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1.  Introduction

New Zealand’s tectonic setting, astride the
obliquely convergent tectonic boundary be-
tween the Pacific and Australian plates, means
that it experiences a high rate of small to mod-
erate earthquakes, many large earthquakes and
occasionally, great earthquakes (figs. 1 and
2a,b). Beneath the North Island and Northern
South Island (the Hikurangi margin), the Pacif-
ic Plate descends beneath the Australian Plate,
the maximum depth of earthquakes generally

increasing towards the North-East, while in the
South West of the South Island, the Australian
plate descends beneath the Pacific plate, with
earthquakes to depths of ca. 140 km. 

Between the two subduction zones is a tran-
sition zone, characterised by continental colli-
sion and dominated by the ~ 400 km long dex-
tral strike-slip Alpine Fault. 

Over 300 active faults (surface faults shown
in fig. 3), exhibiting a range of rupture styles
and characteristics, many capable of producing
large to great earthquakes, have been identified
throughout the country (see Stirling et al.,
2002). Large earthquakes also occur within the
subducting slabs. The subduction interfaces in
the North and South of the country are consid-
ered capable of large earthquakes, although no
large events have been unequivocally identified
along the Hikurangi margin in the historical
record. Volcanism occurs at several locations in
the North Island (fig. 1).
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Fig.  1. Main tectonic features of the plate boundary through New Zealand, with north-west dipping subduction of
the Pacific plate along the Hikurangi trench, and south-east dipping subduction of the Australian plate along the Puy-
segur Trench. The two zones are linked by a zone of continental collision, dominated by the dextral strike-slip trans-
form Alpine Fault. Also shown are the main centres of onshore or near-shore volcanism (m ), and the Central Volcanic
Region (CVR), where back-arc spreading is occurring. Inset shows 10 years of shallow (depth < 40 km) seismicity.

bilistic landslide hazard analysis (G. Dellow
pers. comm.) and probabilistic tsunami haz-
ard analysis (Downes and Stirling, 2001). The
records of historical earthquakes, landslides,
tsunami and volcanic events play important
roles in the development of the probabilistic

Probabilistic Seismic Hazard Analysis
(PSHA) techniques are already in use in New
Zealand (Stirling et al., 2002). New method-
ologies are being developed to extend PSHA
techniques to probabilistic volcanic hazard
analysis (Stirling and Wilson, 2002), proba-
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models, and there is ongoing research to en-
sure that the historical record is as complete
and as comprehensive as possible. The recent
move to introduce time dependence into
probabilistic seismic hazard models means
that the record of large shallow earthquakes
becomes even more important.

Since organised European settlement
(mostly from the British Isles) began in 1840,
New Zealand has experienced at least 21 M ≥ 7
shallow (depth ≥ 40 km) earthquakes near-
shore or on-shore (fig. 2a,b). Few M ≥ 7 on-
shore shallow earthquakes have, however, oc-
curred in what might be considered the modern
instrumental era, that is, since the mid-1940s.
Although two Milne seismographs were in-
stalled in New Zealand in 1900-1901, it was
not until the mid-1940s that the New Zealand
Seismic Network had developed sufficiently to
allow routine calculation of instrumental loca-
tions for earthquakes of magnitude 4 and above
within the central area of New Zealand (38°S-
42ºS), provided all stations were operating.
The record of M ≥ 7 earthquakes (shallow and
deep) is considered complete after 1943. The
Modified Mercalli Intensity Scale was also
adopted in 1943, replacing the Rossi-Forel In-
tensity Scale.

Of the M ≥ 7 shallow earthquakes since
1943 (fig. 2a,b), the 1968 Mw 7.1 Inangahua
earthquake was the only event centred on-
shore. It occurred in a mountainous, sparsely
populated area. In consequence, there is a
paucity of data on the effects of strong shak-
ing on the modern built environment, and on
«lifelines» (water, gas, electricity distribution
systems, road and rail systems, etc.) in major
population centres. This makes the develop-
ment of robust relationships between well-
constrained earthquake parameters (magni-
tude, location, depth and mechanism), inten-
sity of shaking, and engineering parameters
difficult. However, in the 100 years prior to
1943, at least 16 shallow earthquakes exceed-
ed magnitude 7. Most were located on shore,
most were within the main seismic areas
(figs. 1 and 2a), and many occurred within or
close to major population centres. Not only
were large earthquakes more numerous in this
era, but also they were generally larger (fig.

2b). Multi-disciplinary studies of these events
are now providing much needed data for the
earthquake engineering community, earth-
quake geologists, engineering geologists,
seismologists and tsunami scientists. For the

Fig.  2a,b. a) Known historical (post-1840) M ≥ 6.0
shallow (depth ≤ 40 km) earthquakes, divided into
two eras, pre-1943 and post-1942. Symbol (�) shows
the approximate location of the 1993 Tikiokino and
1958 Ashley Clinton earthquakes. b) Large earth-
quake timeline, showing the occurrence of large
earthquakes (M ≥ 6.5) in time since systematic Euro-
pean settlement in 1840.

b

a
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purposes of the rest of this paper, the descrip-
tor «historical» is used to refer to these pre-
1943 earthquakes.

This paper discusses currently available re-
sources, procedures and tools to analyse these
historical earthquakes, with examples given
from recent studies. Knowledge gaps, com-
pleteness levels and parameterisation of the cat-
alogue are discussed. A study of the 1855 M 8+
Wairarapa earthquake illustrates the wealth of
data available and how well the locations, ef-
fects and magnitudes of historical earthquakes
can be constrained using multi-disciplinary
techniques. The 1855 earthquake is of impor-
tance not only as New Zealand’s largest histor-
ical earthquake, but also, it is of international
interest because of its significance for the emi-
nent British geologist of the 19th century, Sir
Charles Lyell.

2. Historical earthquake record

In comparison with European and Asian
countries, New Zealand’s written history is
brief, going back just a little more than 160
years, reflecting the arrival of European settlers
in New Zealand. Unlike Europe, New Zealand’s
history is uncomplicated by temporal and spa-
tial variations in language or borders, making it
possible for seismologists, geologists and earth-
quake engineers to unravel the historical earth-
quake record, largely without the necessity to
engage historians, for example, to interpret
manuscripts in ancient language forms. The oc-
casional translation and interpretation of Maori,
German, French, or Scandinavian language
manuscripts is all that is needed. The last three
languages reflect sparse early settlement by
non-British immigrants.

2.1. Completeness levels and knowledge gaps

The completeness levels of the earthquake
record depend on four main factors; whether
there were people to record events, whether
they created records, whether those records
are available today in sufficient quantity for
analysis of the earthquakes recorded, and
lastly, whether those records have been
searched out for earthquake information.

The first written account of an earthquake
in New Zealand, on 11 May 1773, is found in
the records of Captain James Cook’s voyages
of discovery to the southern oceans (Cook,
1777). Sealers and whalers arrived from the
early 1790s. Most ships’ logs and sailors’
journals from this era are relatively inaccessi-
ble in overseas repositories, and require ex-
tensive, time-consuming searching for per-
haps little reward. The result is that few have
been searched exclusively by the author for
geohazards information or as far as is known
by other historical earthquake researchers in
New Zealand. However, as historians inter-
ested in pre-1840 European settlers and seal-
ing and whaling history search out and pub-
lish new material, information on large earth-
quakes and some tsunami events may be un-
covered. Unfortunately, accounts are almost

Fig. 3. Recognised active surface faults in New
Zealand (for details see Stirling et al., 2002).



403

Procedures and tools used in the investigation of New Zealand’s historical earthquakes

always tantalisingly brief and incomplete, of-
ten only record events at sea, and only record
effects at one or two isolated sites.

Christian missionaries arrived in New
Zealand from about 1814. Although excellent
chroniclers of day-to-day domestic affairs
and clerical duties, they lived for the most
part in the northern part of the North Island,
where seismic activity is low. By the time
they extended their missionary activities to
more Southerly areas in the late 1830s, sys-
tematic settlement of these areas by Euro-
peans had just about begun.

