property damage amounting to US $700 million. The I lawaiian
Islands have also been struck repeatedly by tsunamis. In 1946, the city of I Iilo was
inundated by a tsunami which originated near Alaska, and 159 people were killed. 1 he
city was hit again in 1960 by a tsunami from the coast of Chile, and 61 people were
killed. This latter tsunami was the most destructive Pacific-wide tsunami of recent times

and, in addition to the deaths which resulted in I Iawaii, almost 1,000 people were killed
in Chile, the Philippines, and Japan. 1 lie Philippines were struck by a local tsunatii as
recently as 1976, and more than 8,000 people were killed, and 20,000 rendered homeless.

The most famous and dramatic example of tsunami generated by volcanic eruption
occurred in 1883, when Krakatoa, a volcano in Sunda Strait between Sumatra and Java,
exploded iIi a series of detonations which blew away 8 cubic kilometres of the volcano.
The subsequent tsunamis completely destroyed villages and settlements along the coasts
of Java, Sumatra, Borneo, and other Islands. At one town, situated at the end of a bay
which narrowed rapidly, the waves grew to over 40 metres high before striking the shore.
Over 27,000 people throughout the East Indies perished as a result of the tsunanlis.

In 1958, an earthquake triggered a huge rock-slide which fell iIlt0 Lituya Bay, Alaska.
l'his created a gigantic wave which stripped a mountainside opposite of trees and
vegetation to a height of 500 metres. This was a very unusual occurence, but landslides
and similar events can cause large tsunami waves. Such tsunamis tend to be localised
and do not spread over large areas.

History of New Zealand Tsimamis

A summary of the size and effects of the most significant historic tsunamis experienced
in New Zealand is given in T4ble 1. The size of the tsunamis has been expressed in terms
of highest wave reported or maximum height of runup. Maximum runup is defined in
Figure 2 on page 7 The locations where these tsunamis were observed are shown in
Figure 1 on page 7. The most detailed historical data available for wave heights and
effects at various locations is that collated by de Lange and I Iealy (2). An abridged
version of their descriptions is given in "Appendix A. Summary of Reported Damage
by Tsunamis in New Zealand" on page 12.

Eight of the events listed in Table 1 are from distant sources with the remainder being
generated locally.

Tsunarnis originating from the distant sources have generally been widely recorded
around the New Zealand coastline, particularly along the eastern coast. The three most
significant events, each with runup heights in excess of 3m, all originated from the
Chilean coast. From the 1868 event a maximum rise in water level of 7.6m in 20 minutes

was recorded in Lyttleton. Maximum water level fluctuations in Wellington and
Auckland were about 1.Sm. Waves and water fluctuations of 3m or more were also

recorded at several other locations (see "Appendix A. Summary of Reported Damage
by Tsunamis in New Zealand" on page 12). The worst damage appears to have occured
in the Chatham Islands, where a Maori settlement was destroyed and a number of
houses damaged (one destroyed) at the island settlement of Waitangi. Water flooded
up to 6.4km inland. Damage on the mainland included at least two jetties and a bridge
destroyed on Banks Peninsula and damage to several ships and a wharf at Kaiapoi.

Comparable water level fluctuations also occurred in the 1877 and 1960 events, again
Lyttleton being particularly afTected. Many boats were damaged as well as several
bridges. Several houses were flooded and significant erosion and silting occured at some

Tsunamis in New Zealand 4
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locations. The Earthquake and War Damages Commission reported 69 clainis for
damage as a result of this tSUnami.

The damage data published by de Lange and I lealy (2) undoubtably understates the true
extent of damage that has been caused by distant origin tsunamis in New Zealand. It
is nevertheless clear that the damage that has occurred is small by comparison both with
that suflered (regularly) by a number of other areas around the Pacific, and with that
caused by other natural disasters (for example, flooding and earthquake) in New
Zealand.

As indicated in Table 1, locally generated tsunamis have produced waves with runups
of up to between 1() and 15 metres, which is significantly higher that the worst tsunamis
of distant origin. These tsunamis have generally been confined to the regions of known
high seisinicity in New Zealand, namely from Akaroa to the Bay of Plenty on the cast
coast and from Westport to New Plymouth on the west coast. The extent of damage in
these tsunamis has generally been quite limited, (significant effects occuring over a 30km
length of coastline), although a number of buildings and bridges were destroyed and
others damaged in the Gisbourne tsunamis of 1947. Despite the larger wave heights,
total damage to date from local tsunamis appears to have been even less than that from
tsunamis of distant origin. (Refer to "Appendix A. Summary of Reported Damage by
Tsunamis in New Zealand" on page 12 for further details o f damage.)

The maximum runup in Table 1 (15m) was recorded after the Napier earthquake.
However this tsunami did not cause significant damage, in part because the Napier area
was uplifted by 5.5rn during the causative earthquake.

Tsunamis in New Zealand 5
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TABLE 1 Alain Tsunainis Experienced in New Zealand.

(Abridged from de Lange and liealy (2).)

No. Date Epicentre / Source Richter Maximum Reported
Magni- Runup or Damage

Wave Code

Height
(111)

1 1848 Oct 15 Lower Wairau Valley 7.1 0.3 D

2 1855 Jan 23 West Wairarapa 8.0 9.1 B, D

3 1868 Aug 13 Chile 3.1 A, B, C
1), E

4 1877 May 10 Chile - 3.7 B, C, D,
„

tude

5 1883 Aug 27 Krakatoa Volcano Eruption 1.8 C

6 1913 Feb 22 Near Westport 6.8 1.5 D

7 1922 Nov 11 Chile 8.3 0.2

8 1922 Dec 25 Near Rangiora 6.25 0.4 D

9 1929 Jun 16 M urchison 7.75 2.5 B, D, E

10 1931 Feb 2 Napier 7.75 15.3 B, D

11 1947 Mar 25 Gisborne 6.0 10.0 B, C, D

12 1947 May 17 Gisborne 5.6 6.0 C, D

13 1952 Nov 4 NE of.Japan 8.25 0.9 A, C

14 1960 May 22 Chile 8.5 3.5 B, C, D,
E

15 1964 Mar 28 Alaska 8.4 0.9

16 1976 Jan 14 Kermadec Islands 7.75 0.8 C

17 1977 Jun 22 Tonga 7.2 0.2

18 1981 May 25 SW of Stewart Island 6.4 0.3

Code Description

A Loss of life or personal injury.

