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Applicability
This report was prepared and/or compiled for the Earthquake Commission (EQC) to communicate 

information that may be relevant to residential land claims under the Earthquake Commission Act 1993. 

The report was not intended for any other purpose and may not be relied upon for any other purpose. 

EQC and its engineers, Tonkin & Taylor, have no liability to any user of any map(s) and data in this report 

or for the consequences of any other person relying on them in any way. This information is not intended 

to form a complete technical report on land changes in all or any part of Canterbury.
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Executive summary 
Introduction

The main purpose of this report is to provide information  

on how the Canterbury earthquake series, beginning on  

4 September 2010, has changed residential land in the  

wider Christchurch area. It explains the technical 

information collected and the processes used to collect it. 

Tonkin & Taylor (T&T ) has collected this information to 

assist the Earthquake Commission (EQC) in assessing 

insurance claims made under the Earthquake Commission 

Act 1993. T&T provides land damage assessments of 

individual properties and advice to EQC.

T&T geotechnical experts were on the ground assessing 

initial land damage immediately after all four main 

earthquakes of 2010 and 2011 (4 September 2010;  

22 February, 13 June and 23 December 2011). Preliminary 

mapping information gathered immediately after the 

events has been progressively added to with more detailed 

assessment techniques explained in this report.

This report includes the best available data collected at 

the time, following the Canterbury earthquakes of 2010 

and 2011. The information provided is up-to-date as of 

29 February 2012 and does not take into account any 

subsequent aftershocks or earthquakes that may have 

occurred after that date.

This report is written in plain English where possible, but it 

does contain technical information where this is necessary 

to accurately explain the nature of investigations, and 

the land change effects of the earthquakes. A glossary 

is included. The Appendices to this report provide visual 

explanations of land damage types and suburb speci�c 

information. Note: The glossary is at the end of the main 

body of the report.

The 22 February 2011 earthquake (Christchurch 1 

Earthquake) was New Zealand’s worst natural disaster -  

185 people lost their lives and there was widespread 

destruction to buildings, infrastructure and land. 

A declared state of national emergency stayed in force from 

23 February 2011 until 30 April 2011. This was the �rst time 

in New Zealand’s history that a state of national emergency 

had been declared as a result of a civil defence emergency. 

(such as cliff collapse and major inundation), and  

small-scale land movement and retaining wall failures.  

Much of the physical land damage in the Port Hills is  

ground cracking. Similar to the cracks on the Plains, these 

cracks can generally be repaired.

Land damage mapping

There are three steps of land damage mapping and 

assessment depending on the degree of damage arising  

from an earthquake:

	 1.	� Step 1 - preliminary regional broad scale mapping  

to give a quick assessment of the extent and severity 

of damage.

	 2.	� Step 2 - rapid property-by-property mapping of 

liquefaction, lateral spread and land movement 

observations to give an indication of area-wide issues.

	 3.	� Step 3 - detailed individual EQC Land Damage 

Assessment Team (LDAT) process for individual land 

claim settlement.

Following regional reconnaissance and broad mapping 

assessments (Step 1), individual property-by-property rapid 

mapping of liquefaction, lateral spread and land movement 

In addition to severe shaking, causing extensive damage to 

residential buildings, the force of the earthquakes caused 

land damage previously unseen in an urban area on such a 

large scale.

Due to the scale and extent of land damage arising from 

the four main earthquakes, broad geotechnical land damage 

assessment has been undertaken across communities and 

suburbs, as well as on individual properties. 

This assessment gives a clear picture of how land has 

changed in the worst affected residential suburbs of the 

Christchurch area. In addition to helping EQC settle land 

claims, this information is useful for professionals engaged 

in designing, repairing and rebuilding to understand how to 

avoid similar damage to homes in future earthquakes.

In consideration of that, EQC is sharing the area-wide 

technical data it has collected with other agencies such 

as territorial authorities, Canterbury Earthquake Recovery 

Authority (CERA), and engineering and construction 

professionals, to facilitate rebuilding in Canterbury.

Land damage assessment

Land damage assessments for EQC are split into two  

regions - the �at land of the Canterbury Plains, and the 

sloping land located on the Port Hills and wider Banks 

Peninsula area. Because of the different makeup of the soils 

in these areas, and the varied locations of the earthquakes, 

the types of land damage are different.

It should be noted that while earthquake tremors have caused 

damage to buildings throughout Canterbury, it does not 

necessarily mean that there is land damage on the property. 

Some properties with building damage have no land damage.

On the Plains, there are seven physical land damage 

categories explained in this report. These are lateral spreading, 

land cracking, undulations, ponding, local settlement, 

groundwater springs and inundation by sand and silt. In 

addition to this physical damage, the land has also undergone 

other changes. Over much of the wider Christchurch area 

land is now lower, higher, or in a different place to where 

it was before the earthquakes. The fact that the land has 

changed does not mean, in itself, that it is damaged. 

In the Hills, there are three damage categories explained in 

this report. These are rock fall, large-scale land movement 

observations (Step 2) in the areas worst affected  

by liquefaction on the Plains and land movement in the hills 

was undertaken by geotechnical professionals for EQC. 

Mapping of the severity of land damage determined the  

areas that needed more detailed individual property 

inspections by assessment teams (Step 3).

Land survey

High-resolution aerial photographs of the most-affected  

areas of Christchurch city, and Waimakariri and Selwyn 

districts were taken in the days following each of the main 

earthquakes. Aerial photography was used as a tool to assess 

the nature and extent of liquefaction which occurred. This 

was an important supplement to ground inspections where 

evidence of liquefaction (sand and water ejection) was either 

removed or reduced before the inspections could take place.

Aerial LiDAR (Light Detection and Ranging) technology  

surveys that measure the height of the ground from the air 

(accurate to +/- 100mm) were, in contrast, delayed until  

the sand and silt (and snow) had been removed so that the 

actual ground surface level was correctly identi�ed.

Cracking as a result of lateral spreading, Christchurch city.
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Subsurface ground investigations

This section of the report outlines the investigations and 

reporting undertaken across 50 Canterbury suburbs. This 

information is technical and mainly for use by professionals 

engaged in insurance assessment or repair and rebuilding work.

EQC commissioned geotechnical ground investigations  

for the suburbs on the Plains most affected by land damage, 

following the Christchurch earthquake series that began on 4 

September 2010. T&T did broad scale investigations on behalf 

of EQC within suburbs in Christchurch city, and Waimakariri 

and Selwyn districts. This included subsurface (below ground) 

site investigations and factual reporting for the suburbs most 

affected by liquefaction-induced land damage.

These investigations included:

	 a)	� Cone penetration testing (CPT) - gives a pro�le of  

soil strength

	 b)	Machine boreholes - gives a pro�le of soil types

	 c)	Geophysical testing - looks at soil stiffness and density

	 d)	� Groundwater observations - assesses groundwater 

levels

	 e)	Laboratory testing - analyses soil from the boreholes.

November 2010 respectively, available on EQC website at: 

http://canterbury.eqc.govt.nz/news/reports

Groundwater assessment

Groundwater levels across Canterbury are important 

when considering the effects of liquefaction on the 

land. Liquefaction occurs where loose soils below the 

groundwater level substantially lose strength and stiffness  

in response to earthquake shaking, causing the soil to 

behave like a pressurised liquid. This can result in the  

sand-water mixture being forced to the surface. 

As a part of the overall geotechnical ground  

investigations commissioned by EQC, groundwater levels 

have been assessed.

Generally, the shallow groundwater levels have returned to 

almost normal levels in most cases. Initial results suggest 

there has been little long-term impact on groundwater 

levels in the Christchurch area from the main earthquakes. 

This means that the absolute level of groundwater remains 

the same, but in some areas the land elevation has dropped 

so the groundwater is closer to the surface.

A network of shallow groundwater monitoring wells 

A total of 1344 CPTs and 162 boreholes were completed 

throughout the suburbs. CPTs were done in 50 suburbs and 

boreholes in 34 of those suburbs. Geophysical testing of 

12 kilometres (km) in length was undertaken in 11 suburbs 

and standpipe piezometers (instruments measuring 

groundwater level) were installed in most of the suburbs - 

a total of 666.

Factual geotechnical information obtained from 

the investigations is intended to provide a source of 

geotechnical data to support geotechnical advice for EQC 

and for future council consent applications for the suburbs 

pro�led. Each report contains technical information for 

geotechnical engineers to design land repairs in those 

suburbs. The reports present all available geotechnical 

and engineering geological investigations that were 

commissioned by EQC during 2010-2011 and all readily 

available geotechnical data that Environment Canterbury 

(ECan) holds for the suburb as at September 2010. No 

interpretations of the factual investigation results have 

been made in the factual reports or this reporting.

These reports follow on from Stage 1 and 2 geotechnical 

land damage assessment reports dated October 2010 and 

recorded the levels of general change of groundwater 

conditions the day following the Christchurch 1 Earthquake.

The data showed that most of the short-term groundwater 

level changes caused by the Christchurch 1 Earthquake 

occurred in the southern and eastern areas of Christchurch.

However, none of the recorded earthquake related 

groundwater table changes appear to be greater than 

the normal range of �uctuations recorded prior to the 

earthquake. Where the land surface has dropped generally, 

it is expected that the depth to the groundwater below 

the ground surface will now be less than the depth prior 

to the two major earthquakes (Dar�eld and Christchurch 1 

Earthquake).

Process

Collecting this information to inform EQC has been a 

thorough process, which has been internationally peer-

reviewed in June 2011 based on the information available 

at that stage. The mapping and assessment processes and 

methodology are in line with international best practice, 

and align with the New Zealand Geotechnical Society 

Earthquake Engineering Practice Guidelines.

Pavement damage from ground oscillation, Christchurch city.

Cut slope failure, Port Hills. Photo: Tonkin & Taylor
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1	 Introduction
For the Earthquake Commission (EQC), Tonkin & Taylor Ltd 

(T&T) has undertaken ongoing land damage assessments of 

the main urban residential land areas in Canterbury, in the 

South Island of New Zealand. 

T&T provides land damage assessments of individual 

residential properties and advice to assist EQC in assessing 

residential insurance land claims made under the Earthquake 

Commission Act 1993.

Land in Canterbury - and particularly in the Christchurch 

and Kaiapoi urban areas - has been signi�cantly affected by 

the Canterbury earthquakes which began on 4 September 

2010 and continued through 2010, 2011 and 2012. 

Due to the scale and extent of land changes arising from 

the Canterbury earthquakes T&T has undertaken, at EQC’s 

request, a broad geotechnical land damage assessment on 

a community/suburb wide basis, in addition to individual 

residential property assessments. 

This report updates and collates earthquake-related 

residential property land information provided to EQC, 

as at 29 February 2012. It explains what information has 

been collected, how and why. It follows on from Stage 1 

and 2 geotechnical land damage assessment reports dated 

October 2010 (T&T 2010a) and November 2010  

has been provided by them. Collaboration is the key to 

information gathering and ongoing assessment of land 

damage in Canterbury, to facilitate the recovery efforts.