The missionaries were responsible for de-
veloping the spoken language of the indigenous
people, the Maori, into written form. Although

several oral history records and legends refer-
ring to significant pre-European settlement geo-
hazards events have been uncovered and ap-
proximately dated, there has as yet been no sys-
tematic searching for new events within exist-
ing published or unpublished material.

Hence, it is only from 1840 with the initi-
ation of systematic European settlement, that
there is a continuity of written historical ma-
terial, and it is only from this time that the
record of historical earthquakes has the po-
tential to be complete. However, the com-
pleteness varies with time as the density and
distribution of the population, as well as their
predominant activity, changed (fig. 4). The
general impression is that town dwellers kept

Fig.  4. The distribution and predominant activity of the New Zealand population in 1860s (adapted from Plate
30, McKinnon et al., 1997).



more complete personal journals than pas-
toralists, who tended to record farm activities
with very little detail about other activities.

The completeness of the earthquake record
is also dependent on terrain. Even today, some
parts of New Zealand are still virtually unpopu-
lated because of high, glaciated or densely
forested, rugged mountains that run in a spine
along the west coast of the South Island. The

record of earthquakes in Fiordland, in the south
west of the South Island, is almost certainly se-
riously incomplete and locations very poorly
constrained until the 1930s or later.

The last factor that affects the complete-
ness levels of the earthquake record, which
are summarised in table I, is how intensively
historical information sources have been
searched for earthquake data.
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Table  I. Summary of the completeness levels of the historical earthquake part of the New Zealand National
Earthquake Information Database.

Historical (onshore) Earthquake Catalogue Completeness

Pre-1855 - pre-instrumental

– Extensively researched and events data published (Eiby, 1968, 1973). Some revi-
sion probable with new data.

– In-depth studies of major events completed, where data sufficient.
– Complete to shallow M ≥ 6.5 in central area and north only (estimated).

1855-1900 - pre-instrumental

– Most major/significant earthquakes probably identified through early catalogues,
but most await in-depth studies.

– Extensive research needed to identify all felt earthquakes, to ensure no major
earthquakes have been missed, and evaluate known earthquakes.

– Probably complete to shallow M ≥ 7.0 onshore earthquakes, except in south west,
and west coast until 1860s (estimated).

1901-1942 - early instrumental

– Most major/significant and many smaller earthquakes identified
– Locations, MM intensities, isoseismal maps, and MS for M ≥ 6.5 and other se-

lected earthquakes revised using available material. Smaller earthquakes, R-F in-
tensities only.

– MW and source parameters obtained for largest events dating from 1917 using
body wave modelling.

– Major multidisciplinary studies on most M ≥ 7.0 earthquakes
– Many lesser events warrant in-depth studies, possibly resulting in location

changes
– Much available data in files (e.g. felt reports, newspaper clippings, pub. papers).
– Complete to M ≥ 6.5 over most of the country except Fiordland, increasing to 

M ≥ 4.0 between 38ºS-42ºS by 1942 (estimated).
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Table  II. Summary of the parameters used in the historical earthquake part of the New Zealand National Earth-
quake Information Database.

National Earthquake Information Database (historical section) as at 2003

Computer database (Format: Oracle)
Earthquake parameters:

– Times UT, standard time adopted in 1868, pre-1868 times based on the assumption of local solar time;
– Epicentre – Latitude, longitude (the number of significant figures indicating reliability);
– Magnitude – MW, MS, ML, M, or magnitude range (Class A M ≥ 7.5; Class B M6-7.4; Class C M4.5-.9; 

Class D M < 4.5);
– Depth or depth class («C», crustal (i.e. there is no reason to suspect a deep focus); «S», shallow or up-

per crustal; «N», normal or lower crustal);
– Location code, indicating how earthquake parameters were determined: a number specifies the partic-

ular velocity model used in computer solutions; 
«G» graphical solution; 
«I» based on a large number of intensity data (i.e. reasonably reliable); 
«F» based on a small number of intensity data points (i.e. very approximate); 
«T» based on teleseismic data; 
«M» a mistaken report; 
«C» a confused reference (to some other phenomena).

– References to key papers only.
– No intensity data (intensity data, in form of place name and MM intensity, are included in the elec-

tronic database from 1943 only).

Paper copy only database
Intensity data:

– Pre-1943, intensity data as place name and intensity for many earthquakes but not all;
– Isoseismal maps, 123 available in Atlas of Isoseismal Maps of NZ Earthquakes (Downes, 1995), oth-

ers in recent publications, others unpublished as yet.

Future (in planning)

Computer database (Format: Oracle)
Earthquake parameters:

– Uniformly assigned/determined epicentre and other epicentres, each with depth or depth class, and
time as previous;

– Magnitude: all, as available, in separate fields with references;
– Mechanism and other rupture parameters, as available with references;
– Data sources, all relevant references, method of determination and reliability parameters;
– Metadata;
– Linked to other databases (e.g., strong motion, active fault, landslide, tsunami, post-earthquake recon-

naissance).
Intensity or effects data:

– Location defined by latitude, longitude (or NZ map grid reference) (+ references);
– Digitised isoseismal maps (+ references);
– Brief descriptive account of larger events (+ references);
– Descriptive summary of effects by place-name;
– Source material:

– Intensity data entered using forms processing software;
– Key-worded, annotated database of source material.
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3. Pre-1855

The period prior to 1855 has been studied
in detail (Eiby 1968, 1973), with every iden-
tified felt earthquake being listed, described
and catalogued, assigned a magnitude or
magnitude class, a location, a depth or depth
class and a code to indicate how the earth-
quake parameters were determined (see table
II for details). All source material used in the
compilation of Eiby’s catalogues was tran-
scribed and bound in two volumes (Grouden,
1966; Grouden et al., 1972). The 1848 M 7.5
Marlborough earthquake is the only event in
this period with sufficient data to warrant an
individual scientific paper.

Due to the priority of completing the later
period (1855-1930), searching for new data on
earthquakes in this period is not actively pur-
sued at present. However, it is not unusual to
find new accounts when searching for data on
later period earthquakes. The finding of im-
portant new historical evidence on the 1848
Marlborough earthquake, the only earthquake
in the period recently led Grapes et al. (1998)

to relocate the earthquake from the Wairau
Fault (Eiby, 1980) to the Awatere Fault (fig. 5).
New evidence included accounts of damage,
and the length and location of fault rupture –
including an 1854 map delineating part of the
Awatere Fault with the statement «Opening
made by the GREAT EARTHQUAKE of October
1847 [changed to 1848 on a later version of
the map]». Based on a new isoseismal map
and the historically observed >105 km rupture
length and geologically estimated 6 m mean
surface displacement, the magnitude was re-
vised from M 7.1 (Eiby, 1980) to M 7.4-7.5
(Grapes et al., 1998), using Dowrick (1992)
and Smith (1995 a,b) MM intensity attenua-
tion models, as well as Wells and Copper-
smith’s (1994) regression relationships. Sur-
face rupture of >105 km is consistent with re-
cent paleoseismological studies of the Awatere
Fault (Benson et al., 2001). Further, geological
studies of the Wairau Fault indicate that it has
not ruptured in historical times (Grapes and
Wellman, 1986; Berryman et al., 2000).

4. 1855-1900

The period 1855-1900 has not been stud-
ied in detail and it represents a knowledge
gap. Although the record of M ≤ 7 shallow
earthquakes in the period is probably com-
plete for a large part of the country, some may
have been missed in remote areas, such as
along the west coast of the South Island prior
to settlement in the 1860s, and in the south-
west of the South Island for the whole period.
Further, few felt earthquakes other than the
largest events have been identified. 

There is much searching yet to be done to
identify and evaluate the smaller events, to en-
sure that no significant events have been
missed, and to intensively study the largest
and/or most significant earthquakes. One ex-
ample of a significant, but not large, earthquake
is the 1869 M 5.0 Christchurch earthquake,
well constrained by descriptive accounts and
the extent of damage to a location within 5-10
km of the centre of Christchurch City at shal-
low depth (≤ 12 km) (Yetton and Downes, un-
pub. data). With no local events approaching

Fig.  5. Location map for the Wairau and Awatere
Faults in the Northern South Island. Tick marks in-
dicate the ~ 105 km of surface rupture of the Awa-
tere Fault observed in the 1848 M ~ 7.5 Marlbor-
ough earthquake.
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this magnitude since 1869, this event is unique
in Christchurch’s history and hence important
for seismic hazard assessment.