B Damage to shore structures; wharves, jetties, bridges (some destroyed), dwellings
and other buildings.

C Damage and loss of small craft and coastal shipping and other floating objects.

D Ilooding of coastal regions, esturies and tidal rivers and streams.

E Geological; scouring, erosion or silting.

Tsunamis in New Zealand 6
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Iiects of a Fittlive Large Tsimami on New Zealand

In New Zealand tSUIlan li damage of some form has been reported on at least 14 separate
occasions over the last 140 years, an average of about one event every ten years. About
half of these have had distant origins. Future tsunami occurance will probably follow
a similar pattern to that which has occurred in the past. I lowever because of the sliort
length of our recorded history, larger tsunamis either from similar sources or from
sources different from those that have been so far recorded, cannot be ruled out.

The main threat from distant tsunamis would appear to be those originating from the
North Chilean/Peruvean coasts. 7sunamis from this source tend to be directed (beamed)
towards New Zealand and maximum wave heights of up to about 50% greater than
those previously recorded from this source are considered possible (8). We are, however,
unable to quantify the likelihood of waves of this height. The other known distant
source thought capable of causing large tsunami waves in New Zealand is Alaska.
Maximum wave heights in New Zealand as a result of the 1964 Alaskan earthquake were
only about one metro. I Iowever, the location of New Zealand in relation to Alaska is

such that focusing of tsunami waves is considered possible (8). I f this did occur much
larger wave heights could be expected. Such waves could impact parts of the east coast
(especially north of East Cape) more severely than any previously recorded tsunamis
have.

llie west coast of New Zealand is less vulnerable to tSUnalliS from distant earthquakes
although tsunamis arising from an earthquake near New Guinea could be significant.

Because of increased coastal development since 1960, the damage resulting from distant
source tsunamis could be significantly greater than in the past, even for similar sized
events. Waves 50% greater than those from the past Chilean earthquakes would cause

substantially greater damage.

In the future, the risk of damage may also be compounded by rising sea levels resulting
from the "Green 1 louse" effect Estimates of the likely sea level rise vary considerably,
but average mid-range estimates given by Gibb (7) predict a rise of 0.4m by 2050 A.D.
and 1.2m by 2100 A.D.. These magnitudes of sea level rise would make many low lying
coastal communities and facilities more susceptable to tsunami damage.

Future locally generated tsunamis can generally be expected to be of the type and
frequency historically observed to date. That is tsunamis with locally high waves can
be expected, but the limited coastal extent of these means that the potential total
damage will be smaller then that for tsunamis of distant origin, unless it directly affects
a major city. Tile regions having the highest risk of this type of event are from the Bay
of Plenty to Akaroa on the east coast and New Plymouth south on the west coast of
New Zealand. In particular, the weak sediments of the seabed near Gisbourne make this
region susceptable to significant tsunamis generated by even quite moderate
earthquakes. This situation is not present in most other parts of New Zealand,.but any
earthquake large enough to cause fault displacement or other distortion of the sea floor
is a potential tsunami generator. This generally requires a shallow earthquake (focal
depth less than about 50krn) with a Richter magnitude of .at least 6,5. The Chathams
Rise is another area which has been identified as a potential generator of tsunamis (as
a result of sea floor slumping).

Apart from the low lying areas on the southern coast, the Wellington harbour area is
not particularly vulnerable to external tsunamis. I Iowever, as occurred in 1855, a major
earthquake on a nearby fault could produce large sloshing waves (seiching) in the
harbour (ref. 1855 earthquake, Appendix A). Sloshing of the harbour could also result
from a submarine or surface landslide into the harbour. Physical damage resulting from
this type of sloshing would be small compared to the direct shake damage, but the two
types of damage would be additive. Also, if large enough (and depending on the tides
etc. at the time), this type of sloshing could significantly hinder carly rescue operations.

Tsunamis in New Zealand 8



One area where there are few historical records oftsunamis is the west coast ofthe South

Island south of Westport. This coast lies close to the main Alpine Fault which has not
moved in historic times, but which is considered a likely source of a major earthquake.

In addition to the types of local tsunami generator which have been observed to date,
there is a possibility of a major earthquake causing major warping of the sea floor and
generating a very large tsunaini comparable to that which occurred in Alaska in 1964

"

(See "Appendix B. Description of 7'sunami Damage in the Alaska Earthquake of 1964.
on page 20). 1 Iowever DSIR geological staff have made extensive searches of the New
Zealand coastline and have not found any supporting evidence for such a large tsunami
in the last several thousand years (10).

Another local source which could generate very large tslinamis is major volcanic activity
at one of New zealand's offshore volcanic Islands or submarine volanos. Potential for

Krakatoa type eruptions exist at some of these, such as Mayor Island. Most of the low
lying towns and holiday centres along the Bay of Plenty coast would be almost totally
devastated by the resulting tsunami is this occurred. (Refer to reference 11 for further
details.) Again there appears to be no geological record of such a large tsunatni in this
region in the last several thousand years (10).

While it may appear that tsunamis of "volcanic" origin are not an earthquake effect, it
must be recognised that volcanos are usually accompanied by significant seismic activity,
including for a period prior to the eruption. Apart from tsunamis which could be
directly caused by this seismic activity, the question of whether the volcano caused the
earthquakes or vice versa could be a subject of arguement, and hence of claims against
the Earthquake and War Damages Commission.

Tsunami Warning System

The International Tsunami Warning System is a specially equipped seismological
observatory in I lonolulu, 1 lawaii, which is operated by the United States Government.
1ts role is to detect all major earthquakes that occur anywhere in the Pacific, evaluate
their tsunami potential, determine whether a tsunaini has been generated, and transmit
information and warnings to member countries. The arrival time of the tsunami at any
particular place can be predicted with a reasonable degree of accuracy so that people can
evacuate danger areas. I lowever, it is not yet possible to predict the height of the waves,
the duration of the tsunami hazard, or the maximum current speeds which will be caused
by water surges in harbours. In New Zealand, the Ministry of Civil Defence receives the
tsunami warnings and is responsible for deciding whether any local or national tsunami
warnings should be issued.

I·or tsunamis of distant origin, the International Tsunami Warning System works well,
because there is adequate time for warnings to be issued. I lowever, if a submarine
earthquake centred near New Zealand generated a tsunami, it could arrive at the nearby
coast within a matter of minutes and well before any ofricial warning could be issued.