This report does not include information on how EQC 

land claim settlement will be processed or the speci�cs 

of solutions for repairing land. This report was prepared 

and/or compiled for EQC to communicate information 

associated with assessing insurance claims made under the 

Earthquake Commission Act 1993. It was not intended for 

any other purpose. EQC and its engineers, Tonkin & Taylor, 

have no liability to any user of these maps and data or for 

the consequences of any person relying on them in any way. 

Information presented as land damage in the context of this 

report does not constitute land damage for individual claim 

settlement purposes.

Key points: 
�š����J�^�_�i �h�[�f�e�h�j �Z�[�j�W�_�b�i �m�^�W�j �_�d�\�e�h�c�W�j�_�e�d �^�W�i �X�[�[�d �Y�e�b�b�[�Y�j�[�Z 

�X�o �J���J�" �^�e�m �W�d�Z �m�^�o�$

�š����J�^�_�i �h�[�f�e�h�j �m�W�i �f�h�[�f�W�h�[�Z �\�e�h �;�G�9 �j�e �Y�e�c�c�k�d�_�Y�W�j�[ 

information on residential insurance land claims made 

�k�d�Z�[�h �j�^�[ �;�W�h�j�^�g�k�W�a�[ �9�e�c�c�_�i�i�_�e�d �7�Y�j �'�/�/�)�$ �?�j �X�h�_�d�]�i 

(T&T 2010b) respectively, available on EQC website at:  

http://canterbury.eqc.govt.nz/news/reports

The information in those reports will not be repeated. 

However, reference will be made to those reports and they 

should be read in conjunction with this report to get a  

more complete view of land changes as a result of the 

Canterbury earthquakes. 

This report is intended for the use of people who do not 

have speci�c technical expertise in the areas covered and 

should not be considered to form a complete technical 

report on land changes in Canterbury.

In undertaking this assessment work T&T has engaged with 

and relied on the observations and inputs from a range of 

local and international experts. 

These include GNS Science, the Natural Hazards Platform, 

New Zealand Aerial Mapping, local authority recovery teams, 

universities, the Earthquake Commission, Land Information 

New Zealand, Ministry of Civil Defence & Emergency 

Management, New Zealand and overseas research teams 

(USA, Japan and Australia), councils, the insurance industry, 

other New Zealand experienced consultants, the New 

Zealand Government and the Canterbury community. We 

wish to acknowledge the extraordinary efforts of these 

groups and the high value of all the information that 

together information from a number of sources but 

readers should note that this information is intended 

for the use of people who do not have speci�c technical 

expertise in the areas covered and neither it nor data 

presented should be considered to form a complete 

�j�[�Y�^�d�_�Y�W�b �h�[�f�e�h�j �e�d �b�W�d�Z �Y�^�W�d�]�[�i �_�d �9�W�d�j�[�h�X�k�h�o�$

�š����J�^�_�i �h�[�f�e�h�j �Z�e�[�i �d�e�j �_�d�Y�b�k�Z�[ �_�d�\�e�h�c�W�j�_�e�d �e�d �^�e�m �;�G�9 

land claim settlement will be processed or the speci�cs 

of solutions for repairing land.

�š����I�e�c�[ �e�\ �j�^�[ �_�d�\�e�h�c�W�j�_�e�d �Y�e�d�j�W�_�d�[�Z �_�d �j�^�_�i �h�[�f�e�h�j �m�_�b�b 

�X�[�b�e�d�] �j�e �e�h�]�W�d�_�i�W�j�_�e�d�i �e�j�^�[�h �j�^�W�d �;�G�9�$ �M�^�[�h�[�l�[�h 

possible the owner of the information is identi�ed.  

More detail on such information should be sought from 

the organisation that holds it.

�(�� ��J�^�[ �9�W�d�j�[�h�X�k�h�o �[�W�h�j�^�g�k�W�a�[ 
series

2.1	The four main earthquakes

The magnitude M7.1 Dar�eld Earthquake occurred at 

4:36am local time on 4 September 2010. The hypocentre 

was about 40 kilometres (km) west of Christchurch city, 
The September 2010 earthquake Greendale Fault trace. The fault trace is the intersection of a fault with the ground surface; also, the line commonly 
plotted on geologic maps to represent a fault. Photo: Environment Canterbury.

Ejected sand and silt covering land, and lateral spreading adjacent to the estuary, Christchurch city. Photo: Tonkin & Taylor
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at a depth of 10km. The epicentre was close to the town 

of Dar�eld. An east-west trending fault rupture on the 

Canterbury Plains extends to within 18km of Christchurch 

city. Analysis of the seismogram records in New Zealand 

indicate the main shock had primarily strike-slip (sideways) 

motion, which agrees with the observed 29km long surface 

fault rupture. However, the main shock has been observed 

to be complex, and an important reverse (compressional) 

component is seen in strong ground motion and land survey 

data. The duration of strong ground motions on �rm soil 

sites was about 15 seconds. 

At 12:51pm local time on 22 February 2011, the M6.2 

�9�^�h�_�i�j�Y�^�k�h�Y�^ �' �;�W�h�j�^�g�k�W�a�[ jolted the city. The hypocentre 

was about 10km southeast of Christchurch city, at a depth 

of about 5km. The epicentre was close to Lyttelton Port. 

This earthquake was one of New Zealand’s worst natural 

disasters and 185 people died, mainly in the central business 

district (CBD) of Christchurch city where commercial 

buildings collapsed. A declared state of national emergency 

stayed in force from 23 February 2011 until 30 April 2011. 

This was the �rst time in New Zealand’s history that a state 

of national emergency had been declared as a result of a 

civil defence emergency event.

gravity (g) in parts of the Port Hills and well over 0.5 g in  

areas of the plains.

The Port Hills sustained extensive land damage in this 

earthquake including rock fall, large-scale landslides, small-

scale landslides and retaining wall failures.

A M6.0 earthquake, the �9�^�h�_�i�j�Y�^�k�h�Y�^ �( �;�W�h�j�^�g�k�W�a�[, struck  

at 2.20pm on 13 June 2011 producing ground accelerations  

of more than two times the force of gravity (g) in parts of  

the Port Hills and 0.4 g in the CBD. There was renewed 

liquefaction and further damage, including partial collapse  

of already weakened buildings in the CBD red exclusion  

zone. The earthquake was centred 10km southeast of the  

city within the aftershock zone of the Christchurch 1 

Earthquake. It was on an approximately north to  

north-west to south to south-east oriented fault at right 

angles to the Port Hills fault. The aftershock pattern  

associated with this earthquake extended south across  

Banks Peninsula toward Akaroa. 

Ground motions in both the 22 February 2011 M6.2 and the 

13 June 2011 M6.0 were signi�cantly stronger in Christchurch 

city compared with the 4 September 2010 Dar�eld Earthquake 

because of its shallow depth and close proximity, even  

though the Dar�eld Earthquake was of greater magnitude. 

The initial fault plane dips to the south at about 65 

degrees from beneath the New Brighton estuary to the 

Port Hills, and it slipped by up to 2.5 metres (m) during the 

earthquake, raising the Port Hills by up to 400 millimetres 

(mm). Conversely, the New Brighton area subsided by up 

to 100mm on the north side of the fault. The earthquake 

did not rupture the ground surface, unlike the much larger 

magnitude M7.1 Dar�eld Earthquake.

The Christchurch 1 Earthquake produced very strong shaking 

for its size. Strong shaking lasted 8-10 seconds close to 

the epicentre (e.g. Heathcote Valley), 15-20 seconds on 

the soft sediments underlying Christchurch city, and more 

than 20 seconds out on the Plains (e.g. Dar�eld area). The 

earthquake was centred on a complex set of small faults 

collectively and informally called the Port Hills fault that 

extends in a general way from near New Brighton Beach in 

a south south west direction, across the northern side of the 

Heathcote estuary and toward Cashmere.

The Christchurch 1 Earthquake produced the highest 

vertical and horizontal ground accelerations (how hard the 

earth shakes) ever recorded in New Zealand. These ground 

accelerations were more than two times the force of  

A M5.8 earthquake struck east of Christchurch at 1:58pm 

on 23 December 2011 approximately 8km off the coast 

of New Brighton (�9�^�h�_�i�j�Y�^�k�h�Y�^ �) �;�W�h�j�^�g�k�W�a�[). This was 

followed by a M5.9 earthquake shortly afterwards at 3:18pm. 

This series of earthquakes was further eastward than the 

13 June 2011 aftershocks. Being further from built up areas, 

with slightly lower magnitudes and somewhat greater 

depth than the biggest shakes, the effects were generally 

less damaging across most of the region than the previous 

main earthquakes. However, the location and direction of 

the fault meant that signi�cant effects were observed in 

the northeastern suburbs of Christchurch. Following the 

Christchurch 3 earthquake, aftershocks continued throughout 

the afternoon and overnight, with several above M5.0. 

The M5.8 and M5.9 earthquakes were not characterised by 

the very high ground motions in the Christchurch urban area 

of earlier earthquakes, except for an isolated high recording 

at New Brighton Beach in the M5.8 earthquake that may 

re�ect the close proximity to the epicentre.

On 2 January 2012 an intense burst of aftershock activity 

comprising more than 30 earthquakes above M3.0, with two 

earthquakes above M5.0, occurred about 20km north-east 

of the city.

The September 2010 earthquake Greendale Fault trace. Photo: GNS Science

An aerial view of cliff collapse in the Port Hills after the 22 February 2011 Christchurch 1 Earthquake. Photo: Tonkin & Taylor.
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2.2	Signi�cant aftershocks

Since 4 September 2010 there have been many signi�cant 

aftershocks. The table below shows the list of signi�cant 

aftershocks since the 4 September 2010 earthquake (as at 

15 January 2012) as sourced from GeoNet. 

Aftershocks are expected to continue with no warning. 

However, over time they will decline in intensity and 

frequency. Their location cannot be predicted. The damage  

a result of the earthquake. A declared state of national 

�[�c�[�h�]�[�d�Y�o �i�j�W�o�[�Z �_�d �\�e�h�Y�[ �\�h�e�c �(�) �<�[�X�h�k�W�h�o �(�&�'�' �k�d�j�_�b 

�)�& �7�f�h�_�b �(�&�'�'�$

�š����J�^�_�i �m�W�i �j�^�[ �Å�h�i�j �j�_�c�[ �_�d �D�[�m �P�[�W�b�W�d�Z�½�i �^�_�i�j�e�h�o �j�^�W�j �W 

state of national emergency had been declared as a  

result of a civil defence emergency event.