Of the four known magnitude M ≤ 7.0 shal-
low earthquakes in this period, the 1855 M 8+
Wairarapa earthquake and the 1888 M 7-7.3
North Canterbury earthquake have been studied
in detail (1855 earthquake: Eiby, 1990; Grapes
and Downes, 1997; 1888 earthquake: Cowan,
1991), while the 1863 M 7-7.5 Waipawa earth-
quake and 1868 M 7-7.5 Cape Farewell earth-
quake are undergoing intensive investigation at
present (Downes, unpub. data). Several smaller
but significant earthquakes are also in the
process of investigation, including three 1876
M 5+ Oamaru earthquakes (Reyners, pers.
comm.), the 1869 M 5.0 Christchurch earth-
quake, the 1870 M 6 Banks Peninsula earth-
quake, the 1881 M 6 Cass earthquake (Yetton
and Downes, pers. comm.), and the 1897 M 6+
Wanganui earthquake (Dowrick, pers. comm.).

5. 1900-1942

In the period 1900-1942, the record of 
M ≤ 7 earthquakes is considered complete, and
as the result of recent studies (Dowrick, 1994;
Downes et al., 1999; Downes et al., 2001;
Dowrick, 1998; Dowrick, unpub. data) the loca-
tions, magnitudes and intensity data of all 
M ≤ 7 earthquakes, as well as many M 6+
earthquakes, are fairly reliable.

Table I summarises the knowledge gaps and
completeness levels of the catalogue based on
expert judgement by Eiby (1988) and the author
rather than rigorous analysis.

6. Analysing historical earthquakes:
gathering and interpreting data

6.1. Resources

Collecting data in the form of descriptive
accounts, seismograph records, photographs,
maps, charts, reports, scientific papers, etc. is
but the first step, albeit the most time-consum-
ing step, to analysing historical earthquakes.
New Zealand is fortunate to have excellent

archival resources from which to gather histor-
ical source material. Although newspapers and
Government documents are prime sources of
descriptive accounts of earthquakes (and other
geohazards events), descriptive accounts and
comments in diaries and journals kept by the
early settlers have proved an excellent supple-
mentary resource. The new settlements seem to
have attracted a number of young, literate, sci-
entifically curious people, who wanted to un-
derstand their new and foreign environment.
Some were scientifically trained, some were
trained in surveying, and many apparently stud-
ied, or at least intelligently observed, botany,
geology or geography as leisure pursuits. The
general populace seemed to be interested in sci-
entific discovery and discussion also, many
recording their thoughts and theories in their di-
aries, as well as in letters to newspaper editors.

Some of the most valuable resources are the
files and archives of GNS. This organisation
holds the scientific records of several predeces-
sor organizations that were once part of the NZ
Department of Scientific and Industrial Re-
search (DSIR), in particular, the files of the
New Zealand Geological Survey and DSIR
Geophysics Division. These organisations, in
turn, inherited files from their predecessors,
back to the 1860s. Files relating to historical
earthquakes include a large collection of earth-
quake felt reports (sent in by postmasters, tele-
graph operators, and later, the general public),
post-earthquake geological reconnaissance
files, newspaper cuttings, files of earthquake lo-
cations, unpublished earthquake catalogues,
seismograph records (from 1900), earthquake
analysts’ books of phase arrivals (from the
1920s), as well as geological and geophysical
reports and publications. GNS, a Government
owned geological and geophysical research or-
ganisation, also maintains the earthquake, land-
slide, volcano and GPS (Global Positioning
System) monitoring networks, as well as their
associated databases, including the National
Earthquake Information Database.

Other main national repositories of relevant
resource material are:

– Archives of New Zealand (several loca-
tions), which holds predominantly Government
papers, including parliament, Legislative and
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Departmental records, photographs, some film
archives, maps and charts, dating from the be-
ginnings of plans to settle New Zealand in the
late 1830s.

– National Library of New Zealand,
Wellington, a non-lending library with exten-
sive collections including books, including rare
books, most New Zealand publications, govern-
ment publications, magazines, newspaper
archives, art works, maps, charts, photographs,
as well as oral history records

– Alexander Turnbull Library, part of the
National Library of New Zealand, Wellington, a
non-lending library with extensive manuscripts
and archives collections, which include private
and business papers, journals and diaries, recol-
lections, as well as Australian and New Zealand
Joint Copying Project microfilms (see below
for description).

– Te Papa Museum of New Zealand. Te Papa’s
Archives fall into two categories. The first con-
sists of records generated by both the Museum
and National Art Gallery from the time they were
established in 1865 and 1930 respectively. The
second category is made up of archives acquired
by both these organisations since they began.

In addition, main libraries, museums and
universities in each of the main cities, as well
as libraries and small specialist museums in
many of the smaller centres, each have their
own collections, mostly relating to their area
or region. Genealogical research has become
very popular in New Zealand, and most li-
braries endeavour to cater for this audience.
Interest in genealogy, as well as appeals by na-
tional and local archival organisations, have
also lead to an appreciation of the historical
value of old diaries and journals, many people
now depositing the originals or copies in li-
braries and museums for safe keeping. Never-
theless, a large amount of material is still held
privately, and stories of the destruction of fifty
or more years of diaries dating from the 19th
century are not uncommon.

Microfilms of many private papers and pub-
lic documents held in British archives relating to
Australia and New Zealand are also available in
several libraries. The microfilms were created by
the Australian and New Zealand Joint Copying
Project, which operated from 1945-1993. 

Historical newspapers are undoubtedly one
of the best and most reliable sources of informa-
tion. Fortunately, many small towns, as well as
the provincial centres, published their own
newspapers until well into the 20th century.
They provide excellent coverage of what was
happening in outlying villages and pastoral cen-
tres. Collections of provincial newspapers are al-
most complete, and most are available on micro-
film at the National Library of New Zealand.
Collections of many other newspapers and mag-
azines are also very extensive, with microfilm-
ing an ongoing activity of the National Library
of New Zealand with priority given to the most
fragile collections. Some of the most complete
collections are held by the publishers, some pro-
tected far more carefully than they were 10 years
ago before their historical value was realised.

Another valuable resource is the listings of
earthquakes felt by climatological observers
published yearly from 1868 until 1902 in the
Transactions and Proceedings of the New
Zealand Institute, the forerunner organisation to
the Royal Society of New Zealand. These list-
ings were replaced in 1904 by the lists of events
recorded on the Milne seismographs. Prompted
by a meeting of the Australasian Association for
the Advancement of Science in Christchurch in
1891, Hogben (1891) and Hector (1891) pro-
duced comprehensive lists of earthquakes,
which were mainly based on the reports pub-
lished in the Transactions and Proceedings of
the NZ Institute mentioned above, but also in-
cluding some newspaper and other minor re-
ports (Eiby, 1988). These are the best early
summaries of pre-instrumental shocks, but nei-
ther contains any index of severity beyond a
few well recognised early shocks. Eiby (1988)
provides a good summary of other published
and unpublished lists of historical earthquakes.