Tsunamis in New Zealand 9
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Conclusions

I Iistorically tsunamis have caused comparatively little damage in New Zealand. Those
arising from distant sources tend to mainly afTect the east coast of New Zealand to a
varying degree. Wave heights are less than those arising from local effects, such as local
earthquakes, although the influence of the local tsunamis is only over a smaltlength of
coastline, and the daniage caused lias been less than that caused by tsunamis from
distant earthquakes. All the large tsunami events recorded occurred before the boom in
coastal development in the 1960s and 1970s. With the increase in population and
construction in low-lying coastal areas, a large tsunami in some parts of New Zealand
today would cause considerably more damage and loss of life than has occurred in the
past. Larger tsunamis than those recorded to date can be expected in future. I Iowever
there is no evidence in the geological record that very large tsunamis have hit the New
Zealand coast in the last several thousand years.

Conclusions 10
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Appendix A. Summary of Reported Damage by
Tsunamis in New Zealand

An abridged description from de Lange and Healy (2) of the reported damage caused
by the main tsunamis to have affected New Zealand, and the distribution and size of
wave heights is presented below.

1855 January 23
Magnitude - 8.0
Epicentie - West Wairarapa
Earthquake induced land movements involving 11,500 km2 of land with uplifts of 2.7 m
in Palliser Bay and 1.5m tri Wellington City, producing a tsunami and seiching in
Wellington harbour. The locations affected and the wave heights follow.

WELLINGTON: Water fluctuated every 20 min ranging from 1.2m below low water
spring to a maximum of 3m above high water spring. This continued for 8 hours after
the main shock. The maximum level was sufficient to flood waterfront houses to a depth
of 0.9m after the uplift associated with the earthquake had occurred. The Wellington
Racecourse was strewn with dead fish. The tsunami and/or seiching may have
contributed to the destruction of a bridge over the Hutt River.

WAIRAU RIVER: A gigantic wave swept the beach followed by an ebbing and flowing
of the tide.

PALLISER BAY: A 9m high wave was seen. The wave almost swept away a sailor and
his family who were camping on the beach.

AVON RIVER: A small bore is reported to have travelled up the Avon River near
Christchurch during the night following the earthquake, leaving seaweed up to 0.3m
above normal water level.

1868 August 13
M agnitude -
Epicentre - Chile

This tsunami from northern Chile is the most extensive tsunami reported in New
Zealand. It is also the only tsunami to have caused a death in New Zealand. A number
of detailed reports of the tidal fluctuations were presented by the harbourmasters at
various ports around New Zealand. These are summarised below along with other
reports from around New Zealand.

MANGON[JI: Maximum rise of 1.2-1.5m on the 15th.

GREAT BARRIER Island: At Rosalie Bay the water rose 2 m above normal high water,
while at Tryphena Harbour a boat was deposited 1.5m above high water level by a wave.

Appendix A. Surnmary of Reported D:image In 'I sunamis in New Zealand 12
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TAMAKI ESTUARY: A bore occurred in the upper reaches of the estuary followed by
1.2-1.5 m water level fluctuations.

OPOTIKI: A 1.8 m high bore raced up the river on 15 August

CAPE RUNAWAY: A 3 m wave was observed between 4 and 5 a.m. on 15 August.

NAPIER: A 1.8 m variation in tide level.

WELLINGTON: About a 1.5m variation.

NELSON: Disturbances continued until 17 August with a maximum variation of 1.5
m.

WHITE'S BAY: The water receded 27 m horizontally at 10 a.m. on 15 August.
Returned at 10:20 a.m. with high surf. At 11:30 a.m. the water had reached the door
of the telegraph office.

KAIAPOI: Seven bores reported in the Waimakariri River. The first, and largest,
occured at 3 a.m. on 15 August and was 1.2 m high. Several ships were damaged at the
wharf. Small waves were recorded during the day.

LY'ITELTON: Detailed obse·-vations were made by the harbourmaster. These can „e
summarised as follows for the Inorning of 15 August:

3:30 a.m. - water receded suddenly at half ebb tide.

4:30 a.m. - water level 4.6 m below normal low water. A 2.5 m high wave recorded.

4:50 a.m. - water level 0.9 m above highest spring tide. Equalled a 7.6 m rise in 20
min.

7:15 a.m. - water rose 4.9 m before receding.

9:30 a.m. - part of harbour was dn- when water rushed back with greatest velocity
seen. Water reached high water spring.

10:15a.m. - water receded forhalf anhour before rising 5.5 m by 11 a.m. The rush
of water was sufficient to move Skelton Buoy with a 200 kg anchor over 800 In. The
tidal disturbances continued for three more days with tidal fluctuations of 0.3-0.4
m greater than normal.

PIGEON BAY: Detailed records were also made here as follows for 15 August:

7:00 a.m. - water level below normal low water. Rose suddenly to 0.3 m above
normal high water in 10 min. Rose and fell 1.5 m.

10:10 a.m. - water level 1.2 m above normal high water level.

10:35 a.m. - water receded to lowest ebb.

11:15 a.m. - water rushed iri removing jetty and a wooden fence 1.2 m above normal
high water.

12:00 noon - large wave removed boat house. more fences. and 40,000 board feet
of timber stacked 1.5 m above high water level.

12:40 p.m. - water level rose 2.1 m above high water and washed away another jetty
and a 30 ton ketch

OKAINS BAY: A bridge 3.2 km from the sea was washed away. The water level rose
3 m above normal high water and covered the main road to a depth of 1.5 m . Water
marks on the remaining bridges were 1.8 m above high water level.

.Appendix A. Summar> of Reported Damage b) Tsunamis in Ne,# Zealand 13a £ 2
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OKAINS BAY: A bridge 3.2 km from the sea was washed away. The water level rose
3 m above normal high water and covered the main road to a depth of 1.5 m . Water
marks on the remaining bridges were 1.8 m above high water level.

OAMARU: The tide rose and fell 4.6m dropping to 2.4 m below normal low walter
mark. -Ille largest wave reported was 1.5 m high following a sudden 3.6 m drop in water
level in one 5 min period.

TIN<[ARU: The sea suddenly rose 1.8 m at about 5 a.m. on 15 August before dropping
lower than ever seen before. Strong whirlpools formed in the harbour, endangering
several ships. No major damage reported.

WESTPORT: A bore 1.2-1.5 m high was reported.