�š����J�^�[ �k�d�k�i�k�W�b �W�i�f�[�Y�j �e�\ �j�^�[ �9�^�h�_�i�j�Y�^�k�h�Y�^ �[�W�h�j�^�g�k�W�a�[�i  

was their very strong shaking relative to the size  

of the earthquake. 

�š����J�^�[ �(�( �<�[�X�h�k�W�h�o �(�&�'�' �9�^�h�_�i�j�Y�^�k�h�Y�^ �' �;�W�h�j�^�g�k�W�a�[ 

produced the highest vertical and horizontal ground 

accelerations (how hard the earth shakes) ever recorded 

�_�d �D�[�m �P�[�W�b�W�d�Z�$

�š����C�e�h�[ �_�d�\�e�h�c�W�j�_�e�d �W�X�e�k�j �j�^�[ �[�W�h�j�^�g�k�W�a�[�i �Y�W�d �X�[ �\�e�k�d�Z  

at www.geonet.org.nz or www.gns.cri.nz

�)�� �B�W�d�Z �Z�W�c�W�]�[ �W�i�i�[�i�i�c�[�d�j
3.1	General land damage

The  susceptibility of ground to liquefaction as a result of 

earthquake shaking has been a recognised natural hazard 

for Canterbury for some time. This is shown on Environment 

Canterbury (ECan) liquefaction hazard maps (ECan, 2004), 

and various preceding hazard maps for Canterbury.

The Dar�eld Earthquake of 4 September 2010 resulted 

in surface expression of liquefaction, albeit localised 

to particular areas across the Canterbury region. The 

an aftershock may cause depends on the location and  

depth of the earthquake.

Key points: 
�š����?�d �j�^�[ �9�W�d�j�[�h�X�k�h�o �[�W�h�j�^�g�k�W�a�[ �i�[�h�_�[�i �j�^�W�j �X�[�]�W�d �e�d  

�* �I�[�f�j�[�c�X�[�h �(�&�'�& �j�^�[�h�[ �^�W�l�[ �X�[�[�d �\�e�k�h �c�W�_�d �[�W�h�j�^�g�k�W�a�[�i 

���:�W�h�Å�[�b�Z�" �9�^�h�_�i�j�Y�^�k�h�Y�^ �'�" �( �W�d�Z �) �;�W�h�j�^�g�k�W�a�[�i�� �j�^�W�j �^�W�l�[ 

likely resulted in measurable land damage.

�š����J�^�[ �(�( �<�[�X�h�k�W�h�o �(�&�'�' �[�W�h�j�^�g�k�W�a�[ �m�W�i �e�d�[ �e�\  

�D�[�m �P�[�W�b�W�d�Z�½�i �m�e�h�i�j �d�W�j�k�h�W�b �Z�_�i�W�i�j�[�h�i�$�'�.�+ �f�[�e�f�b�[ �Z�_�[�Z �W�i 

liquefaction resulted in ground settlement and lateral 

spreading and, to a lesser extent, bearing capacity failure, with 

consequential building damage.

The Christchurch 1 Earthquake of 22 February 2011, although 

of smaller magnitude than the Dar�eld Earthquake, caused 

even greater urban land damage both from liquefaction and 

displaced land. Damage was over a much wider area, because 

of the earthquakes shallow depth and close proximity to 

central Christchurch. The observed surface expression of 

liquefaction has been noted by international experts as 

perhaps the greatest ever extent of observed liquefaction in 

an urban area.

The ground accelerations recorded from the Christchurch 

1 Earthquake are among some of the highest recorded 

anywhere in the world.

The great extent of ground liquefaction was 10 times that 

caused by the September 2010 earthquake, affecting mainly 

the eastern side of the city.

The Christchurch 2 Earthquake of 13 June 2011 caused 

further land damage both from liquefaction on the Plains and 

land displaced in the Port Hills. However, this was generally to 

a lesser extent in most suburbs compared with 22 February 

2011. The Christchurch 3 Earthquake of 23 December 2011 

caused land damage as a result of liquefaction particularly to 

the eastern suburbs on the Plains and some relatively minor 

land movements in the hill suburbs.

Depth LocationMagnitude

�J�W�X�b�[ �(�$�' �# �J�^�[ �\�e�k�h �c�W�_�d �[�W�h�j�^�g�k�W�a�[�i �W�d�Z �i�_�]�d�_�Å�Y�W�d�j �W�\�j�[�h�i�^�e�Y�a�i

DateEvent

Dar�eld earthquake*

Aftershock 

Aftershock

Aftershock

Aftershock

Aftershock

�9�^�h�_�i�j�Y�^�k�h�Y�^ �' �[�W�h�j�^�g�k�W�a�[  
(Lyttelton)*

Aftershock

Aftershock

Aftershock

Aftershock

Foreshock

�9�^�h�_�i�j�Y�^�k�h�Y�^ �( �[�W�h�j�^�g�k�W�a�[  
(Sumner)*

Aftershock

Aftershock

Aftershock 

Foreshock (Christchurch 3 earthquake)

�9�^�h�_�i�j�Y�^�k�h�Y�^ �) �[�W�h�j�^�g�k�W�a�[  
���D�[�m �8�h�_�]�^�j�e�d��� 

Aftershock

Aftershock

Aftershock

Aftershock

����������

�����������

�'�&�a�c

9km

9km

3km

7km

9km

�+�a�c 

11km

9km

15km 

15km

9km

6km 

6km

8km

12km 

8km

6km  

8km

13km

14km

7km

8km

6km

�'�&�a�c �I�; �e�\ �:�W�h�Å�[�b�Z

10km SW of Christchurch

20km SW of Christchurch

�)5km of Christchurch

10km SW of Christchurch

20km SW of Christchurch

�'�&�a�c �I�; �e�\ �9�^�h�_�i�j�Y�^�k�h�Y�^ 

20km SE of Christchurch

60km NW of Christchurch

20km W of Christchurch

20km SW of Christchurch

10km SE of Christchurch

�'�&�a�c �I�; �e�\ �9�^�h�_�i�j�Y�^�k�h�Y�^ 

20km SE of Christchurch

10km SW Christchurch

10km NE of Diamond Harbour

20km E of Christchurch

�'�&�a�c �; �e�\ �9�^�h�_�i�j�Y�^�k�h�Y�^ 

22km SE of Christchurch

19km E of Christchurch

20km E of Christchurch

14km E of Christchurch

15km SE of Christchurch

10km E of Christchurch

M7.1 

M5.0

M4.9

M4.4

M4.1

M4.6

M6.2 

M5.3

M5.2

M5.3

M5.5

M5.6

�C�,�$�& 

M5.0

M5.4

M5.5

M5.8

�C�+�$�/ 

M5.1

M5.1

M5.5

M5.0

M5.3

M5.1

�* �I�[�f�j�[�c�X�[�h �(�&�'�&

19 October 2010

14 November 2010

26 December 2010

20 January 2011

4 February 2011

�(�( �<�[�X�h�k�W�h�o �(�&�'�' 

16 April 2011

30 April 2011

10 May 2011

6 June 2011

13 June 2011

�'�) �@�k�d�[ �(�&�'�' 

15 June 2011

21 June 2011

9 October 2011

23 December 2011

�(�) �:�[�Y�[�c�X�[�h �(�&�'�' 

24 December 2011

2 January 2012

2 January 2012

6 January 2012

7 January 2012

15 January 2012

Note: *Events shown in bold have likely resulted in measurable land damage for EQC insurance claim processes. Other smaller events 
may have triggered localised liquefaction but are unlikely to have resulted in measureable land damage.

An aerial view of liquefaction and �ooding after the 22 February 2011 earthquake. Photo: Tonkin & Taylor.
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�8�$����J�^�[ �F�e�h�j �>�_�b�b�i - this is considered to be sloping land 
located on the Port Hills and wider Banks Peninsula area, 
composed primarily of volcanic rock (basalt) overlain 
by loess. Where the basaltic lava �ows outcrop as bluffs 
or pinnacles, the jointed blocks of rock are susceptible 
to breaking free of the face or the ground and rolling 
down slopes when subjected to strong ground shaking. 
Earthquake induced land movement in the form of 
landslides can also occur on steep slopes and adjacent to 
retaining walls when subjected to strong ground shaking. 

3.2	Land damage types - the Plains

Earthquake land damage identi�ed on residential properties 
on the Canterbury Plains is explained below (Table 3.1).  
Appendix A has diagrammatic and photographic 
representations of the damage types. 

Detailed identi�cation of land damage is mapped during 
individual engineering land damage assessments  
(see section 4.4) undertaken at each residential property for 
the purpose of EQC claim settlement.

The physical land damage on this table is often interrelated 
with the land settling i.e. future land damage can worsen 
in subsequent events if land dropped as a result of the 
earthquakes. 

In addition to these seven types of land damage, some land 
on the plains may have undergone physical changes that 
are not obvious from a visual assessment.  In some cases, 
land has become more vulnerable to future natural disaster 
events because of physical changes that have occurred to 
the land, in particular, a drop in the height of the land.  This 
change in height has occurred as a consequence of regional 
tectonic movements, or the ejection of sands when 
liquefaction has occurred. As a result, some land is more 
susceptible to change from:
1.	� future �ooding events.  In the case of land closer to the 

sea, predominantly through tidal events, and in the case 
of land further to the west, through rainfall events;

2.	� future liquefaction events.  In the case of some land, 
the reduction in height has reduced the thickness of the 
crust, that is the thickness of the non-lique�able layer 
below the ground surface.

Not all changes in land height will be considered to be 
“land damage” by EQC under the EQC Act, whether they 
are will depend on the signi�cance of the change.

The natural hazards of �ooding and liquefaction 
susceptibility have been recognised for Canterbury for 
some time, as shown on Christchurch City Council and 
ECan maps.

In areas adjacent to the rivers, a mix of lateral spreading, 

ground oscillation (backwards and forwards ground 

movement during earthquake shaking) and liquefaction-

related settlement resulted in very severe damage to 

pipelines; cracking, deformation and differential settlement 

of buildings; and inundation of land and buildings with  

sand and water.

In the areas away from the rivers, underlain by loose alluvial 

deposits, damage occurred due to ground oscillation, the 

ejection of sand, and liquefaction-related settlement. This 

resulted in generally minor to moderate damage to buildings 

and localised inundation of land and buildings with sand.

A short time (generally hours to days) after earthquake 

shaking stops, the lique�ed soil regains the strength that  

it had before the earthquake and returns to its  

pre-earthquake  state. 

On steep coastal cliffs and throughout the Port Hills 

area the Christchurch 1 Earthquake triggered a relatively 

large number of rock falls and earthquake induced slope 

failures (Hancox and Perrin, 2011). Severe localised damage 

was caused by cliff top seismic ampli�cation (increased 

earthquake shaking because of the makeup of the ground). 