Sir James Hector, Director of the Geological
Survey and the Colonial Museum, initiated an
earthquake reporting network in 1868. All tele-
graph offices throughout New Zealand were in-
structed to calibrate their clocks with Wellington
daily, and to report the times and effects of the
earthquakes that they or the nearby community
felt. Also, Government climatological observers
were asked to report earthquakes as part of their
duties (Eiby, 1988). Some of these reports are
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still in the files of the Institute of Geological and
Nuclear Sciences, Wellington, or in the Te Papa
Museum of New Zealand archives in Welling-
ton. This earthquake reporting network worked
well until the first few years of the 20th century
when it fell into decay as leading seismological
personalities became ill and died, and as the re-
sult of disruptions caused by the First World War
(Eiby, 1988). The reporting of earthquakes and
the keeping of files of felt reports started again
in about 1921, when the first of the New Zealand
Seismological Reports was published. Report-
ing of earthquakes seems to have become more
comprehensive at about the time of the 16 June
1929 Mw 7.8 Buller earthquake and the 1931
Mw7.8 Hawke’s Bay earthquake, New Zealand’s
severest earthquake in terms of casualties, with
more than 250 deaths (see Downes, 1995). The
files of the Institute of Geological & Nuclear
Sciences contain many felt reports from this pe-
riod, as well as extensive newspaper cuttings,
photographs, geological and engineering re-
ports, particularly on the effects of 1929 Buller
and 1931 Hawke’s Bay earthquakes. These two
earthquakes were also very well reported in the
scientific literature (for references, see Downes,
1995; Dowrick, 1998), in contrast to the March
1929 Mw 7.0 Arthur’s Pass, 1934 Mw 7.4 Pahiat-
ua, and 1942 June Mw 7.2 and August Mw 7.0
Wairarapa earthquakes (Mw from Doser et al.,
1999; Doser and Webb, 2003). In addition to the
extensive newspaper and other information on
the 1931 Mw 7.8 Hawke’s Bay earthquake,
which is summarised and analysed in Dowrick
(1998), complete documentation on compensa-
tion claims for domestic housing damage in the
epicentral area, amounting to many hundreds of
files, was also found by Dowrick, enabling him
to calculate the damage ratios for various types
of housing as well as quantify the distribution of
building damage for rock, and soft and firm soil
sites (Dowrick et al., 1995).

6.2. Limitations

Once source information on historical earth-
quakes has been assembled, several factors lim-
it our ability to interpret it. Among the prob-
lems encountered in New Zealand are those

caused by changes in place names through time
from Maori to European names, or successions
of European names, the same names applied to
multiple locations, multiple names for the same
location, and the corruption of Maori names as
the Europeans attempted to write down what
they heard. Reliable locations cannot be found
for many Maori landmarks referred to in early
manuscripts.

In addition, the social and political repercus-
sions following the occurrence of strong shallow
earthquakes near Wellington in 1848 and 1855
(fig. 2a,b) affected the way earthquake effects
were reported in some publications for several
decades (see Grapes and Downes, 1997). The
1848 M 7.5 Marlborough earthquake (Grapes et
al., 1998), which damaged or destroyed almost
all brick buildings in Wellington and caused
three deaths in a large aftershock, was enough to
cause many settlers to leave (Eiby‚ 1980). The
occurrence, eight years later, in 1855, of a sec-
ond stronger, more damaging and frightening
earthquake, the M 8+ Wairarapa earthquake
meant that more settlers left (Grapes and
Downes‚ 1997). More importantly for the
Wellington colony’s promoters, the earthquake
had the potential to discourage prospective im-
migrants and to cause the other rival major set-
tlements to consider that Wellington was unfit to
be the centre of Government. As a result, the
government of the day, as well as those who had
invested heavily in the settlement, attempted to
downplay the damage and distress both locally
and in official reports and private documents
that were sent to Britain. Analysts of historical
earthquakes for some time after these earth-
quakes need to be aware that some accounts,
particularly those from government or immigra-
tion authorities, might be distorted.

7.  Analysing historical earthquakes:
determining parameters

The two most important parameters usually
sought for cataloguing historical earthquakes
are magnitude (or magnitude range) and loca-
tion (with an estimate of its accuracy). Our abil-
ity to determine these parameters divides New
Zealand’s large historical earthquakes into two
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categories – pre-instrumental period earth-
quakes, for which there are little or no useful in-
strumental data, and early instrumental period
earthquakes, for which sufficient teleseismic
data are available to permit the calculation of
surface wave magnitudes (Ms), moment magni-
tudes (Mw), mechanisms and depths (from
1917), for shallow and some intermediate depth
earthquakes. As will be shown, data on early in-
strumental period earthquakes, as well as mod-
ern earthquakes, have been used to develop the
tools for assessing the effects of future earth-
quakes, but they are also invaluable for
analysing pre-instrumental period earthquakes.

However, the most important requirement
for analysing a region’s historical earthquakes
is an extensive knowledge of its tectonics, geol-
ogy and recent seismicity. To obtain the best
understanding and interpretation of historical
data, the skills and knowledge of seismologists,
earthquake and landslide geologists, geodesists,
earthquake engineers, and tsunami scientists of-
ten need to be brought together.

7.1. Early Instrumental period earthquakes
(1917-1942)

Dowrick and Rhoades (1998) have deter-
mined Ms for all shallow earthquakes over
magnitude 5.5 since 1900. Body wave model-
ling techniques have yielded source parameters
(moment magnitudes, depths and mechanisms)
for all M > 6.0 North Island, and M ≥ 6.3 South
Island, shallow and intermediate depth histori-
cal earthquakes that have occurred since 1917
(see Doser et al., 1999, Doser and Webb‚
2003). The tools developed from these recent
studies make the task of locating and analysing
historical earthquakes of the early instrumental
period simpler.

In the last ten years, all except one of the 
M ≥ 7.0 shallow earthquakes from 1929-1942
have been studied in detail (Dowrick, 1994,
1998; Downes et al. 1999, 2001). These have
resulted in well-constrained locations and iso-
seismal maps, as well as a wealth of data on the
distribution of landslides and liquefaction, on
microzone effects, on the vulnerability of life-
lines (water, gas and sewage systems, road and

rail, etc). In addition, much data have been
found on the performance of various classes of
structures, including reinforced concrete and
retrofitted masonry buildings, some of which
still exist today. All the studies involved the
comprehensive collection and analysis of de-
scriptive, scientific and engineering accounts of
effects and damage from many sources. Sever-
al of the studies were multi-disciplinary or in-
volved multidisciplinary collaboration and
sharing of data (for example, Downes et al.,
1999; 2001, Schermer et al., 2003). Of the two
studies that involved mainshock and aftershock
relocations using early local seismograph
records, the study of the 1934 Mw 7.4 Pahiatua
earthquake (Downes et al., 1999) and its asso-
ciated paleoseismological study (Schermer et
al., 2003) were particularly successful.

Prior to these studies, the location of the
1934 earthquake had an uncertainty of 100
km, the distribution of intensity of shaking
data was sparse, and no surface fault rupture
was known to be associated with the earth-
quake. Taking into account the shallow depth
determined in preliminary (now published)
source mechanism results of Doser and Webb
(2003), Downes et al. (1999) found new in-
strumental locations for the mainshock and
aftershocks, which correlated well with the
newly determined well-constrained intensity
distribution (fig. 6a,b). Further, the fortuitous
location of a Wood Anderson seismograph al-
most along the apparent strike of the fault
plane allowed an estimation of the approxi-
mate length of the fault plane using M > 3.5
aftershock S-P intervals. The S-P intervals al-
so suggested the mainshock epicentre lay at
one end of the fault, consistent with the in-
tensity distribution.

Given the new location and the shallow
depth of the earthquake, Schermer et al. (2003)
investigated active faults in the area, including
trenching several of the «freshest» looking fault
scarps. The latter resulted in the identification
of surface fault rupture in the Waipukaka Fault
zone (fig. 6a,b), which had clearly occurred
since European settlement of the area because
of the presence of charcoal (the area was heav-
ily forested until after 1874) and historical arte-
facts (glass objects and the sole of a shoe) em-
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bedded in the rupture zone. The 1934 earth-
quake is the most likely earthquake to have
caused that rupture.