CHATHAM ISLANDS: This area was probably the worst affected. The Maori
settlement of Tupunga on the northern side of Chatham Island was totally destroyed.
Three waves were reported . The force of the water smashed drays and moved large
stones of up to 500 kg in weight. No trace of the settlement remained, and from indirect
evidence it appears to have been abandoned as a consequence. The water flooded up
to 6.4 km inland. At Waitangi a number of houses were moved off- cheir foundations and
a large..amount of Government Stores were lost. At least onet house and its contents,
including its 0,:cupant, were swept away.

The tsunami occurred from 15 to I 7 August, with the main effects occurring during low
tide on 15 Aiigust. On 17 August the reports are interspersed with reports of an
earthquake which was felt over most of central X-ew Zealand on the morning of that day.

1877 Alay 10

Magnitude -
Epicentre - Chile
This tsunami was extensively recorded around New Zealand, although the effects vvere
less pronounced than those of the previous tsunami from near Chile in August 1868.

MANOWAORA BAY: The maximum water level was 1.8 m above mean high water
spring.

WAITANGI: The wave height was 3 m. The ship's boat from the Iona was swept above
the high tide mark.

RUSSELL: The tide ebbed and flowed seven times during the day of 11 May with a
maximum fluctuation of 1.8 m.

PAIHIA: At noon on 11 May the water dropped 1.2 m in 10 min. then rose 1.9 m by

12:25 p.m.

WAIROA BAY: At 4 p.m. a wave rushed in and flooded at least 9 m horizontally above
the high water mark. Two boats were washed ashore and left high and dry in a paddock.

BAY OF ISLANDS: In addition to the above locations. a number of islands within the

bay reported a sudden 2.5 m rise in the space of a few minutes around 5 p.m. on the
11 th, followed by ebbing and flowing every 20 min.

WARKWORTH: At 7 a.m. on 11 May the water level rose 1.8 m in a few minutes
before receding. There were three more waves. Two 1.5 m high waves, occurred at 9 a.m.
and 10 a.m., with a 1.2 m wave at 12:45 p.m. Between the peaks the water receded
sufficiently to ground the 'steamer Kina as it was navigating the Mahunrangi Estuary
just below the Warkworth Wharf
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PORT CHARLES: The wave of 11 May u-ashed 200-300 logs away from the saumill.
The tide rushed in and out every 20 min all day long with an average range of 2.5 m and
a maximum of 3.0-3.6 m. A punt anchored in Reef Bay broke its moorings and was
swept ashore, and the wharf was damaged.

TAURANGA: At 8 a.m. on 11 May the water at the beach suddenly rose 1.5-1.8 m up
the beach reaching 0.6-0.9 m higher than normal. The water receded rapidly.

GISBORNE: The water rose 2.2-2.4 m in a few minutes. When it receded it eroded

about 45 m from the end of a sandy spit within the harbour. The largest wave swept
2.5 m over the bulwarks of the vessel Go-Ahead w'hich was aground in the harbour at
the time. The river rose 0.9-1.2 m flooding low-lying regions.

WELLINGTON: Ebbing and flowing every 15 min with a variation of 1.5 m.

CHRISTCHURCH: A 0.9 In rise in the Avon River was reported.

LYTTELTON: The first wave was reported at 7 a.m. The water level reached above
high water mark at half flood tide then fell exceedingly low. No damage was reported

AKAROA: lhe first wave was reported at 7 a.m. on 11 May ft almost dead low water
and it was=lescribed as heavy. The water rose rapidly about 3.3 -m and then receded
immediately. The waves returned every 20 min and were still noticeable at noon. No
damage was reported.

1883 August 27
Magnitude - A volcanic eruption.
Epicentre - Kiakatoa
This Isunami does not appear to represent a direct wave from Krakatoa. Instead iI WaS
probably generated by atmospheric coupling within the South Pacific Ocean basin close
to New Zealand.

WARKWORTH: A bore was reported in the Mahunrangi estuary. It was still 1.2rn
high at Craigieburn.

AUCKLAND: At 8 a.m. on the 29th, during ebb tide, the water level rose 1.8 m in 30
min and then receded to normal within another 30 min. This was observed by a large
number of people who all gave the fluctuation as 1.80 m in the anchorage and 0.9-1.2m
at the Auckland docks.

COROMANDEL: A 0.9 m wave was noticed at low tide, followed by unusual tidal
fluctuations for a period. The tide u'as back to normal by the afternoon of the 29th.

WHITIANGA: The tsunami was first noted at 4 a.m. on the 29th. The water rose

suddenly by 1.8 m at ebb tide then receeded leaving the vessels in Whitianga Harbour
high and dry. During the next wave, moorings broks and a vessel came close to
capsizing as it got caught under the wharf.

TAIRUA: A 1.8 m rise and fall observed.

MAKETU: 0.9 m bore travelled 4.8 km up the Kaituna River.

GISBORNE: A sudden 0.9 m rise was recorded at 2 a.m. on the 29th and again at 2
p.ni.

LYTTELTON: Usually high rides occurred on the night of the 28th and the morning
of the 29th. Between 7 a.m. and 9 a.m. the water receded 0.9-1.2 m dropping to 0.9 m
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below low water. At 10.30 a.m. the water dropped suddenly by 0.8 m at the docks during
a flood tide. At 7.30 a.m. on the 29th the water level dropped to 1.8 m below normal
low water, leaving the wharf at Purau high and dry.

1913 February 22

Magnitude - 6.8
Epicentre - Near 1¥estport

At Westport the tide was extraordinary high. Strong seiches were reported in the river
at Westport. At Ngakawau, the tide was 0.9-1.5 m above normal high spring tide. A
number of coastal landslides were reported as a result of the earthquake and these may
have induced the tsunami, which was restricted to an 85 km stretch of coast.

1929 June 16

Magnitude - 7.75
Epicentre - Murchison

This earthquake was accompanied by a large rotational slump at Whitecliffs about 20
km t:,)uth of Karamea. An area of sea floor was uplifted tls a result involving a region
of 1 -,6,000 m2 and a vertical motion of about 16 m. Prior i.0 the earthquake this area
was an average of 3 m below sea level (Henderson 1937). It is possible that this event
is responsible for the 2.5 m tsunarni reported at Karamea.

1931 February 2
Magnitude - 7.75
Epicentre - Napier

The Napier earthquake involved extensive regional uplift. There was a sudden expulsion
of water from Port Ahuriri and the Napier foreshore, but no real evidence exists for a
large-scale surge or tsunami sweeping in over the beach. The reason for this is probably
the large uplifts undergone by the foreshore as the water receded. The harbour was
uplifted by 5.5 m causing the sudden withdrawal of the water. Although it appears the
water did surge back, the height of the surge was insignificant relative to the change in
elevation of the terrain.