The most damage occurred in areas that had a high 

susceptibility to earthquake induced slope failures such as 

steep to near vertical natural cliffs, ridges and unsupported 

cuts, and excavations for buildings and quarries. Rock 

fall occurred as single to multiple boulder roll, as well as 

relatively large debris inundations from cliff collapse from 

approximately 30 to 70 metre (m) high cliff faces on to 

roads, reserves and areas behind buildings and residential 

properties. The Christchurch 2 Earthquake caused similar 

damage due to very high horizontal ground accelerations.

Much of the ground movement only occurs during severe 

shaking, and is termed seismically displaced land. When the 

shaking stops the ground also stops moving.

Ongoing minor aftershocks throughout 2010 and 2011 did 

not cause signi�cant measurable land damage for insurance 

claim purposes.

Land damage assessments for EQC have been split into  

two regions:

�7�$����J�^�[ �F�b�W�_�d�i - this is land that is typically �at and is 

underlain by materials that can be broadly described as 

susceptible to liquefaction during earthquake shaking 

where the groundwater table is shallow. These are �ne 

grained alluvial, aeolian, estuarine and marine sediment 

deposits comprising silts, sands and gravels. 

Lateral spread alongside the Avon River. Photo: Tonkin & Taylor

�J�W�X�b�[ �)�$�' �# �J�^�[ �F�b�W�_�d�i �b�W�d�Z �Z�W�c�W�]�[ �j�o�f�[�i �W�i �W�i�i�[�i�i�[�Z �\�e�h �;�G�9 �b�W�d�Z �Y�b�W�_�c�i �f�k�h�f�e�i�[�i

Description�J�o�f�[

Cracks fron lateral 
spreading 
 

Land cracking (oscillation 
movements) 
 

Undulating land 

Localised ponding 

Local settlement  
 

Groundwater springs 

Inundation by ejected 
sand and silt 

Lateral spreading is the sideways movement of land typically toward watercourses or other 
uncon�ned land faces. Blocks of the earth crust move sideways over lique�ed soils toward an 
area of lower elevation. Surface damage can include minor to major cracks in the land, tilting 
of crust blocks and associated distortions to structures.

Cracks to land resulting from both lateral spreading (see above) and also oscillation induced 
cracking. This category of land damage refers to oscillation induced cracking only. The cracks 
produced from oscillation (backwards and forwards ground movement during earthquake 
shaking) are typically minor.

Undulating land is caused by the uneven settlement of the ground surface as a result of the 
ejection of sand and silt, and to a lesser extent the uneven settlement of lique�ed soils.

Local settlement or lowering of the ground resulting in water forming ponds on the ground 
surface in locations where it did not pond before the earthquakes.

In some areas residential land has settled more than the adjacent land beneath which public 
services are located (and vice-versa). In some situations this results in drains that previously 
�owed toward public services now �owing back toward the house.

New groundwater springs are now emitted at the ground surface where this was not 
happening before the earthquake. This usually occurs at a speci�c location on residential land.

This includes the ejection of sand and silt to the ground surface from the zone below the 
water table through cracks in the crust. The ejected sand and silt may be deposited in isolated 
mounds, under dwellings, or over large areas.
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3.3	Land damage types - Port Hills

The following types of land damage (Table 3.2) have been 

identi�ed as occurring on residential properties on the hill 

suburbs of Christchurch. Appendix A has diagrammatic and 

photographic representations of the damage types. 

Below is a diagram (Figure 3.1) showing how cut and �ll slopes work.

Key points:
�š����J�^�[�h�[ �W�h�[ �j�m�e �W�h�[�W�i �_�d �9�W�d�j�[�h�X�k�h�o �j�^�W�j �m�[�h�[ 

�Z�_�\�\�[�h�[�d�j�b�o �W�\�\�[�Y�j�[�Z �X�o �j�^�[ �c�W�_�d �[�W�h�j�^�g�k�W�a�[�i �e�\ �(�&�'�& 

�W�d�Z �(�&�'�' �# �j�^�[ �Æ�W�j �b�W�d�Z �e�\ �j�^�[ �F�b�W�_�d�i �W�d�Z �j�^�[ �i�b�e�f�[�i �e�\ 

�j�^�[ �F�e�h�j �>�_�b�b�i �W�d�Z �8�W�d�a�i �F�[�d�_�d�i�k�b�W �W�h�[�W�$

�š����<�e�h �;�G�9�" �J���J �^�W�i �c�W�f�f�[�Z �W�d�Z �W�i�i�[�i�i�[�Z �b�W�d�Z �Z�W�c�W�]�[ 

�j�e �W�i�i�_�i�j �_�d �;�G�9�½�i �Y�b�W�_�c �i�[�j�j�b�[�c�[�d�j�$ �J�^�_�i �^�W�i �X�[�[�d 

the most complex and resource intensive land 

�_�d�l�[�i�j�_�]�W�j�_�e�d �[�l�[�h �k�d�Z�[�h�j�W�a�[�d �e�d �;�G�9�½�i �X�[�^�W�b�\ �m�_�j�^ 

the scale of the investigation more than ten times 

�]�h�[�W�j�[�h �j�^�W�d �W�d�o �e�j�^�[�h �;�G�9 �_�d�l�[�i�j�_�]�W�j�_�e�d �W�d�Z �c�W�d�o 

times larger than that seen for major infrastructure 

projects in this country.

�š����9�W�d�j�[�h�X�k�h�o�½�i �i�k�i�Y�[�f�j�_�X�_�b�_�j�o �j�e �j�^�[ �j�o�f�[�i �e�\ �b�W�d�Z 

damage seen on the Plains and in the hills was 

�m�[�b�b �a�d�e�m�d �_�d �W�Z�l�W�d�Y�[ �e�\ �j�^�[ �[�W�h�j�^�g�k�W�a�[�i�$ �J�^�[ 

�i�k�i�Y�[�f�j�_�X�_�b�_�j�o �_�i �j�o�f�_�Y�W�b �j�e �c�W�d�o �f�W�h�j�i �e�\ �D�[�m �P�[�W�b�W�d�Z 

prone to earthquakes.

�š����?�d �c�e�i�j �e�\ �j�^�[ �k�h�X�W�d �W�h�[�W�i �m�_�j�^ �a�d�e�m�d �i�k�i�Y�[�f�j�_�X�_�b�_�j�o�" 

while the land has changed as a result of the 

�[�W�h�j�^�g�k�W�a�[�i�" �_�j �_�i �d�e �b�[�i�i �i�W�\�[ �j�e �b�_�l�[ �e�h �X�k�_�b�Z �e�d �j�^�W�d 

�_�j �m�W�i �X�[�\�e�h�[ �j�^�[ �[�W�h�j�^�g�k�W�a�[�i�$ �>�e�m�[�l�[�h�" �W�i �W �h�[�i�k�b�j 

�e�\ �j�^�[ �[�W�h�j�^�g�k�W�a�[�i�" �X�k�_�b�Z�_�d�] �h�[�g�k�_�h�[�c�[�d�j�i �c�W�o �^�W�l�[ 

�Y�^�W�d�]�[�Z�" �_�d�Y�b�k�Z�_�d�] �\�e�k�d�Z�W�j�_�e�d �j�o�f�[�i �W�d�Z �X�k�_�b�Z�_�d�] 

materials.

�š����J�^�[ �(�( �<�[�X�h�k�W�h�o �(�&�'�' �[�W�h�j�^�g�k�W�a�[�" �W�b�j�^�e�k�]�^ �e�\ �i�c�W�b�b�[�h 

�c�W�]�d�_�j�k�Z�[ �j�^�W�d �j�^�[ �* �I�[�f�j�[�c�X�[�h �(�&�'�& �[�W�h�j�^�g�k�W�a�[�" 

caused even greater urban land damage both from 

�b�_�g�k�[�\�W�Y�j�_�e�d �W�d�Z �b�W�d�Z �c�e�l�[�c�[�d�j�" �W�d�Z �e�l�[�h �W �c�k�Y�^ 

�m�_�Z�[�h �W�h�[�W�" �X�[�Y�W�k�i�[ �e�\ �_�j�i �i�^�W�b�b�e�m �Z�[�f�j�^ �W�d�Z �Y�b�e�i�[ 

�f�h�e�n�_�c�_�j�o �j�e �Y�[�d�j�h�W�b �9�^�h�_�i�j�Y�^�k�h�Y�^�$ 

�š����E�d �j�^�[ �F�b�W�_�d�i �j�^�[�h�[ �W�h�[ �i�[�l�[�d �j�o�f�[�i �e�\ �b�W�d�Z �Z�W�c�W�]�[ 

�_�Z�[�d�j�_�Å�[�Z �W�d�Z �c�W�f�f�[�Z �\�e�h �;�G�9 �Z�k�h�_�d�] �j�^�[ �_�d�Z�_�l�_�Z�k�W�b 

�f�h�e�f�[�h�j�o �b�W�d�Z �Z�W�c�W�]�[ �W�i�i�[�i�i�c�[�d�j�i�$ �J�^�[�h�[ �c�W�o 

be more than one type of land damage observed 

on a property. (Appendix A has diagrammatic and 

photographic representations of the damage types.) 

�š����E�d �j�^�[ �^�_�b�b�i�" �j�^�[�h�[ �W�h�[ �j�^�h�[�[ �\�e�h�c�i �e�\ �b�W�d�Z �Z�W�c�W�]�[ 

�c�W�f�f�[�Z �\�e�h �;�G�9 �Z�k�h�_�d�] �_�d�Z�_�l�_�Z�k�W�b �f�h�e�f�[�h�j�o �b�W�d�Z 

�Z�W�c�W�]�[ �W�i�i�[�i�i�c�[�d�j�i�$ �J�^�[�h�[ �c�W�o �X�[ �c�e�h�[ �j�^�W�d �e�d�[ 

type of land damage on a property. (Appendix A has 

diagrammatic and photographic representations of the 

damage types.) 

�š����E�d �i�e�c�[ �f�h�e�f�[�h�j�_�[�i �j�^�[�h�[ �_�i �d�e �b�W�d�Z �Z�W�c�W�]�[�" �X�k�j 

there may still be building damage due to earthquake 

shaking.

The EQC Act provides statutory insurance for residential 

insured property against natural disaster damage where 

any physical loss or damage to the property has occurred 

and also covers physical loss or damage that has not yet 

occurred but is considered (by EQC) to be ‘imminent’ as a 

direct result of the natural disaster which has occurred. 

4	� Mapping process and 
methodology

There are three steps in land damage mapping and 

assessment, depending on the degree of land damage  

arising from an earthquake. 

These are:

	 1.	� Step 1 - preliminary regional broad scale mapping,  

to give a quick assessment of the extent and severity 

of damage.

	 2.	� Step 2 - rapid property-by-property mapping of land 

damage patterns, to give an indication of  

area-wide issues.

	 3.	� Step 3 - detailed individual EQC Land Damage 

Assessment Team (LDAT) process for individual land 

claim settlement.