Recent research in the early instrumental
period has not been confined to the largest
earthquakes, or to the shallow earthquakes. To
provide the data to develop new attenuation of
intensity models, Dowrick (see Dowrick and
Rhoades, 1999) and Downes have developed
new isoseismal maps for another 30 or so well-
constrained pre-1943 smaller events as well as
a number of large earthquakes in this period not
yet the subject of in-depth studies. Previously,
for these events, there had been either no iso-
seismal map, or the existing map had been
based on a conversion of Rossi-Forel to MM in-
tensities without sighting original reports.
These data, together with data from the individ-
ual large earthquake studies, including some
pre-1900 events (those which have a magnitude
independent of intensity of shaking distribu-
tion, that is, from fault length or dislocation
model), and data from modern era earthquakes
were used to develop robust MM intensity at-
tenuation relationships involving magnitude,
focal depth, source mechanism, fault orienta-
tion, and regional characteristics parameters
(Dowrick and Rhoades, 1999). It should be not-
ed here that the sparseness of the population
and hence sparseness of intensity points for
New Zealand typically result in simply con-
toured elliptical isoseismal patterns.

Dowrick’s isoseismal map revisions (see
Dowrick and Rhoades, 1999) and the large
earthquake studies have also made it possible to
refine descriptors in the New Zealand version
of the Modified Mercalli Intensity Scale
(Dowrick, 1996). One problem encountered
when applying the MM Scale to early historical
earthquakes is the difficulty in determining high
intensities in the near absence of masonry
buildings in historical rural settings. In histori-
cal times, most domestic housing was of wood
construction, with brick, reinforced or unrein-
forced, chimneys depending on the era.

The tools, as outlined above, provide the
means to analyse pre-instrumental earthquakes,
as well as smaller earthquakes not yet studied in
the early instrumental period. Other useful tools
are the relationships between size and extent of

Fig 6a,b. a) Relationship of the instrumental loca-
tions of the 1934 Mw 7.4 Pahiatua earthquake and its
aftershocks to the MM intensity isoseismal map and
the Waipukaka Fault zone. b) The distribution of S-P
intervals recorded on Wellington Wood Anderson
seismograms. Note that the five earthquakes with 
S-P intervals of 19-21 seconds include the Poranga-
hau earthquake sequence (ML 5.0, ML 4.6, ML 5.6)
five days after the mainshock, as well as the offshore
ML 5.2 earthquake just south of 41ºS within 26 h of
the mainshock.

a

b
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earthquake induced landsliding and other ground
damage, and earthquake magnitude and location,
MM intensity, topography and geology, devel-
oped by Hancox et al. (2002). These relation-
ships were based on detailed study and mapping
of landslides and other ground damage caused
by 22 well-constrained historical earthquakes
from 1848-1995, only two events being pre-
1900. The relationships are useful for identifying
the epicentral region of pre-instrumental earth-
quakes, most particularly in the absence of in-
tensity data based on building or contents dam-
age, which is the preferred and more reliable ba-
sis for assigning intensities. However, the refine-
ment of ground damage descriptors in the MM
scale, developed by Hancox et al. (2002) also, do
help constrain the types and extent of damage
observed within in each intensity level.

7.2. Pre-Instrumental or very early instrumental
earthquake period (pre-1917)

Our ability to locate and determine reliable
magnitude, epicentre and depth parameters for
earthquakes in this period is clearly dependent
on the variable data quantity and quality allowed
by the distribution of the population, on whether
a surface fault rupture was identified, and on
whether the earthquake was shallow or deep.

The shallow (depth < 40 km) earthquakes are
easier to locate, but still present some difficulties.
The best location of a large pre-instrumental
earthquake that can be hoped for is the identifica-
tion of the fault on which it occurred, or which
was ruptured to the surface. However, not all
M ≥ 7 shallow earthquakes rupture to the surface,
at least in parts of New Zealand. Although four
shallow (upper plate) strike-slip Mw ≥ 7.0 earth-
quakes occurred (onshore) in the North Island be-
tween 1931 and 1942, only two are known to be
associated with surface rupture (Doser and Webb,
2003). In one of these, the 1931 Mw 7.8 Hawke’s
Bay earthquake (~ 30 km deep), a surface rupture
of only 15 km was observed, although surface de-
formation occurred in a region 90 km long and 17
km wide (Hull, 1990).

Even in the ideal circumstance of a sur-
face rupture being identified for an earth-
quake, defining a single parameter as the

Fig.  7a,b. a) Location and isoseismal map of the
1855 M 8+ Wairarapa earthquake, showing b) the lo-
cation of the Wairarapa Fault, regional deformation,
the location of maximum uplift, and tsunami run-up.

a

b
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earthquake’s location in a parametric cata-
logue can be a problem. For example, the
1855 M 8+ Wairarapa earthquake (see fig.
7a,b) ruptured about 100 km of the onshore
part of the Wairarapa Fault with a possible 30
km more off shore (Grapes and Wellman,
1988; Grapes and Downes, 1997). The best fit
dislocation modelling of the recorded defor-
mation in this event suggests that the
Wairarapa Fault could curve down towards
the west to meet the plate interface some 20
km or so west of the surface expression of the
fault at a depth of 25 km (Darby and Bean-
land, 1992; Grapes and Downes, 1997). His-
torical descriptive accounts suggest that the
earthquake initiated closer to one end than the

other (Grapes and Downes, 1997), but
whether, for catalogue purposes, it is reason-
able to use this information or to merely iden-
tify the generic centre of the fault as the
earthquake’s epicentre is a question that still
needs to be addressed.

In the absence of a surface fault rupture, un-
equivocally identifying whether an earthquake
is shallow or deep is not without problems.
Firstly, large earthquakes deep in the subducting
slab (> 70 km) can produce isoseismal patterns
that resemble moderate magnitude shallow re-
gional earthquakes (fig. 8a,b). This problem will
arise mostly when the intensity data are sparse,
and the descriptive accounts are too imprecise to
identify an S-P interval or aftershocks.

Fig.  8a,b. Similarity of the isoseismal maps of the 24 June 1951 ML 6.3 33 km deep Hawke’s Bay earthquake
(a) and the 5 January 1973 ML 7.3 ~ 170 km deep North Island earthquake (b) illustrates that, in the case of spars-
er intensity data points than shown here, differentiating between moderate magnitude shallow and large magni-
tude deep historical earthquakes may be difficult.

a b
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A second problem arises because the pres-
ence or absence of aftershocks is not always a
clear indicator of shallowness. The occurrence
of a large number of aftershocks most often in-
dicates a shallow crustal shock, or an event in
the upper seismicity band of a double-banded
Benioff zone, and the paucity or absence of af-
tershocks usually indicates a much deeper event
or one in the lower seismicity band of a double-
banded Benioff zone (Robinson, 1994). Pacific
Rim plate interface earthquakes can be after-
shock-rich, or aftershock deficient (Singh and
Suárez, 1988). Aftershock deficient subduction
interface earthquakes have been shown to char-
acterise several subduction zones or parts of
subduction zones around the world (Singh and
Suárez, 1988) and it is possible that the Hiku-
rangi margin includes one of these zones. For
example, the mechanism of the aftershock defi-
cient 1993 ML 5.9 Tikokino earthquake at a
depth of 25 km (see fig. 2a,b) has been shown
to be consistent with the earthquake rupturing
the plate interface (Reyners et al., 1997). Al-
though the data are too poor to constrain their
depths, two other low aftershock producing
events have occurred within 50 km, the 1958
ML 6.1 Ashley Clinton earthquake (restricted to
a depth of 33 km) (see Downes, 1995), and the
1904 MS 6.9 M 7+ Cape Turnagain earthquake
(Downes, in prep.) (locations shown in fig.
2a,b). The problems locating the 1904 earth-
quake exemplify the problems of unequivocally
defining depths for historical earthquakes.

For the reason that early earthquakes are
vulnerable to revision with new data, all reports
of felt earthquakes in the pre-instrumental peri-
od will be summarised in a descriptive cata-
logue, similar to that produced by Eiby (1968,
1973). Transcription and key-wording of source
material has been completed for some of the
larger earthquakes and is under way for the pre-
1900 catalogue, to facilitate future revision and
to maximise the usefulness of the catalogue for
researchers in many fields.

8. Catalogue parameterisation

The format and extent of the data in the his-
torical earthquake part of the present National

Earthquake Information Database are sum-
marised in table II. There are some inadequa-
cies in this database, and an expansion of it is in
the planning stages. The fields under consider-
ation for inclusion in this database are indicat-
ed in the second part of table II.