WAIROA: A3mor wave is reported from the Wairoa river following the earthquake.

WAIKARE RIVER: A large wave destroyed a woolshed and left fish strewn 15.2 m
vertically above high tide level. This SUggeSIS that the wave was at least 15 m high. It
seems that this was a locally generated wave produced by a large rotational slump on
the opposite side of the Waikare Estuary.

1947 March 25

Magnitude - 6.0
Epicentre - Gisborne

This is the most extensively reported local rsunarni. It is unusual in a number of
respects, the most notable bring the large response produced by what was a relatively
small earthquake.
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TATAPOURI HOTEL: Two waves greater than 10 m were seen approaching. They
were still 3 m high when they reached the hotel. After the second wave, the water
remained at window sill height for about 10 min. The building was structurally damaged
and a number of the fittings were also ajTected. A nearby cottage was destroyed.

TURIHAUA POINT: Two waves greater than 10 m were observed. The water depth
u'as greater than 1 m on the main road, and the receding water swept furniture out of a
house.

POUAWA BEACH: A house was swept out to sea and six people were endangered.
The local bridge was swept off- its piles by a bore and carried 1 km upstream. Two
bridges 3 m above high tide level were totally destroyed on the coast road.

MI-JRPHYS BEACH: Land was inundated to 4 m above high water.

MANUNGA BEACH: The main wave was 6-7 m high, and a house was swept off its
foundations.

UAWA RIVER: Several high bores travelled up to 3 km upstream.

WAINUI BEACH: The wave almost crested a large embankment between the beach
and houses. The surf club was demolished and & i:aravan deposited on top of a fence.
One house was flooded.

GISBORNE: In the harbour, 4 m high waves wen reported and a bore formed in the
Iuranganui River. A dredge was swept away but it was recovered. I-Iouses around the
harbour were flooded.

1947 M ay 17
Mangnitude - 5.6
Epicentre - Gisborne
This tsunami occured at night and at low tide. Its effects were therefore not as well
reported as the tsunarni tWO months earlier. This tsunami appears to have been
concentrated further north and on a smaller section of coastline than the previous one.

TATAPOURI HOTEL: A wave was estimated to be about 3.8 m high.

WAIHAU BEACH: Wood stacked to repair bridges damaged in the previous tsunami
was swept away. It had been stacked 40 m horizontally above high tide level. The water
flooded inland for 370 m and about 1.8 m higher than the previous tsunami. This
appears to represent a wave 5-6 m high.

TOLAGA BAY: The wave deposited debris 45 m hoizontally above high water, which
was further than during the previous tsunami.

This tsunami is also thought to be associated with mud  olcanism

1960 May 22
Magnitude - 8.5
Epicentre - Chile
This is the most extensive recorded tsunami in New Zealand so far this century. Its
distribution is similar to the tsunamis of 1868 and 1877, but the wave heights were
generally smaller.
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MANGONUI: A 1.2 m rise and fall was recorded within 10 min.

WAITANGI: Strong flood and ebb flows were reported at 20-40 min intervals starting
late on the 23rd. Whirpcpols were obsen-ed and one boat was damaged following a
collision with the Waitangi Bridge.

OPUA: The water level changed-by 1 m in a matter of minutes. Boats moored in 3 m
of water were grounded.

TUTUKAKA: On the night of the 23rd the water receded and then returned, rising 2.8
m within minutes. Surges continued at 15-30 min intervals. The water level reached a
maximum of 3 m at high tide. 1 he coast road was flooded and a bridge abutment
damaged.

LEIGH: The water level dropped 2.4 m in a few minutes and then returned as a 1.2 m
surge washing away bridge supports.

AUCKLAND: The tide was irregular starting late on the evening of the 23rd.
Fluctuations exceeding 0.6 m were recorded in the Waiternata Harbour during the 24th
and 25th. Waves with an amplitude of 0.3 m and a 45 min period were recorded in the
Manakau Harbour on the 24tli.

WHITIANGA: Oscillations of 18-2.5 m were recorded. At surge damaged rock
forniations opposite Whitianga and swept 11 boats fror.1 their moorings. At the peak,
the waterfront road was under w.iter and the airport and two or three houses were
flooded.

WHAKATANE: Fluctuations of 0.5 m were recorded at Whakatane Heads

GISBORNE: At 8:30 p.m. on the 23rd, a 1.2 m bore was reported in the Waimata and
l aruheru Rivers. Earlier at 8 p.m., a 1.Om bore was reported in the harbour channel.
Strong surges with a period of about 20 min and a4m maximum amplitude were
recorded. These are reported to have extensively eroded silt banks and sand shoals
within the harbour and rivers.

NAPIER: The maximum tidal disturbance ranged 3 m above chart datum and 1 m
below (compared with the normal maximum range of 1.6 m) Many boats were damaged
and several were swept out to sea. The maximum runup reported was 5 m above high
tide level but this appears to be an exaggeration. A 3.0 m wave swept into beach homes
at Scapa Flow. About 17,000m3 of sand N-ere scoured from the boat harbour and a 0.7
m depth of silt was deposited on the Westshore Slipway.

WELLINGTON: The maximum rise was 0.95 m for a period of 20 min.

LYTTELTON: The highest level above normal high tide was estimated at 3.3-3.5 m.

OAMARU: The oscillations began at about 9 p.m. on the 23rd At 10:05 p.m. the water
rose 0.6 m before dropping 1.5 m in 10 mins. Fluctuations of 0.9-2.8 m occurred during
the following 30 hours.

The Earthquake and War Damage Commission (1961) reported 69 claims for damage
as a result of this tsunami. Most were reported from Banks Peninsula and Napier
altliough damage claims extended from the mouth of Catlins river in the South Island
to Whangarei in the North Island. The value of these claims is not known.
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1964 March 28

Magnitude - 8.4
Epicentre - Alaska
The source of this tsunami was the Alaskan earthquake of 1964 and the tsunami was
vcry devasting around the North Pacific. At most locations around New Zealand it was
barely noticeable.

AUCKLAND: A maximum fluctuation of 0.45 m was observed.

WELLINGTON: Maximum oscillation of 0.35 m occurred.

I.YTTELTON: Fluctuations of about 0.9 m occured every 20 min, with a maximum rise
of 1.25 m for 40 min. Later reports state that the maximum response was 0.5 m and the
peak to trough range was 1.5 m

GREYMOUTH: A maximum rise of 0.4 m for 20 min.
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Appendix B. Description of Tsunami Damage in the
Alaska Earthquake of 1964.