The following points relating to land damage mapping 

should be noted.

�š����C�W�f�f�[�Z �b�_�g�k�[�\�W�Y�j�_�e�d �W�d�Z �b�W�j�[�h�W�b �i�f�h�[�W�Z �e�X�i�[�h�l�W�j�_�e�d�i 

have been gathered using a variety of methods and 

have varying precision and reliability. Canterbury’s 

susceptibility to the types of land damage seen on 

the Plains and in the hills was well known in advance 

of the earthquakes. Areas where liquefaction was not 

apparent in this earthquake series may still be prone 

to liquefaction in future. The pattern of liquefaction 

in future earthquakes may be different to previous 

observations. Published liquefaction hazard maps for 

Canterbury are still a better indicator of potential 

liquefaction and land damage hazards in future 

earthquakes. ECan holds such hazard maps.

�š����J�^�[ �c�W�f�i �f�h�e�l�_�Z�[�Z �_�d �j�^�_�i �h�[�f�e�h�j �_�Z�[�d�j�_�\�o �W�h�[�W�i �m�^�[�h�[ 

land damage and evidence of liquefaction were visible at 

the surface at the time of inspection. It is possible that 

liquefaction may have occurred at depth without  

obvious evidence being visible at the surface, or that 

evidence of liquefaction may have been removed before 

an area was inspected.

�š����?�j �_�i �d�e�j�[�Z �j�^�W�j �b�_�g�k�[�\�W�Y�j�_�e�d �W�d�Z �h�[�b�W�j�[�Z �b�W�d�Z �Z�W�c�W�]�[ �_�i �d�e�j 

only related to the ground and groundwater conditions, 

but also the speci�c characteristics of a particular 

earthquake (frequency, directionality, duration etc).
Figure 3.1 shows how a slope is cut into the hill on the upslope side of a hillside house and �lled out to make a level 
platform on the down slope side.

�J�W�X�b�[ �)�$�( �# �J�^�[ �F�e�h�j �>�_�b�b�i �b�W�d�Z �Z�W�c�W�]�[ �j�o�f�[�i �W�i �W�i�i�[�i�i�[�Z �\�e�h �;�G�9 �b�W�d�Z �Y�b�W�_�c �f�k�h�f�e�i�[�i

Description�J�o�f�[

Rock fall

Large scale land 
movement

Small scale land 
movement and retaining 
wall failures

Rocks already impacting structures, land and other assets.

Rocks that have been dislodged and moved down slope, and have now stopped moving, but 
have the potential to move in the future.

Bedrock outcrop that has been loosened or undermined by the ground shaking, resulting in 
additional ‘source’ rock potential ie. could fall some time in the future.

Land movement near the base of the Port Hills caused by strong earthquake shaking and 
possible loss of toe support (liquefaction of alluvial material), resulting in down slope 
movement.

Seismic displacement of land on ridge crests and near the edge of cliffs resultings in cracking 
and deformation of land, and may result in some down slope/lateral movement.

Large scale ‘collapse’ of bedrock cliffs resulting in loss of land at the top of the cliff face and 
inundation (burial) of land/structures/assets at the base of the cliff.

Failure of existing unretained �ll slopes.

Failure of existing unretained cut slopes.

Failure of existing retaining walls supporting cut slopes.

Failure of existing retaining walls supporting �ll slopes.

Fillslope

Building Platform

Cutslope

Cut slope

Fill slope

Building Platform
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4.1	Step 1: Regional mapping - all areas

Land damage assessment processes completed following 

the 22 February 2011 Christchurch 1 Earthquake, and 

subsequent aftershocks, were similar to what was done 

following the 4 September 2010 Dar�eld Earthquake  

(T&T, 2010a). The report prepared following this assessment 

process is available on EQC website at: http://canterbury.

eqc.govt.nz/news/reports

Preliminary regional (broad scale) mapping included:

	 1.	� Initial general observations from teams in the  

�eld during and immediately following the 

earthquakes - 22 February 2011, 13 June 2011  

and 23 December 2011.

	 2.	� Rapid reconnaissance �yover mapping of affected 

areas including Waimakariri district, Christchurch city, 

Port Hills and Lyttelton Harbour - 23 February 2011, 

14 June 2011 and 24 December 2011.

	 3.	� Preliminary liquefaction observation mapping on the 

Plains conducted by road drive-over survey -  

24 to 25 February 2011, 15 to 16 June 2011 and  

23 to 24 December 2011.

	 4.	� Aerial photograph mapping of liquefaction 

observations on the plains

		  i.	� The aerial photography was undertaken on  

23 - 24 February 2011 by NZ Aerial Mapping.

		  ii.	 The aerial photography was undertaken on  

			   15 - 17 June 2011 by NZ Aerial Mapping.

		  iii.	�	 The aerial photography was undertaken on  

24 and 26 December 2011 by NZ Aerial Mapping.

4.2	� Step 2: Property-by-property 
mapping - the Plains

Following regional reconnaissance and broad mapping 

assessments, geotechnical professionals undertook rapid 

property-by-property mapping of liquefaction  

and lateral spread observations in the areas worst  

affected by liquefaction. This was for EQC’s rapid 

reconnaissance triaging.

Mapping of liquefaction and lateral spread observations was 

based on rapid property inspections to grade the severity 

of the liquefaction and lateral spread after the earthquakes. 

Selwyn districts was then digitised to produce maps of the 

pattern on liquefaction and lateral spread observations for 

residential properties.

Local maps, using aerial photo imagery and property 

boundaries sourced from Terraview (2010) at a 1:3000 

scale, were used to record the observations. To simplify 

assessment and �eld-based mapping, descriptions of the 

severity of liquefaction and lateral spread observed were 

colour coded. Each land parcel assessed was assigned a land 

observation colour code classi�cation, according to the 

following observation categories shown in Table 4.1. These 

categories were developed and re�ned further from the 

property-by-property rapid mapping undertaken following 

the 4 September 2010 earthquake, as reported on in the 

T&T Stage 1 Report (T&T, 2010a). These categories are 

aligned with international practice and the New Zealand 

This was done after the 4 September 2010 and 22 February 

2011 earthquakes. It provided an overview of the pattern  

of land damage across Canterbury. It was not repeated after 

the 13 June 2011 or 23 December 2011 earthquakes. This 

was because the severity and extent of liquefaction was less 

than what happened on 22 February 2011, and generally 

caused an incremental increase only of the same types of 

damage on each property as observed after  

22 February 2011. Mapping of liquefaction and lateral 

spread observations was used to determine areas the land 

damage assessment team should go to for more detailed 

individual property inspections (Step 3) (see section 4.4).

4.2.1	� Methodology for severity mapping 
- post 22 February 2011

Mapping liquefaction and lateral spread severity property-

by-property after the Dar�eld earthquake was undertaken 

from 5 September 2010 to early November 2010. In-�ll 

mapping in additional areas continued until early December 

2010. Further mapping was required from 28 February to 

25 March 2011 following the Christchurch 1 Earthquake. 

Assessments were completed based on observations of 

liquefaction and lateral spread visible from public roads 

and reserves, and by entering private properties and talking 

to homeowners where appropriate. Information collected 

on more than 100,000 properties throughout the urban 

residential areas of Christchurch city, Waimakariri and 

A member of T&T’s �eld team, recording cracks on a residential 
property.

�J�W�X�b�[ �*�$�' �# �J�^�[ �F�b�W�_�d�i �b�_�g�k�[�\�W�Y�j�_�e�d �W�d�Z �b�W�j�[�h�W�b �i�f�h�[�W�Z �e�X�i�[�h�l�W�j�_�e�d�i �# �b�e�Y�W�b �f�h�e�f�[�h�j�o�#�X�o�#�f�h�e�f�[�h�j�o 
mapping categories

�9�e�b�e�k�h 
code*

�E�X�i�[�h�l�W�j�_�e�dDescription Performance 
level**

�E�X�i�[�h�l�W�j�_�e�d 
category

Lateral 
spreading 
 

 
 
 

Liquefaction 
 
 
 
 

 
 
 
 

Shaking

Dark Red 
 
 

Red 
 
 

Dark 
Orange 
 
 
 

Light 
Orange 
 
 

Green 
 
 
 

Blue

Very severe  
lateral spreading 
 

Moderate to  
major lateral 
spreading 

Severe  
liquefaction 
 
 
 

Moderate  
liquefaction 
 
 

Minor land 
effects 
 
 

No observed  
land effects

Extensive lateral spreading (�*1m cumulative); large open 
cracks extending through the ground surface, with very 
severe horizontal and/or vertical displacements (�*200mm). 
May also include liquefaction observations as below.

Moderate to major lateral spreading (<1m cumulative), large 
cracks extending across the ground surface, with horizontal 
and/or vertical displacement (>50mm, but generally <200 
mm). May also include liquefaction observations as below.

Visible signs of severe liquefaction (major amounts of 
ejected sand on ground surface), and/or severe settlement, 
site is substantially (�* 25 percent) covered in sand; small 
cracks from ground oscillations (<50mm) may be present, 
but little to no vertical displacement across cracks; limited 
evidence of lateral movement. 

Visible signs of liquefaction (minor to moderate ejected sand 
on surface), site is covered by up to as much as 25 percent in 
sand, small cracks from ground oscillations (<50mm) may be 
present, but no vertical displacement of cracks; no apparent 
lateral movement. 

Shaking-induced ground cracking resulting from cyclic 
deformation and surface waves. Effects generally limited 
to minor cracking (tension) and buckling (compression). 
No signs of liquefaction or lateral/vertical displacements 
obviously visible at the surface. 

No apparent liquefaction or land effects obviously visible at 
the surface.

L5 
 
 

L4 
 
 

L3 to L4 
 
 
 
 

L2 to L3 
 
 
 

L0 to L1 
 
 
 

L0

* For mapping following the September Dar�eld Earthquake the dark orange and red categories were combined in the Red category 
** Performance Level based on general interpretation (NZGS, 2010). This table focuses on observed land effects as assessed in the �eld 
compared with effects from liquefaction as discussed in the NZGS Guideline.

Geotechnical Society Earthquake Engineering Practice 

Guidelines (NZGS, 2010).

These observed liquefaction and lateral spread mapping 

colours have completely different meaning to the colour 

codes used by the Canterbury Earthquake Recovery 

Authority (CERA) for residential land zoning and the 

Department of Building and Housing (DBH) for technical 

categories.

It is possible that more than one land observation category 

will apply across a property. 

The table also provides a comparison of the observation 

categories developed for the local mapping with the 

performance levels given in the New Zealand Geotechnical 

Society Earthquake Engineering Practice Guidelines  

(NZGS, 2010).
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The following (Figure 4.1) looks at typical distribution of categories of liquefaction and lateral spread observations for the Plains. 