One of the inadequacies of the present data-
base is that none of the felt intensity data on pre-
1943 earthquakes has been included in the elec-
tronic part of the catalogue, that is, the data ex-
ist only in written form on paper. Another seri-
ous inadequacy is that, although epicentres of
historical earthquakes were assigned or deter-
mined in a uniform and consistent manner when
the electronic database was set up in the late
1980s, epicentres have been assigned recently
in a variety of ways, which are not always read-
ily apparent in the method of determination pa-
rameters. A more serious flaw in the database is
that it allows only one entry for some fields
where multiple entries might be more appropri-
ate, and some parameters, such as source mech-
anism, are not included at all. Another problem
that needs further consideration is that of epi-
centres of large historical earthquakes generally
not being comparable to instrumentally deter-
mined epicentres – possibly resolvable by in-
cluding parameters in the database that better
describe source location and rupture area. In de-
veloping the new database, such inadequacies
and problems will need to be addressed.

The database, for both modern and histori-
cal earthquakes, should be able to adequately
represent all available reliably determined
earthquake location, source, magnitude and ef-
fects parameters (and their method of determi-
nation, reliability parameters, etc.). It should al-
so attempt to satisfy those users who require
uniformly determined epicentral or source pa-
rameters (for example, for statistical analysis of
earthquake occurrence in time and space), as
well as those who require the most accurate lo-
cation, source and rupture propagation parame-
ters derived from special studies, and those who
require detailed information on earthquake ef-
fects. Hence, multiple entries in some fields, as
well as new fields, are required, as well as a
database interrogation interface that allows re-
searchers to choose the set of parameters most
appropriate to their research.
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9. 1855 January 23 M 8+ Wairarapa
earthquake

The 1855 January 23 M 8+ Wairarapa
earthquake is New Zealand’s largest earth-
quake since organised European settlement in
1840. This earthquake, and to a lesser extent,
the 1848 M 7.5 Marlborough earthquake, had
a significant social and economic effect on
the future nation and building style of New
Zealand (Grapes and Downes, 1997). As far
as its effects on the environment, the earth-
quake ruptured to the surface along the
Wairarapa Fault, with what is recognised to-
day as 9-14 m of dextral motion and up to 3
m vertical motion at the fault (Grapes and
Wellman, 1988; Grapes and Downes, 1997)
(fig. 7a,b). Regional uplift occurred west of
the fault, with up to 3 m uplift along the south
coast of the North island coast recorded at the
time by surveyors and others, based on
changes in the levels reached by the tides
along the coast (Grapes and Downes, 1997).
A local maximum has been shown to have
occurred near Turakirae Head, geologically
(McSaveney and Hull, 1995; McSaveney and
Downes, 2003), and historically, in an 1868
property survey map that delineates the pre-
uplift high tide mark (see Grapes and
Downes, 1997). The earthquake caused dam-
age to the built and natural environment over
a very wide area, with up to 9 deaths. A sig-
nificant tsunami swept through the Cook
Strait Region reaching a maximum recorded
height of 9-10 m above sea level at the time,
and up to 5 m in locations now occupied by
the suburbs of Wellington City.

Although this earthquake has been well
known as the New Zealand’s largest earthquake
and its effects generally recognised for some time
(for example, see Eiby, 1989), the mammoth task
of compiling and analysing all the historical data,
started independently by seismologist, G. Eiby,
and geologist, R. Grapes, was continued and ex-
panded in a collaborative project by Grapes, and
Downes (a seismologist) after Eiby’s death, and
only completed in 1997 with a comprehensive
analysis of the earthquake and its effects (Grapes
and Downes, 1997). Before his death, Eiby pub-
lished a paper showing that a tradition of signifi-

cant uplift in a small part of the Wellington region
was not supported by geological evidence (Eiby,
1990), exemplifying the problems historical
earthquake analysts have in identifying fact and
fiction. In the case of the 1855 earthquake, remi-
niscences in particular frequently confuse the ef-
fects with those of the previous large earthquake
near Wellington in 1848.

The analysis of the 1855 earthquake by
Grapes and Downes (1997) is an illustration of
the techniques in analysing historical earth-
quakes in New Zealand used in the last few
years, following the example set by Eiby with
his pioneering comprehensive analysis of the
1848 Marlborough earthquake (Eiby, 1980).
Using over 200 historical documents as the pri-
mary data source for their analysis, but also tak-
ing into account the results of more recent geo-
logical, geomorphological and seismological
investigations of the deformation, Grapes and
Downes (1997) discuss most aspects of the
earthquake including:

– Mainshock magnitude and epicentre, using
attenuation models, dislocation models of the
earthquake (Darby and Beanland, 1992), and
structural and tectonic models developed from
seismicity beneath Wellington (Robinson, 1989)
to constrain the magnitude and likely fault plane.

– Felt intensity distribution.
– Descriptive account of the effects of the

mainshock on people (including casualties) and
man-made structures by location throughout
New Zealand. A résumé of contemporary build-
ing techniques is included.

– Effects on the environment from strong
shaking such as fissuring, liquefaction, sand boils,
lateral spreading, settlement and landslides.

– Effects on the environment from tectonical-
ly produced uplift and faulting, including biolog-
ical (death of seashore animal and plant life) and
atmospheric effects: tsunami and seiche; after-
shock occurrence; social response and recovery.

Historical documents included contempo-
rary personal diaries, letters and journals,
newspaper reports and articles, memoranda
and reports of the Wellington Provincial Gov-
ernment as well as later reminiscences, ex-
tracts from published scientific papers, maps
and surveys, sketches and art works, books
and other articles. 
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Although most of the papers were found in
New Zealand archives, several were sourced
from Britain, sometimes through intermediaries.
For example, the published accounts of the
British geologist, Sir Charles Lyell, who, in
1856, first recognised the importance of the
earthquake as causing the greatest deformation
and fault rupture then known, are of prime im-
portance as are his private letters (Lyell, 1856c),
and note books (Lyell, 1856d), which were tran-
scribed from the originals and supplied to the
authors by Leonard G. Wilson (U.S.A.).

Much of the data is presented in Grapes and
Downes’ (1997) paper with extensive quotations
from the source material, especially where con-
flicting accounts on important aspects have been
found. All material is analysed with an under-
standing of geographical, social and political con-
ditions at the time. The reliability of the material
is taken account of so that first-hand accounts,
that is, those which were recorded no more than
several years after the earthquake, and in which
there are no obvious inconsistencies or confusion
with other earthquakes, are valued most highly.

In addition, Downes and Grapes (1999) have
transcribed, key-worded, referenced, cross-ref-
erenced, and annotated the source material (over

250 pages), in such a way that it can readily be
made into a searchable computer database in the
near future, so that extracts relating to any par-
ticular aspect or effect of the earthquake and/or
from any particular location can be recovered
simply and quickly. Reliability, events and ef-
fects keywords (location keywords are not list-
ed) are given in table III. Many of the extracts
are annotated to provide some insight about the
author, the reliability of the account, or about im-
portant details contained within the extract.
Compilation of the source material in such a
manner provides the means for further detailed
studies or reinterpretation, as new evidence – his-
torical, seismological, geotechnical, geomorpho-
logical or geological – becomes available.

9.1. The 1855 earthquake, Sir Charles Lyell
and global understanding

The private and published papers of the
eminent 19th century British geologist, Sir
Charles Lyell, are the only contemporaneous
scientific accounts and evaluations of the 1855
earthquake’s effects on the landscape (for ex-
ample, Lyell, 1856a–d; 1868). As such, they

Table  III. Reliability, events and effects keywords used the compilation of transcriptions of source material for
the 1855 M 8+ Wairarapa earthquake.