Extracted from Steinbrugge, Reference 9.

Appendix B. 1)escription of 1 sunami Damage in the Alaska Earthquake of 1964. 20

'194.1.

L:*



AInghn

11 19 „i,lent filim 111(· hi.Intic record 1.lim Alaskn

Ii:is n :ir:nifiennt I.unnmi hai,ird Along ils southern
shorelines. Based M this recoid, and Mmited to darn-

'1'nlitr 1 1-2

Srlected Recorded Nurthern California 1 bunami Wave Heights'

1-stinnmi Origin

aging t.qunnmiq which, of course, are fewer than the
total number recorded, it has been roughly estimated

by some authorities that the recurrence interval for

various parts of Alaska may be in the order of:

Weslern Aleutian Islands 5 >·ears

Eastern Aleutinn Islands 10-20 years
South central Alaska 20-90 years
Southenstern Al„sln Less than 30 years

South rentri,1 A litsk n itic),1,1 es t he region of the 1 !164
r,irthquitki·, Ilint i., fri,in ]<odink i„ 1'1·ince Willinm

Sound. Soul.hen9tern Alaska A ihe ],nlillindle which
in(·1 idea ·hmentl And Sitkn. While zil,ove recurience

interval. are rough, they nre satisfactory for insurance
purposeR. About 20-2,5 historic t..unninis nrc known
for Alaska, but only about one-fourth of these have

had wave runupgover 3 feet. Comparatively speaking,
Japan }188 many more tsunamia and greater damage
potential.

In tlie 1964 earthquake, waves destroyed portionA of
numerous Alaskan coastal cities simultaneously with
the shock or a few minutes thereafter. In many cases,

tl'is damage wai mostly due to submarine landstides
such as those which occurred at Seward, Whiltier, and

Valdez.

Iii Sewn.1 cluring IIi? 3-4 Ii,iriute.q of.glrong Kround

shaling, strips of the slioreline CO tnining clocks ni,d
other port. fncililieR disappeared under the water due
to n stibinnrine landslide. This landstide developert

laige waves. About 20 or more minutes Inter the first
wave from the main tsunarni arrived. Highest wave

runup of a]I waves was 30 feet.
The tmtinmi event. during and following the earth.

gtinke in many r(,115(al cities were speclneular as well
ns devastating, and Seward is one such example. '1'lie

following is an extract from "Effects on Communities,

Seward," Richard W. Lemke, U.S. Geological Stlrvey
Professional Paper 542-E (1967}: Lemke interviewed
more than 100 individuals after the event as the basis

for his account:
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Alaska

Tide Station
1964

Alida Cl,ile
1946 1960

t'"rint· Grove - 6 6

Monterey H.rhor - 5 9

Mi,Kg 1.ninding - 5 9

S.nia Cruz 10 6 10'

|'8cifiCI - 8 9

San Francisco 91'ipsidio) 1.7 2.9 7.4

Bodr,a Bay - 2 5
Arena Cove 16 - 12

Creccent City - 10 28'

" Adapted froin ctudiec t>; C. T. Magnon and othen. Elevations in
feet. 1!ei!:1119 are maximum.
' Esti,raird.

Strong ground motion at Seward ...3 to 4 minutes.
Nearly all accounts indient.e thnt the shaking started gently
but increased markedly in a few geconds and continued to
grow in violence until pople could hardly *and without
Rupport... Two gn!,lry crnnes at the Alaska Hailrond dock
bounced off their tracts and into Resurrection Bay ... [Fig-
ures 7-46 and 7-47].

The more extensive nid spectacular effects of the earth·
quake, however, were Along the Seward waterfront. Between
30 to 45 second. after violent shaking began...an area
extending from the Standard Oil Co. dock to beyond tile San
Juan dock, began sliding senward av a result of large-scale
offshore landsliding. Slice after slice of ground along the
shore slid progres*ely as Rhaking continued, until a strip of
h•rhar .rp, 50 tri 500 feet wide had disappeared into the

1 0 3

A..,el H...1 GM I
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Figure 1 I-6. Tide gage record, of the lbM;4 Alnikan Mull„mi al Senttle (Wa*hinglon), Creicent City (Califirnial. And Snn Frnnci,co
(Californin).



ICAt{'InqUAKES, VOLCANOES, AND 'I'SUNAMIS-AN ANATOMY oF HAZARDS

1,8,·. brge frach,res broke the ground surface behind the
,lide ure„ und ext ende 1 severi,1 hti, Ired feet inlan,1 nx shak

int: contirn„·d. Stillic fractureb licar che Texic„ tants report·
i·illv opened mil clfised repentedly· during the:haking, some
wi·re at least 20 feet de·ep. Thev filled quickly with water

mil, as the Mlinking continied, spewed muddy water at
inten uls . . . 1 Figure 11 ·7].

Piptund valves of I he tanks nt the Standard Oil Co. dick
hel.,in rutilit,ing 30 10 45 secon.IN After shaking started, and
fiurl poti ied fi{,m I e t"nks. A.s 11„, tanks lic·gan to overturn
ind .tide int. the hin, Ilwv exphided with R umr, imil fl#imes

Imipi·,1200 feet inti, the nir. Witter,ilist,Inced hyliliwl,;liding,
recided riwidly frum the shore wrrying burning fuel on its
Minfi, p A Ii,nk,·r 11,1,imling nt ilir, SI,in,lird OU ('li. ,]fick

„·I,firn·ilt, Int |1(.11(,1,1 w|,un the willer h·ve| 11,1(11|t·lily

111„i,11·,1 If, 111 20 1,·rt....
A.. Ihi· wi,le, .i,·. di.tili,„·d Mti,1,1„ily flf,11, Ihe H]inre. I

I„44· mutit,il „1 wlit,·r hililied 81·vt·rill hund„·gl y,11,|M nut in
ihi· hav lind iii Ii,i,+ Ii,·twi·m thi• Sti,ii,Inril (hi Cti. 1,ink• and
11,1·1'4,t,111, t,I.lili, I'lIii,t ...

The wilve moving towl rd Lowell point overran the north-
east corner of ilie fan upproximately I minute and 15 seconds
after shlit,ing started, or about half a n,inute after the
landslidint; started in the Slanditrd Oil Co. duck urea. 11 w·as
u.limated to  r 30 feel high.