Figure 4.1 Schematic section of spatial distribution of categories of the Plains liquefaction and lateral spread observations

None

Non-liquefied
Soil

Liquefied
Soil

Minor SevereModerate

Liquefaction Only
(no lateral spreading)

Lateral Spreading

Moderate
to major

Severe

Ground Surface Observation Categories

The �gure represents general conditions observed in the �eld. 

In lateral spreading areas, both lateral spreading and ejection 

of lique�ed material were often observed, however the most 

signi�cant effects on residential buildings in these areas were 

usually caused by the lateral spreading. In liquefaction only 

areas, minor lateral ground movements occurred in some 

places due to ground oscillation or relaxation, however the 

most signi�cant effects on buildings were usually related to 

liquefaction settlement or strength loss.

General liquefaction and lateral spread maps for the Plains 

are included in Appendix B for Northern, Central, Eastern and 

Southern suburbs (Map Series 2 to 5).

4.3	� Step 2: Property-by-property 
mapping - Port Hills

Generally, the 4 September 2010 Dar�eld Earthquake 

produced only building shaking damage in the hill suburbs of 

Christchurch. There was damage to a small number of houses 

and landslip debris required removal from insured residential 

property. The effect of the Dar�eld Earthquake on residential 

land in the Port Hills was minor. This was expected given the 

magnitude and location of the earthquake. No land mapping 

or speci�c land assessment was undertaken at that time.

EQC’s initial reconnaissance - and the subsequent life and 

lifeline risk assessments by CCC - identi�ed three main 

damage/potential damage situations on the Port Hills and 

wider Banks Peninsula. These are presented previously in  

the table (Table 3.2).

Through the state of national emergency, Urban Search 

and Rescue (USAR) teams and members of the PHGG were 

responsible for the application of ‘red-stickers’ (and the 

subsequent Section 124 notices), to houses/properties that 

were considered unsafe for occupation. This was as a result of 

immediate earthquake damage making the building unsafe, or 

identi�ed potential risk for geotechnical reasons. A red sticker 

meant that the building was not to be entered because it was 

considered unsafe. Sites/areas of concern were visited on the 

basis of information provided to the various consultancies by 

emergency services, members of the public and from speci�c 

observations of damage or damage potential noted from the 

rapid aerial reconnaissance or during �eldwork. 

There may still be notices on homes/properties in the 

Port Hills prohibiting entry for safety reasons. The CCC is 

responsible for these. The issuing and removal of red stickers 

is not the responsibility of EQC and is not associated in any 

way with the process of claim settlement by EQC.

The specialist EQC Land Damage Assessment Team (LDAT 

- Step 3 - see section 4.4) has undertaken individual site 

assessments of properties on the hill suburbs, including the 

The Christchurch 1 Earthquake on 22 February 2011 

generated peak ground accelerations that were about twice 

the standard level previously speci�ed for most engineering 

design. Topographic ampli�cation, rock fall and cliff collapse 

was extensive. The extreme ground shaking (accelerations 

recorded on 22 February 2011 are among the highest 

recorded anywhere in New Zealand) caused displacement 

of ground on and immediately above very steep slopes,  

and dislodged rocks from pinnacles and bluffs.

Following initial reconnaissance in the days immediately 

following the 22 February 2011 earthquake, a separate 

team of geotechnical professionals was mandated to  

assess the ‘risk to life and lifelines’ on behalf of the 

Christchurch City Council (CCC) and Christchurch 

Civil Defence (CD). This group was called the Port Hills 

Geotechnical Group (PHGG).

The CCC PHGG is a consortium of geotechnical 

consultancies. Collectively they have worked to assess 

lifelines and life safety issues arising from geotechnical 

hazards as a result of the earthquakes. Primarily these 

hazards stem from rock falls, boulder roll and cliff collapse. 

This group has worked on a macro, global scale in areas of 

signi�cant land effects or associated life risk hazards.

Port Hills and Lyttelton, as part of the normal EQC insurance 

process. These assessments are being completed for the 

purposes of insurance claim settlement, not to facilitate 

placement/removal of red placard/Section 124 notices, nor  

for design of remedial/repair works. This work has been  

ongoing since 14 March 2011.

Additional preliminary assessments of some areas of  

signi�cant area-wide ground changes have been undertaken 

by T&T on behalf of EQC. Collaboration with geotechnical 

consultants working for the CCC ensured that any 

investigations in areas where CCC assets were also  

damaged/threatened allowed for appropriate data capture 

to address both EQC and CCC requirements.

Following the 22 February 2011 earthquake, EQC building 

assessors undertook rapid building assessments of the entire 

Christchurch area including the Port Hills. This information 

contained a land observation component that was used as 

an initial triage of the worst affected hill suburb areas for the 

specialist teams to assess later. 

4.3.1	 Methodology for severity mapping 
- post 13 June 2011

Further land changes occurred as a result of the similar 

magnitude Christchurch 2 Earthquake on 13 June 2011. 

Overall, the effect of this earthquake on residential land in the 

Port Hills was less than from the 22 February 2011 earthquake. 

Aerial view of liquefaction effects around QEII park. Photo: Tonkin & Taylor
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Following the 13 June 2011 earthquake a speci�c land 

observation rapid mapping categorisation was designed 

(Table 4.3) to categorise the severity of the effects of the 

earthquakes on residential land in the hill suburbs. This was 

similar to what was used on the Plains. This provided a broad 

assessment and understanding of the nature, extent and 

patterns of the land observations on the sloping suburbs of 

Christchurch, in particular the Port Hills suburbs between 

Westmorland and Whitewash Head, including Lyttelton.

This information was collected on behalf of EQC. It 

complements the work undertaken by the PHGG but does not 

in any way provide an assessment of life safety hazards. That 

is beyond the scope of work required by EQC Act 1993. 

Teams of engineering �eld personnel mapped general land 

monitoring and/or modelling before any EQC insurance  

claim settlement is made.

Where multiple combinations of land observations for a 

property existed mapping was undertaken with the base 

colour from ‘land movement’ and an abbreviated annotation 

of rock fall or retaining wall category overtop (i.e. RF or RW).

A general land observation map based on EQC building 

assessor rapid assessment damage data from pre 13 June 

2011 for the Port Hills and Lyttelton area is included 

in Appendix B (Map 6a). The post 13 June 2011 land 

observations are presented as a series of maps (6b to 6f) 

included in Appendix B.

4.4	� Step 3: Detailed individual property 
EQC land damage assessments

To assist EQC in determining land damage claim settlements 

for insurance purposes, an EQC Land Damage Assessment 

Team (LDAT) of specialist engineers and technicians was 

established to assess individual properties following the  

4 September 2010 earthquake.

T&T managed, trained and supervised a team of up to  

400 engineers from approximately 40 engineering consultant 

companies from throughout New Zealand. This was the 

largest and most complex land damage assessment exercise 

ever undertaken for EQC. A land damage template form of 

each property was created, to map and assess individual land 

damage insurance claims for observed physical land damage. 

Initially EQC LDAT inspections and forms were completed 

for 16,000 out of the estimated 25,000 properties where 

the land was affected by the 4 September 2010 earthquake 

(prior to 22 February 2011). Approximately 65,000 properties 

have since been assessed in detail on an individual basis 

since 22 February 2011 (generally inspections have not been 

repeated for those properties assessed before the 13 June 

2011 earthquake. No inspections had been repeated since 

the 23 December 2011 earthquake at the time this report 

was �nalised). To date 60,000 property owners have informed 

EQC of land damage with lodgement of their EQC claim. 

Land and limited building damage information was  

collected. Template forms included the types of land damage 

observations on a residential property-by-property micro 

scale for the purpose of collecting early information for 

individual insurance claims. The teams visited each property, 

brie�y mapped land observations and created plans of the 

wider affected areas. The objective was to determine the 

distribution and patterns of land effects, and to identify areas 

of signi�cant land damage which would likely require more 

intensive investigation and assessment later.

Areas where the earthquakes had signi�cant effects on 

residential land were identi�ed. The individual residential 

properties within these areas, which are referred to as 

locations of ‘area-wide’ assessment, have had a combined 

geotechnical land assessment. This may include additional 

speci�c mapping, subsurface ground investigations, ongoing 

identi�ed for the Plains and for the Port Hills. In addition a  

site plan containing a recent aerial photograph was used to 

sketch the location of any observed land effects for each 

individual property. 

EQC LDAT did property assessments in the affected areas 

based on physical address, regardless of whether there 

was an EQC claim lodged. This was done because more 

than 90 percent of the properties in the worst affected 

suburbs had lodged an EQC claim for at least one of the 

main earthquakes. It was, therefore more ef�cient to assess 

properties by going house-to-house, rather than only 

inspecting properties around Christchurch once a claim for 

land damage was received by EQC. As a result there are likely 

to be more LDAT assessments than there are properties with 

EQC land claims. 

The data from the land effects inspections will be used by 

EQC claims teams for work on the claims settlement process. 

When individual properties go through the claim settlement 

process an EQC cost estimator will either visit the site again 

(with the engineering land damage assessment information 

on hand) or will use the recorded information including the 

aerial site plan for each site (EQC LDAT form) and undertake 

a detailed remedial cost estimate.

Key points:
�š����;�n�j�[�d�i�_�l�[ �c�W�f�f�_�d�] �W�d�Z �W�i�i�[�i�i�c�[�d�j �e�\ �b�W�d�Z �W�\�j�[�h �j�^�[ 

�c�W�_�d �[�W�h�j�^�g�k�W�a�[�i �_�d �9�W�d�j�[�h�X�k�h�o �_�d �(�&�'�& �W�d�Z �(�&�'�' �^�W�i 

�]�_�l�[�d �;�G�9 �W �f�_�Y�j�k�h�[ �e�\ �j�^�[ �W�h�[�W�#�m�_�Z�[ �b�W�d�Z �Y�^�W�d�]�[�i �W�d�Z 

individual property land damage.

�š����C�W�f�f�_�d�] �W�d�Z �W�i�i�[�i�i�c�[�d�j �^�W�i �h�W�d�]�[�Z �\�h�e�c �]�W�j�^�[�h�_�d�] 

and categorising information in the worst affected 

�i�k�X�k�h�X�i �\�e�h �j�h�_�W�]�_�d�] �f�k�h�f�e�i�[�i ���I�j�[�f �' �W�d�Z �( �c�W�f�f�_�d�]���" 

to more detailed mapping and assessments of 

�_�d�Z�_�l�_�Z�k�W�b �h�[�i�_�Z�[�d�j�_�W�b �f�h�e�f�[�h�j�_�[�i ���I�j�[�f �)�� �\�e�h �_�d�Z�_�l�_�Z�k�W�b 

�;�G�9 �Y�b�W�_�c �i�[�j�j�b�[�c�[�d�j�i�$

�š����;�G�9 �^�W�i �d�[�l�[�h �^�W�Z �j�e �c�W�f �W�d�Z �W�i�i�[�i�i �b�W�d�Z �Z�W�c�W�]�[ �e�d 

such a large scale before. Industry experts believe that 

this may be the largest exercise of its type undertaken 

in the world.