Reliability Event Effects

Primary Mainshock Artesian well effects
Primary/reminiscence Aftershocks Artworks/maps/charts
Secondary Background information Atmospheric effects

Biological effects
Building damage
Casualty/injury
Faulting
Ground damage
Response/recovery
Tsunami/seiche
Uplift/subsidence
Volcanic effects

Notes: Primary = contemporary eyewitness account; Primary/reminiscence = eyewitness reminiscences; Sec-
ondary = second or third hand account; Artworks = sketches and paintings portraying earthquake effects; Back-
ground = relevant background information, mainly relating to uplift/subsidence, building construction tech-
niques, or social conditions. Other keywords are self-explanatory.
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provide data crucial to understanding of the
faulting and regional deformation that accom-
panied the 1855 M 8+ Wairarapa earthquake.
The 1855 earthquake was also of great impor-
tance for Lyell (Downes and Grapes, 1997), as
it provided him with invaluable evidence to
support his Uniformitarian theories.

In 1856, Sir Charles Lyell gave two papers
on the geological effects of the 1855 New
Zealand earthquake, one to the Royal Institu-
tion in London and the other, to the Geologi-
cal Society of France. Lyell’s evidence was
no doubt gathered from reports extracted
from New Zealand newspapers, the New
Zealand journal, the Reverend Richard Tay-
lor’s book, Te Ika a Maui (Taylor, 1855), all
transcribed in Downes and Grapes (1999),
but his understanding of the geological ef-
fects of the earthquake were principally de-
rived from interviews with three New
Zealand eyewitnesses. He met the three men
in London on number of occasions in early
1856, as well as maintaining a correspon-
dence. One of the eyewitnesses was the son of
the distinguished geologist, Gideon Mantell,
Lyell’s friend and colleague. Another was a
Royal Engineer who was, at the time of the
earthquake, working on a coastal road in the
area of maximum uplift. The third eyewitness
was a land owner in the South Island, whose
interests included geology.

Lyell recognised the 1855 earthquake as
«yielding to no other in magnitude of its geo-
logical and geographical importance» (Lyell,
1856a). In a lecture, given by a colleague on his
behalf to the Geological Society of France,
Lyell refers to «the formation of a great fault
and of an upheaval which is greater in vertical
height and horizontal extent than all disloca-
tions of this kind that I [i.e. Lyell] am aware of
to date» (Lyell, 1856b [translated from French
by G. Lamarche (NZ)]). Lyell also included da-
ta on the 1855 earthquake in vol. 2 of his «Prin-
ciples of Geology», stating that «the geologist
has rarely enjoyed so good an opportunity... of
observing [in the effects of the 1855 New
Zealand earthquake] one of the steps by which
those great displacements of the rocks called
«faults» may in the course of ages be brought
about. The manner also in which the upward

movement increased from north-west to south-
east explains the manner in which beds may be
made to dip more and more in the given direc-
tion by each successive shock» (Lyell, 1868).

For Lyell, the connection between large
earthquakes and sudden uplift, tilting and fault-
ing on a regional scale was indisputably demon-
strated, as was the principle that geological fea-
tures of the landscape could be explained as the
sum of sudden incremental changes rather than
by cataclysmic events. These results were ex-
pounded in his books, which were well read by
geological students around the world. Through
these, the 1855 New Zealand earthquake was in-
fluential in advancing global understanding of
earthquakes, faulting, regional deformation and
the geological record. 

10. Conclusions

In this paper, the principles and proce-
dures used by the author and others in
analysing New Zealand’s historical earth-
quakes have been outlined. It will have been
noted that the work of identifying and
analysing events is not complete, but is ac-
tively being done so that researchers in seis-
mic and other geological hazard events have
the best possible data on which to base their
assessments of hazard and risk.

Acknowledgements

The author thanks Drs Martin Reyners and
Warwick Smith, of the Institute of Geological &
Nuclear Sciences, for careful review of this paper.

The author also thanks the organisers of the
21st Course of the International School of Geo-
physics on «Investigating the Record of Past
Earthquakes», V. Garcia Acosta, R.M.W. Mus-
son and M. Stucchi, for the invitation to partic-
ipate in the course.

The author would also like to acknowledge
the support of the Foundation for Research,
Science and Technology and the New Zealand
Earthquake Commission in funding much of
the recent (last 10-15 years) research on histor-
ical earthquakes.



418

Gaye L. Downes

REFERENCES

BENSON, A. M., T. A. LITTLE, R. J. VAN DISSEN, N. HILL and
D. B. TOWNSEND (2001): Late quaternary paleoseismic
history and surface rupture characteristics of the East-
ern Awatere strike-slip fault, (New Zealand), Geol. Soc.
Am. Bull., 113, 1079-1091.

BERRYMAN, K., J. ZACHARIASEN, C. PRENTICE, P. VILLAMOR,
R. LANGRIDGE, M. STIRLING and M. RYMER (2000):
Late Holocene rupture history of the Wairau Fault (Ab-
stract), Geological Society of New Zealand, New
Zealand Geophysical Society Joint Meeting, 2000,
Wellington, Geol. Soc. N.Z. Misc. Publ., 108 A.

COOK, J. (1777): A Voyage Towards the South Pole and
Round the World, I, edited by W. STRACHAN and T.
CADELL, (London), pp. 120.

COWAN, H. A. (1991): The North Canterbury earthquake of
September 1, 1888, J. R. Soc. NZ, 21, 1-12.

DARBY, D. J. and S. BEANLAND (1992): Possible source
models for the 1855 Wairarapa earthquake, New
Zealand, J. Geophys. Res., 97, 12375-12389.

DOSER, D. I. and T. H. WEBB (2003): Source parameters of
large historical (1917-1961) earthquakes, North Island,
New Zealand, Geophys. J. Int., 152, 795-832.

DOSER, D. I., T. H. WEBB and D. E. MAUNDER (1999):
Source parameters of large historical (1918-1962)
earthquakes, South Island, New Zealand, Geophys. J.
Int., 139, 769-794.

DOWNES, G. (1995): Atlas of isoseismal maps of New Zealand
earthquakes, in Institute of Geological and Nuclear Sci-
ences Monograph 11 (Institute of Geological and Nuclear
Sciences Ltd, Wellington, New Zealand), pp. 300.

DOWNES, G. and R. GRAPES (1997): Lyell’s Fault, AGU
1997 Fall meeting, Eos, Trans., Am. Geophys. Un., 78
(suppl. to no. 46), p. 57.

DOWNES, G. and R. GRAPES (1999): The 1855 Wairarapa,
New Zealand, earthquake - historical data, Institute of
Geological and Nuclear Sciences Science Report 99/16
Institute of Geological & Nuclear Sciences Ltd., Low-
er Hutt, New Zealand, pp. 267.

DOWNES, G. and M. STIRLING (2001): Groundwork for the
development of a probabilistic tsunami hazard model
for New Zealand, in Proceedings of the International
Tsunami Symposium, August 7-10, 2001, Seattle,
Washington, 293-301. 

DOWNES, G.L., D.J. DOWRICK, E.G.C. SMITH and K. BERRY-
MAN (1999): The 1934 Pahiatua earthquake sequence:
analysis of observational and instrumental data, Bull.
NZ Soc. Earthquake Eng., 32, 221-245.

DOWNES, G.L., D.J. DOWRICK, R. J. VAN DISSEN, J.J. TABER,
G.T. HANCOX and E.G.C. SMITH (2001): The 1942
Wairarapa, New Zealand, earthquakes: analysis of ob-
servational and instrumental data, Bull. NZ Soc. Earth-
quake Eng., 34, 125-157.

DOWRICK, D.J. (1992): A revision of attenuation relation-
ships for Modified Mercalli intensity in New Zealand
earthquakes, Bull. NZ Soc. Earthquake Eng., 24, 210-
224.

DOWRICK, D.J. (1994): Damage and intensities in the mag-
nitude 7.8 1929 Murchison, New Zealand, earthquake,
Bull. NZ Soc. Earthquake Eng., 27, 190-204.

DOWRICK, D. J. (1996): The Modified Mercalli earthquake in-
tensity scale - revisions arising from recent studies of New

Zealand earthquakes, Bull. NZ Soc. Earthquake Eng., 29,
92-106.

DOWRICK, D. J. (1998): Damage and intensities in the mag-
nitude Ms7.8 1931 Hawke’s Bay, New Zealand, earth-
quake, Bull. NZ Soc. Earthquake Eng., 31, 139-163.