The wilter wrged ... toward the MOuthwest part of the
Seward wnt e rfron t n Iso. A la rge swell broke ove r The A Insk a
}tnilroad cli,ck men, lifting flnt citrs off the tracks ... Asthe
MA·11,1 thi·>|,lili·lilli·,11 Illt·Sll,nt|111·(10,1('1) t,11,1{M,burninK

IiI .it: cii,iwil li·1; imli, Il,ine. An M{)·i·,tr fit·ight trim tin
thi· i,i,5·1, Ii,·Iwi·.·n Ilit· Sli,Ii,hil·i| liti,1 '1 t'x,ici, ti,liks Wllh plit

"·11{1) iii St„It Ill„Ving 11(irth 11,• 1,!St ·10 e,irh w{·ie fitted oil
liniki·T>41,1,11 11'illu· filt· *·pl 'in,(1,111,11,·,ill,· 1„1,11•r,tilluglit
fi r ,· in n ch i,in i t·,ic u 1, of e x 1 iding car i d own th e t ruck
t¢iwi,rd Ilif· 1+xm·,i v,irrl. .,.

Ati,·r In,„£ 1:r"rnid „i,ilinn hail ce„Hi·,1 1,1,¢1 1„·ft,re the
first -·1:11,ic 4,·11 wi,vi, „rrivi·d, 1,1 1,·11.t t wo nililil ient,1 w„u·,1

hwi'Vt |lit· Si·ward wite,holit. Walerioillimil·dti,HI,i:litinck

and forth in the bay for at least 15 minute- following the

quake...
Fires igniled (hiring the shaking continued to burn in-

tensely nfler Mhoking hindi ceased, and new ones w·ere started

85 explosionspericidically ripped the waterfront. Burning oil
and combustible debris covered most of the water surface

from be>'und the south end of Seward :o the head of the
bay. Wil hout witter (lieci,urie of broken mainsl, the efforts of
firemen i wl volunteers were la:·gely futile.

7'lie arrival time of the first quismie selt wave from outside

the Kewi ·(1 area iM (:i,t:jt·eturn'....Hy estimating tbe time
thai it woold take the.'le observers to perfurm a series of
activities,iftershitking stopped and befure the wavehil, it is
"""c']'1(11·,1 dint ihi· w'live ari·ivi·{1 lictwi·e·n 20 1,1 :]01/nutes

afl er .1,1.k i,ig HI (,1 itie"1, ...
The fi,HI Mi·iMmic .·,1 wi,ve iM rewirted thi linvi• 11] 1,111111'd

ilte wi,1111 (,f {114· lilly 1,14 il el,lered Ilie He.·,u·d .ri·u Ind 10

have hee  :10 10 40 fpel high ns it ne,ired the hend {,1 the bay.
11*,i·ning oil rovelt•{1 1,itich of iti wrfice. Cirrying lionts,
hoties, ilid railrund curs co Heeled from the Sewai d wat er-
frunt area, l|te wuve Cra·91ed over the railrolld eintin„kment
into the jagoon area and moved inland at the head of the
bay. Debris was pited so high on the r<,Ad across the lagoon
that it blocked all niotorized exit from the town. At the

airport, n wall of water rushed part way up the airstripat an
e:timaled speed of 50 to 60 miles per hour....

Several other large waves followed the first Relsmic Sea
w·ave ... The thard seismic sen wave was prot,ably the
90'Mt, Iml mod,if (}w di·,il rm·tion liuut iltreitil¥ 1.·i·,1 (hilie
tiv· Ilic t·,Illier WI,Vt'H. 1''in·,41„Irning (m t|w Mulfice{,f ||w hny
.,·re r.ting".111,{IHI,veinl till'·s bvil,·11111illi: W·liw•,·, 1,111' t.
"arlatew ns|" r"ing"i| p "red out u kilig the waler friml....

Figure 11-8 is a before-and-nfter navigational chart
of Sewird Mhowing t|le €]11{line of the „Id and m·w
hhorelines 118 we.|| 89 kiltline of the hend of the Huti-

1 Itu rine 1 1,1 1,151 ide. Twelve  eop le lost l heir lives, a ll but
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Figure 11.9. Hrod of Ki,1,1,inrine landill<ling where tracks enter
the water. Ens„ing 13;,innmi knocked bol,can And lani( Can, off the

mils, mt„,·timr9 carrying tht· re,IM along with the can Seward,
Al.'kn. lifirr i lie 1 1.1 4,4 t,unnii,i.

nne In' the ts, iwinni. Figures 11-7 through 11 -11 show

the ts, inmi (Inmage and the head or submarine land-
slicling. 11 „wi.ver, Imsed on die nulhor's persont,1 in-

spections, building damage in the city clue only to
ground viliration wn.!; ininimH! to nioderate, and these
inspections included ,.cm·eurll,cluke-resistive ma-
sonry buildings.

Whittier 1,150 experienced submarine landslides und
l!,uumniq which cle;lroyed flocks, oil facilities, Iind rail
fadlilies (Fictires 11-12 tind 11·13). Wave rump was
highest on the north shore of Passage Canal where it
reached a height of !04 feel. Twelve lives were lost.

The nearby 14-story building was not subject to tsun-

ami furces; the ground vibration caused only minimal

to moderate structitri,1 (Ininage (Figure 11-14).
Val,le, 1,14(, 1,11{1 1,4,1,1,1,1,i (Ininnge chie to stitininrine

landsliding. The ship ('hena was moored at a dock

which collapsed. Lives were lost on the clock and the
ship. Contemporary accounts provide fascinating

reading. The highest wave rose to 23 feet. Figure 11-
15 is of tsutinmi (litmage. Valdez hns since been rebuilt

(in n (lifterent Mile willi thic view of minimi·Zing the

1,87.tird froin fulfure Hutinmrine lit,Id.liclum n d ts,in·

amk

Damage Rt I<orliak is among the besl of those doe-
umenled after the INunami, with Figure 11-16 being a

typical view of boats driven ashore. The following is
quoted from the abstract to "Effects of the Earthquake
of M i,rch 27, 19(14, on [lie Coi,1,iinities or Kodink zind

Nenrhy Watul."h¥ Iteril,< 1, 1<neha{1(}orianiltid George
l'Inik{·r (U.S.G.S. Prof. Pitper 542-F):

lt is the moft severe earthquake to strike thi.• part of
A laskil iii mirlern t ime, and t ook t he live H of 18 persons in
till· arei, hv drin,„im:.thisin{·ludes twoin 1(„dink Hnd three
nt !<:,1,tnick l'itip,·rt> 1181:inge "lut los.4 of ini·nine tu the
comi,unities i. estim:,ted nt more thim $45 million.