�š����J�^�[ �c�W�f�f�_�d�] �W�d�Z �W�i�i�[�i�i�c�[�d�j �f�h�e�Y�[�i�i�[�i �W�d�Z 

methodology are in line with international best 

�f�h�W�Y�j�_�Y�[ �W�d�Z �W�b�_�]�d�[�Z �m�_�j�^ �j�^�[ �D�[�m �P�[�W�b�W�d�Z 

Geotechnical Society Earthquake Engineering  

Practice Guidelines.

�J�W�X�b�[ �*�$�) �# �J�^�[ �F�e�h�j �>�_�b�b�i �b�W�d�Z �e�X�i�[�h�l�W�j�_�e�d�i �Y�W�j�[�]�e�h�_�[�i

�9�e�b�e�k�h 
code

�E�X�i�[�h�l�W�j�_�e�d 
description

Description�E�X�i�[�h�l�W�j�_�e�d �Y�W�j�[�]�e�h�o

Rock fall 
Boulders and blocks of 
basalt detach and roll from a 
bedrock outcrop during the 
ground shaking, or have the 
potential to roll down slopes, 
impacting structures, land and 
other public/private assets. 
Major cliff collapse. Failure of 
postglacial to recent sea cliffs 
and quarry faces.

Land movement (seismically 
displaced land) 
Identi�ed where land has been 
damaged (cracked/displaced/
deformed) due to the strong 
shaking/accelerations 
experienced during the 
earthquake. 
Includes ridge cracking and  
loss of toe support 
(liquefaction of alluvial 
material) etc.

Retaining wall failures 
Deformation of existing 
retaining walls, �ll slopes or 
cut faces.

�D�e �e�X�i�[�h�l�[�Z �b�W�d�Z �[�\�\�[�Y�j�i

Rock fall 1 -  
potential (RF1) 

 

Rock fall 2 - minor 
inundation (RF2)

Rock fall 3 - major 
inundation (RF3

Small scale - minor 
(LM1)

 

Large scale - major 
to severe (LM2) 

 

Land inundation (LM3)

Retaining walls 1 - 
minor (RW1)

Retaining walls 2 - 
major (RW2)

 
 

 

 

Dark  
Orange

Red 

 

Dark  
Red 

 

Purple

Green 

Pink 

Blue

Rocks with the potential to impact properties have been 
dislodged and moved down slopes, and have now stopped 
moving, but have the potential to move in the future.

Bedrock outcrop that has been affected by the ground 
shaking, resulting in additional ‘source’ rock potential.

Rocks that have already impacted properties (structures, land 
and other assets).

Large scale ‘collapse’ of rock cliffs resulting in inundation of 
properties (land/structures/assets) at the base of the cliff.

Cracking and deformation of land resulting in lateral and/or 
vertical displacement. 

Individual cracks less than 50mm wide, or less than 100mm 
cumulative crack widths over a typical 30m section.

Cracking and deformation of land with down slope 
component and/or vertical displacement (includes cliff 
collapse land at top of a slope).

Individual cracks greater than 50mm wide, or more than 
100mm cumulative crack widths over a typical 30m section.

Inundation from failed slopes (unretained and/ or retained).

Retaining walls <1.5m high. 

Retaining walls >1.5m high and retaining walls <1.5m high 
supporting the building or access way.

No apparent land cracking or other land effects obviously 
visible at the surface. However strong shaking may have had 
an effect on buildings.
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�š����9�W�j�[�]�e�h�_�[�i �e�\ �b�W�d�Z �e�X�i�[�h�l�W�j�_�e�d�i �^�W�l�[ �X�[�[�d �c�W�f�f�[�Z 

with speci�c colours (some of the maps in �7�f�f�[�d�Z�_�n �8). 

�J�^�[�i�[ �e�X�i�[�h�l�W�j�_�e�d �c�W�f�f�_�d�] �Y�e�b�e�k�h�i �^�W�l�[ �Y�e�c�f�b�[�j�[�b�o 

different meaning to the colour codes used by the 

�9�W�d�j�[�h�X�k�h�o �;�W�h�j�^�g�k�W�a�[ �H�[�Y�e�l�[�h�o �7�k�j�^�e�h�_�j�o ���9�;�H�7�� �\�e�h 

�h�[�i�_�Z�[�d�j�_�W�b �b�W�d�Z �p�e�d�_�d�] �W�d�Z �j�^�[ �:�[�f�W�h�j�c�[�d�j �e�\ �8�k�_�b�Z�_�d�] 

�W�d�Z �>�e�k�i�_�d�] ���:�8�>�� �\�e�h �j�[�Y�^�d�_�Y�W�b �Y�W�j�[�]�e�h�_�[�i�$ �?�d �c�e�i�j 

�Y�W�i�[�i �j�^�[�_�h �k�i�[ �f�h�[�#�Z�W�j�[�i �j�^�[ �9�;�H�7 �p�e�d�_�d�] �Z�[�Y�_�i�_�e�d�i�$

�š����I�e�c�[ �^�e�c�[�i�%�f�h�e�f�[�h�j�_�[�i �_�d �j�^�[ �F�e�h�j �>�_�b�b�i �c�W�o �i�j�_�b�b 

have Section 124 notices prohibiting entry for safety 

�h�[�W�i�e�d�i�$ �J�^�[ �9�^�h�_�i�j�Y�^�k�h�Y�^ �9�_�j�o �9�e�k�d�Y�_�b �_�i �h�[�i�f�e�d�i�_�X�b�[ 

for issuing and for removing these and they have 

�d�e�j�^�_�d�] �j�e �Z�e �m�_�j�^ �;�G�9�½�i �f�h�e�f�[�h�j�o �W�i�i�[�i�i�c�[�d�j�i �\�e�h 

insurance purposes.

�š����B�W�d�Z �_�d�\�e�h�c�W�j�_�e�d �Y�e�b�b�[�Y�j�[�Z �\�e�h �;�G�9 �Z�e�[�i �d�e�j �_�d �W�d�o �m�W�o 

�f�h�e�l�_�Z�[ �W�d �W�i�i�[�i�i�c�[�d�j �e�\ �b�_�\�[ �i�W�\�[�j�o �^�W�p�W�h�Z�i�$ �J�^�W�j �_�i 

�X�[�o�e�d�Z �j�^�[ �i�Y�e�f�[ �e�\ �m�e�h�a �h�[�g�k�_�h�[�Z �X�o �;�G�9 �7�Y�j �'�/�/�)�$

�š����;�G�9 �^�W�i �X�[�[�d �i�^�W�h�_�d�] �j�[�Y�^�d�_�Y�W�b �Z�W�j�W �_�j �^�W�i �Y�e�b�b�[�Y�j�[�Z 

�m�_�j�^ �e�j�^�[�h �W�]�[�d�Y�_�[�i �i�k�Y�^ �W�i �j�[�h�h�_�j�e�h�_�W�b �W�k�j�^�e�h�_�j�_�[�i�" 

�9�;�H�7�" �W�d�Z �[�d�]�_�d�[�[�h�_�d�] �W�d�Z �Y�e�d�i�j�h�k�Y�j�_�e�d �f�h�e�\�[�i�i�_�e�d�W�b�i�" 

�j�e �\�W�Y�_�b�_�j�W�j�[ �h�[�X�k�_�b�Z�_�d�] �_�d �9�W�d�j�[�h�X�k�h�o�$

�+����B�W�d�Z �i�k�h�l�[�o �Z�W�j�W �W�d�Z 
assessment

High-resolution aerial photographs of the most affected 

areas of Christchurch city and Waimakariri and Selwyn 

districts were taken in the days following each of the main 

earthquakes. Aerial photography was used (see Section 4) as a 

general tool to assess the nature and extent of land affected 

by liquefaction. This was an important supplement to ground 

inspections where evidence of liquefaction (sand and water 

ejection) had been either removed or reduced before the 

inspections could take place.

Aerial LiDAR (Light Detection and Ranging) technology 

surveys that measure the height of the ground from the air 

(accurate to +/- 100mm) were, in contrast, delayed until the 

sand and silt (and snow) had been removed so that the actual 

ground surface level was identi�ed correctly. LiDAR surveys 

were undertaken in September 2010, March 2011, May 2011, 

September 2011 and February 2012. This LiDAR imagery was 

processed overseas to develop a bare earth model, free of 

buildings, trees and other obstructions with height greater 

than half a metre.

investigation results has been made in the factual reports or 

this reporting.

The factual reports provide general technical information 

that will assist repair and rebuild decisions for areas affected 

by the earthquakes. The factual technical information details 

the subsurface state (including strength, soil types, etc) 

and condition of the land for those selected suburbs. This 

information can be compared with pre-earthquake data to 

tell if subsurface geology and geotechnical properties have 

changed. Typically the state of the subsurface land conditions 

has not changed materially due to the process of liquefaction 

on the Plains as a result of the Canterbury earthquakes. 

Some individual properties may require individual 

geotechnical investigations and reports for dwelling repair 

purposes to be undertaken as determined by the normal 

insurance and consenting processes.

6.2	Information available - the Plains

Factual reported information collected following the  

4 September 2010 and 22 February 2011 earthquakes  

can be obtained on EQC website:  

http://canterbury.eqc.govt.nz/news/reports 

The LiDAR surveys were commissioned by various 

organisations (including Ministry of Civil Defence & 

Emergency Management, Christchurch City Council and EQC).

The LiDAR data was acquired by New Zealand Aerial  

Mapping (NZAM) and AAM Brisbane.

With the assistance of NZAM, Land Information  

New Zealand (LINZ) and GNS Science, T&T has produced 

maps showing changes in level of the ground after the 

Canterbury Earthquakes. Key results from this work are 

included in the maps at the back of this report.

Key points:
�š����B�W�d�Z �i�k�h�l�[�o �Z�W�j�W ���B�_�:�7�H�� �W�Y�g�k�_�h�[�Z �\�e�b�b�e�m�_�d�] �j�^�[ 

main earthquakes has provided a comparison of the 

�b�[�l�[�b �e�\ �j�^�[ �]�h�e�k�d�Z �X�[�\�e�h�[ �W�d�Z �W�\�j�[�h �j�^�[ �9�W�d�j�[�h�X�k�h�o 

earthquakes. Along with the new survey benchmark 

�_�d�\�e�h�c�W�j�_�e�d �W�Y�h�e�i�i �9�W�d�j�[�h�X�k�h�o�" �j�^�_�i �Z�W�j�W �^�W�i �[�d�W�X�b�[�Z 

ground level surface models to be developed.