DOWRICK, D. J. and D. A. RHOADES (1998): Magnitudes of
New Zealand earthquakes, 1901-1993, Bull. NZ. Soc.
Earthquake Eng., 31, 260-280.

DOWRICK, D. J. and D. A. RHOADES (1999): Attenuation of
Modified Mercalli intensity in New Zealand earth-
quakes, Bull. NZ Soc. Earthquake Eng., 32, 55-89.

DOWRICK, D. J., D. A. RHOADES, J. BABOR and R. D.
BEETHAM (1995): Damage ratios for houses and micro-
zoning effects in Napier in the magnitude 7.8 Hawke’s
Bay, New Zealand, earthquake of 1931, Bull. NZ Soc.
Earthquake Eng., 28, 135-151.

EIBY, G. (1990): Changes in Porirua Harbour in about 1855:
historical tradition and geological evidence, J. Roy.
Soc. NZ, 20, 233-248.

EIBY, G.A. (1968): A descriptive catalogue of New Zealand
earthquakes, Part 1 - Shocks felt before the end of 1845,
NZ J. Geol. Geophys., 11, 16-40.

EIBY, G.A. (1973): A descriptive catalogue of New Zealand
earthquakes, Part 2 - Shocks felt from 1846 to 1854,
NZ J. Geol. Geophys., 16, 857-907.

EIBY, G.A. (1980): The Marlborough earthquakes of 1848,
Dep. Sci. Ind. Res. Bull. (DSIR, Wellington, New
Zealand), 225, p. 83.

EIBY, G.A. (1988): Documenting New Zealand earthquakes,
in Historical Seismograms and Earthquakes of the
World, edited by W. H. K. LEE, H. MEYERS and K. SHI-
MAZAKI (Academic Press, San Diego, U.S.A.), 232-240.

EIBY, G.A. (1989): 1855 - Observations and inferences,
Bull. NZ Soc. Earthquake Eng., 22, 10-11.

GRAPES, R. and G. DOWNES (1997): The 1855 Wairarapa,
New Zealand, earthquake - Analysis of historical data,
Bull. NZ Soc. Earthquake Eng., 30, 271-368.

GRAPES, R.H. and H.W. WELLMAN (1986): The north-east
end of the Wairau Fault, Marlborough, New Zealand. J.
R. Soc. NZ, 16, 245-250.

GRAPES, R.H. and H.W. WELLMAN (1988): The Wairarapa
Fault, Research School of Earth Sciences, Geology
Board of Studies, Victoria University of Wellington,
Publication n. 4, (Wellington, New Zealand).

GRAPES, R., T. LITTLE and G. DOWNES (1998): Rupturing of
the Awatere Fault during the 1848 October 16 Marl-
borough earthquake, New Zealand: historical and pres-
ent day evidence, NZ J. Geol. Geophys., 41, 387-399.

GROUDEN, P. (1966): Early New Zealand Earthquakes (tran-
scriptions from Source Material, Seismological Obser-
vatory, Library, Wellington, New Zealand).

GROUDEN, P., P. ROBERTSON and C. GERRIE (1972): New
Zealand earthquakes 1846-1854 (transcriptions of
Source Material, Seismological Observatory, Library,
Wellington, New Zealand).

HANCOX, G.T., N.D. PERRIN and G. D. DELLOW (2002): Re-
cent studies of historical earthquake induced landslid-
ing, ground damage, and MM intensity in New
Zealand, Bull. NZ Earthquake Eng., 35, 59-95.

HECTOR, J. (1891): Report of the Committee appointed to in-
vestigate and report upon seismological phenomena in
Australasia, Trans. Australas. Ass. Adv. Sci., 3, 505-532.

HOGBEN, G. (1891): Earthquakes of New Zealand, in Trans.



419

Procedures and tools used in the investigation of New Zealand’s historical earthquakes

Australas. Ass. Adv. Sci., 3, 37-37
HULL, A.G. (1990): Tectonics of the 1931 Hawke’s Bay

earthquake, NZ J. Geol. Geophys., 33, 309-320.
LYELL, C. (1856a): On the successive changes of the Temple

of Serapis, in Proc. Royal Institution, 2, 207-214 (given as
a lecture at the weekly evening meeting, 7 March 1856).

LYELL, C. (1856b): Sur les Tremblement de Terre du 23 Jan-
vier, 1855, à la Nouvelle Zélande, Bull. Soc. Géol.
France, 2e Série, 13, 661-667.

LYELL, C. (1856c): Correspondence from Sir Charles Lyell to
his sister, Sophia Lyell, and to Walter Mantell, April-May
1856 (originals held at Kinnordy House, Scotland, un-
published).

LYELL, C. (1856d): Notebooks of Sir Charles Lyell, Note-
book 213 (originals held at Kinnordy House, Scotland).

LYELL, C. (1868): Principles of Geology (John Murray,
London) 2, 10th ed.

MCKINNON, M., B. BRADLEY and R. KIRKPATRICK (Editors)
(1997): Bateman New Zealand Historical Atlas. Ko Pa-
patuanuku e Takoto Nei (Bateman in association with
Historical Branch, Dept. of Internal Affairs, Auckland,
New Zealand).

MCSAVENEY, M. and G. DOWNES (2003): The 1855 earth-
quake and tsunami around Wellington, New Zealand,
Institute of Geological and Nuclear Sciences Infor-
mation Series 57, Institute of Geological and Nu-
clear Sciences, Lower Hutt, New Zealand, pp. 15.

MCSAVENEY, M.J. and A.G. HULL (1995): A 7000-year
record of great earthquakes at Turakirae Head,
Wellington, New Zealand Geophysical Society Sympo-
sium, September 1995, Wellington, Victoria University
of Wellington (New Zealand), (abstract).

REYNERS, M., P. MCGINTY, J. ANSELL and B. FERRIS (1997):
The Tikokino earthquake of 11 April 1993: movement
at the plate interface in Southern Hawke’s Bay, Bull.
NZ  Soc. Earthquake Eng., 30, 242-251.

ROBINSON, R. (1989): Seismicity, structure and tectonics of
the Wellington Region, New Zealand, Geophys. J. R. As-
tron. Soc., 87, 379-409.

ROBINSON, R. (1994): Shallow subduction tectonics and
fault interaction: the Weber, New Zealand, earthquake
sequence of 1990-1992, J. Geophys. Res., 99, 9663-
9679.

SCHERMER, E.R., R. VAN DISSEN, K.R. BERRYMAN, H.M.
KELSEY and S.M. CASHMAN (2003): Active faults, pale-
oseismology and historical fault rupture in Northern
Wairarapa (North Island, New Zealand).

SINGH, S.K. and G. SUÁREZ (1988): Regional variation in
the number of aftershocks (mb ≥ 5) of large, subduction
zone earthquakes (Mw ≥ 7.0), Bull. Seismol. Soc. Am.,
78, 230-242.

SMITH, W.D. (1995a): A development in the modelling of
far field intensities for New Zealand earthquakes, Bull.
NZ Soc. Earthquake Eng., 28, 196-217.

SMITH, W.D. (1995b): A procedure for modelling near-field
earthquake intensities, Bull. NZ Soc. Earthquake Eng.,
28, 218-223.

STIRLING, M.W., G.H. MCVERRY and K.R. BERRYMAN

(2002): A new seismic hazard model for New
Zealand, Bull. Seismol. Soc. Am., 92 (5), 1878-1903.

STIRLING, M.W. and C.J.N. WILSON (2002): Development
of a volcanic hazard model for New Zealand: First ap-
proaches from the methods of probabilistic seismic
hazard analysis, Bull. NZ Soc. Earthquake Eng., 35,
266-277.

TAYLOR, R. (1855): Te Ika a Maui, or New Zealand and its
inhabitants (Wertheim and Macintosh, London, Eng-
land).

WELLS, D. L. and K. J. COPPERSMITH (1994): New empiri-
cal relationships among magnitude, rupture length,
rupture width, rupture area, and surface displacement,
Bull. Seismol. Soc. Am., 84, 974-1002.