... The largest community, ]<„diak, 11„d the greatest loss
froin the earthquake. Damage was caused chi elly by 5.6 feet
of tectonic· subsidence and n train of 10 Reismic sea waves

that imind„ted the Iciw-|ving }ireas of tile town. The seismic
Men wives di·r„ved 1,11 11 1 fint· of f he docking ficilit ies mi

r.· I -·

 +

affvr,-73
.'2,9-4373:2 -2 - 1 -- I' * f.-4 to-y/-·.76

Figure 11-10. Tiumnni at Seward push,·d raitrond carmoff of
trid, W,10 8 jilinhled belt 8% shown m Figure Unt. After,he ]964
Alaskan tsunaini.

Figure 11-11. De,ailof u.unnin, damage al,own in Figure l]·10.

Figure 11-12. Subn,nrine Int,dstiding and launanii damage al
Whiltier, Alanka, afic·r Iht 1944 earlhquake.
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Figure 11-13. Union Oil tanks on fire a[ Whillier, Alamka, after the 1964 earthquake and tbunami.
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Figur,, 11.1,1. 1 1...hic litlilililigal Whiltter, Al,1.kil, illier the M4 Figure 11-16. Valdez, Alaska, alier the 19(,4 earthquake andearthquake. Built': 9% sul'.-cred tietween militnialand n,oderatestruc- 'su,ia,11'.
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the light hotise ns n res,111 of the wave which followed

c,Iily 1, fen· mimi(es Jifter the earthquake.

'Inble ] 1-3 is n swinnutry of signific,int ts,limmiR

recor led in Ali,Nk u.

The 19(U Alask,m eart.hquilke and Imnami luis been
thoroughly s:ud,ed and the results widely published.
The reader riay Wl.411 to refer to the volume "Ocean-
fraphy n I! Const; 1 Engineering" in ille Heries enti-
(\4:4\ The d·t•.t A .,Mha Earthquake 44 1964 hv tile

. ···n.C .'.c(tiia,in) of Sciences. This 5561mge hook,

with its numero,is 1,11(11 (,grdiphs,ind dingrams, is iii·ob·
ably the best single smirce of information a! thwl;h
sorne of the text may be beyond the teclinical linck-
ground of readers.

Ihititii„,i Ls/a m /s

thie t{, ttwir Itic:,tiou in the rentinl portion of (lit·

Pacifir ittld t|juit· 4/irillatttin to thi· Cit·eame tlenchi•,3,

the Hawaiian Islands linve experienced nunwrou.

ls,intimis frum (listant origins including Alaska, Chile,

Jaimn, and Knmchatka. 'Pbtituimi: generateil iii ln,In·

nesia and elsewhere in the South Pacific have liecit

rectirded, litil lhey have· mit heen daniaging. Addili,In·

i,|13, liture hnve lici·n h.·ull¥ 6,·,ierated tht,iti,Inis.
The !81!] tsunnmint |inwmilst|wearlieslonret·m·,1

IL:origill WaS „ Chileatte.,11„linke.Over |(R}thitil,imi

have been recorded in the Haw·niian Islat„k with

perhaps I{;{ir 1701 themproducinghignificanld;image
A nurn ber of th e prmcipal wines have been 11): hided m

Figure· 11-16. Citv of }<0{liak Alukka af er t 'L 1964 carlliquake
Ind t.uni,int

0/:U,

T.,ble Ila

1·'igure 11-17. Sctit,·h Cni, 1.11:luh w.·e on LImmok 131*„d i„ ihe TiummiM Grnerated on A In 814„ C w.th, 1 78 8-1!165 (1)01,1,tful Evi·ms Are I m wilt·,11'

Al,·tition Wilids before lhe Apr,1 1, 19·16, t;,uitilmi. M i'*lin,im

Date Area or Generation 1(,irmp in l'Ince

Mi·Ic·MI

:/1.,2 fjoh<TRUIS,PYPM,Y"Ek-fa
-1.1:56/311-,u. L,-larK· -, 7

1·,gurr 1]-18. Sile of Scotch Cap l.ighthouie•fier

mort· thim 215 Stinct„res: manv other struct„res wi·re Me-
u·,th· dillimi:i·,1 i.. 1'|'lu· uina,•41 -11'|11·11 tht·1 1%lit%Itiltlin
licight <,1 211-:11}1(·el ittii,ve nie,in li,wer Ii,w witter nt Shu,Irnfkti
Cove.

Seismit· sh:tking I:iqu·,14: t„ 5,4 inimit i': nt Knitink lind
Inul a ,(,iling lili,tion ... I„„(11 .. ve,v litth' if tny 11,11,31,1,1
(,{·lililt·,1(ti,in Al,·i:rimni| 111,11(,1(11 Het'illiC: Shil|(ilig....

-f'-9,'.)'-r'.1,.Wi-.=#.: =..,Z'.2-2.

.

r

the 1946 t.sunami. Five persons died in the lighthouse.

Other (st,immis linve been damaging in Alaska litit
Ull 11 11 111*lt·h lesser Holle. Figtires 11-17 nd 11-18 111·e
before·and-after photographs of the Scouh Cape
I,ighthowle on Unimak Island of the April 1, 1946.
tsuninni. '1'1(icis eviclence t.c, inclicnie that the wave

reitched„ height of t)(4100 feel. Five lives wei,· hist ul

178}4.h,k 27 Al „.1 i l'i·ni „4„ ?
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1845 Yi,kuM [lity 9
1 85:1-1854 1.11.'.·11 liny 120

1874 hwmt!ny 21

1878 Aug. 29 i'„I I...&

188:10,1 6 MI. Alit:u·line· i·rniion 7"-9

1,199 St-pl. 10 Yi,ki,zi,1 11,•v 10

2
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I!*15 .Ii, I 1 Yillutal Itay :15
1425 Fi h 23 init Voldez ?

1!0 Mir. 6 Fox Idall,14

1936 Oct. 27 Lituvi, ilay 150

1$138 Nov. 10 Shuning,n laund. Ala,ka Penin· 0.2

ht,In

1446 April 1 . Fc I INland: :10

19·19 Aug. 2. Sou,h Al.ski (].1
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I'rin. i• William Sound 166
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