6	 Ground investigations
6.1	General background - the Plains

EQC commissioned geotechnical ground investigations for 

residential areas where the land was most affected by the 

Dar�eld and Christchurch 1 earthquakes. T&T did broad scale 

investigations on behalf of EQC within the affected areas 

of the Waimakariri district, Christchurch city and Selwyn 

district suburbs. On the Plains this included subsurface site 

investigations and factual reporting at a suburb-wide level  

of detail.

This section outlines the investigations and reporting 

undertaken across 50 Canterbury suburbs.

The factual reports collate geotechnical investigation 

data from boreholes, soil tests and geophysical testing in 

each suburb. Factual geotechnical information obtained 

from the investigations is intended to provide a source of 

geotechnical data to support geotechnical advice for EQC 

and for future Council consent applications for the suburb. 

The reports present all available geotechnical and engineering 

geological investigations that were commissioned by EQC 

during 2010-2011 and all readily available geotechnical data 

that Environment Canterbury (ECan) held for the suburb 

as at September 2010. No interpretation of the factual 
A machine drilling a borehole to assist in geological pro�ling of land in Canterbury affected by the earthquakes. Photo: Tonkin & Taylor.

The information found on the website consists of area-

wide geotechnical investigations in residential areas where 

signi�cant widespread liquefaction was observed. 

These investigations included:

	 a)	Cone penetration testing

	 b)	Machine boreholes

	 c)	Geophysical testing

	 d)	Groundwater observations

	 e)	Laboratory testing.

6.2.1	 Cone penetration testing (CPT)

CPT identi�es continuous subsurface ground strength 

properties and characterises the typical soil pro�le.

6.2.2	 Machine boreholes 

Machine borehole information provides intermittent ground 

strength parameters of the subsurface conditions and a clear 

indication of the soil types from the actual core recovered. 

This information along with CPT results is used to produce a 

geological pro�le for the area.

EQC has stored material retrieved from the boreholes.
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6.2.3	 Geophysical testing

Geophysical testing comprised Multichannel Analysis of 

Surface Waves (MASW) which is a technique to calculate the 

subsurface ground pro�le based on geophone measurements 

(vibration) recorded at the surface. Typically the geophones 

used were spaced at 1 metre(m) centres, to produce a 

vertical pro�le extending about 13m below ground level. 

This technique was carried out at approximately �ve metre 

intervals along a horizontal alignment to provide a two 

dimensional pro�le of the strength and density of the soil. 

This was compared to the CPT data and borehole information 

to further determine and con�rm information about the 

geological pro�le (densities of materials) to approximately 

13m below the existing ground surface. The geophysical 

survey line may also identify loose deposits from old river 

channels that could be present in the subsurface strata in 

some locations.

6.2.4	 Groundwater observations

Initial groundwater observations were made based on  

results of CPT testing, �eld observations of waterways  

(river and stream levels) and standpipe piezometers 

(instruments that measure the ground water level) that  

were installed during CPT testing and borehole drilling. 

Additional piezometers for ongoing groundwater  

monitoring were installed where appropriate and as  

detailed in the factual reports.

Ongoing monitoring of established piezometers is undertaken 

on a monthly basis, as well as after any signi�cant aftershocks 

(Section 7). This monitoring data is used in conjunction with 

historic groundwater data to produce groundwater contour 

models for the affected regions.

6.2.5	 Laboratory testing

Soil classi�cation tests have been undertaken to provide 

quantitative analysis of the recovered sample materials  

from the boreholes.

6.2.6	� Summary of area-wide suburb 
testing locations - the Plains

Table 6.1 indicates the general suburb locations where 

geotechnical subsurface ground investigations have been 

done. Investigations and reporting were nearly complete 

after the 4 September 2010 earthquake when the  

22 February 2011 earthquake happened. Additional testing 

in previously investigated suburbs was added (see asterisk  

in table) and newly affected areas of land were also 

included in the testing.

A total of 1344 CPTs and 162 boreholes were completed 

throughout the suburbs. CPTs were done in 50 suburbs 

and boreholes in 34 of those suburbs. Geophysical testing 

(MASW) of 12km in length was undertaken in 11 suburbs 

and a total of 666 piezometers were installed.

EQC did no further suburb wide geotechnical subsurface 

investigations following the 13 June 2011 and 23 

December 2011 earthquakes, because no new areas 

signi�cantly affected by liquefaction were observed. The 

data collected before these earthquakes is still applicable.

The suburb names used in this table and the geotechnical 

factual reports are indicative of the general area covered 

by each report, not necessarily the of�cial suburb 

boundaries de�ned by the local councils (however the 

factsheet data tables in Appendix C are broken down using 

the of�cial suburb de�nitions).

6.3	General background - Port Hills

Geotechnical mapping and subsurface investigations  

were commissioned by EQC around selected hill suburbs  

(Table 6.2 over page) of Christchurch following the 

Christchurch 1 Earthquake on 22 February 2011. The 

extreme ground shaking in this earthquake caused 

extensive land movements in the Port Hills and Lyttelton. 

Investigations were undertaken for insurance claim 

purposes to understand the mechanisms and triggers 

of the land changes and to determine if there was any 

ongoing movement.

Locations of area-wide land movement were assessed 

together, as shown in Table 6.2. 

Some individual properties may require individual 

geotechnical investigations and reports to be  

undertaken as determined by the normal insurance and 

consenting processes.

�8�>�i �f�e�i�j 
�I�[�f�j �(�&�'�&

�8�>�i �f�e�i�j  
�<�[�X �(�&�'�'

�J�e�j�W�b �b�[�d�]�j�^ ���c�� 
�e�\ �C�7�I�M 

�9�F�J�i �f�e�i�j 
�<�[�X �(�&�'�'

�J�W�X�b�[ �,�$�'�0 �I�k�X�k�h�X �_�d�l�[�i�j�_�]�W�j�_�e�d �j�[�i�j�_�d�] �b�e�Y�W�j�_�e�d�i �W�d�Z �d�k�c�X�[�h�i

�9�F�J�i �f�e�i�j 
�I�[�f�j �(�&�'�&

Suburb

�M�W�_�c�W�a�W�h�_�h�_ �Z�_�i�j�h�_�Y�j
Kaiapoi North
Kaiapoi South
Kairaki Beach
Pines Beach
Waikuku Beach
�9�^�h�_�i�j�Y�^�k�h�Y�^ �Y�_�j�o
Aranui*
Avon Loop
Avondale*
Avonside*
Beckenham
Bromley
Bryndwr
Belfast
Bexley
Bishopdale
Brooklands
Burwood*
Casebrook
Cashmere
Central city
Dallington
Fendalton*
Halswell
Hillsborough
Hoon Hay*
Kaianga
Linwood
Merivale*
New Brighton*
North New Brighton
Opawa
Papanui
Parklands
Redcliffs
Redwood
Richmond*
Saint Albans*
Saint Martins*
Shirley
Somer�eld
South New Brighton*
Southshore*
Spencerville
Spreydon
Sydenham
Waimairi Beach/Queenspark
Wainoni*
Waltham*
Woolston
Selwyn district
Tai Tapu
�J�e�j�W�b

6
9
1
1
 -

 -
 -
2
7
-
-
-
 -
5
 -
 -
9
 -
-
 -
9
 -
2
-
 -
 -
-
 -
 -
-
-
-
 -
 -
 -
3
 -
 -
-
-
 -
 -
2
-
-
-
5
 -
-

 -
61

-
-
-
-
-

2
-
1
3
4
1
2
-
-
-
-
10
-
2
-
-
7
-
-
3
-
-
6
4
-
3
1
-
-
-
6
7
8
3
4
3
1
-
4
-
3
2
3
8

-
�'�&�'

730
750
 -
 -
 -

 -
 -
1540
1575
 - 
 - 
- 
 -
1200
 -
 -
490
 -
-
 -
2460
 -
 -
-
 -
 -
-
 -
480
 - 
 - 
- 
 -
 -
 -
1245
 -
 -
 -
-
 -
 -
320
-
 -
 -
1220
 -
-

 -
�'�(�"�&�'�&

-
-
-
-
-

29
-
36
17
28
20
12
-
-
-
-
36
-
11
-
-
13
-
14
29
-
37
14
28
6
22
14
-
-
-
39
60
27
25
31
8
-
-
22
14
23
40
21
54

-
�-�)�&

Note: * Suburbs where additional testing was added following the 22 February 2011 earthquake.

43
55
3
11
2

5
5
19
31
-
-
-
13
35
12
22
60
8
-
4
62
12
49
-
4
2
-
7
9
-
-
-
9
3
16
32
13
1
-
-
1
10
20
-
-
-
28
1
-

7
614
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As with the Plains, geotechnical ground investigations have 

been undertaken and this general technical information will 

assist in repair and rebuild decisions for areas damaged by  

the earthquakes. 

Machine boreholes (BHs) have been drilled to provide 

intermittent ground strength parameters of the subsurface 

conditions and a clear indication of the soil types from 

the core material recovered. This information along with 

results from piezometers (instruments that measure �uid 

pressure) and inclinometers (instruments used to monitor 

land movement) is used to produce a geological pro�le for 

the area.

No further area wide investigations were undertaken by 

EQC following the 13 June 2011 and 23 December 2011 

earthquakes because the data already collected is still 

applicable. However, ongoing monitoring has been  

undertaken following further signi�cant earthquake shaking.

Key points:
�š����;�G�9 �^�W�i �Y�e�b�b�[�Y�j�[�Z �W �b�e�j �e�\ �j�[�Y�^�d�_�Y�W�b �Z�W�j�W�" �e�d �X�e�j�^ 

�j�^�[ �F�b�W�_�d�i �W�d�Z �j�^�[ �F�e�h�j �>�_�b�b�i�" �j�e �k�d�Z�[�h�i�j�W�d�Z �^�e�m �j�^�[ 

�[�W�h�j�^�g�k�W�a�[�i �^�W�l�[ �Y�^�W�d�]�[�Z �j�^�[ �b�W�d�Z�$ �J�^�_�i �_�i �_�c�f�e�h�j�W�d�j 

for settling individual claims and the information has 

been collected expressly for this purpose.

well boreholes from around Christchurch following  

the earthquake.

An initial analysis of the reported data shows there were 

signi�cant groundwater level changes in eastern parts of 

Christchurch following the 22 February 2011 earthquake 

compared with what was recorded in the 4 September 2010 

earthquake. Relatively short-term spikes in groundwater 

levels in the eastern suburbs were recorded, with increases 

of about 4m in some places. This was generally expected 

considering the proximity of the earthquake and the strong 

ground shaking recorded. The September 2010 earthquake 

had a greater impact in the west of Christchurch.

Generally groundwater levels have returned to almost 

normal levels in most cases and there is no clear evidence of 

signi�cant change in aquifer pressures or properties. Initial 

test results suggest there has been little long term impact 

on groundwater levels in the Christchurch area from both 

earthquakes (i.e. the absolute level of groundwater remains 

the same, but in some areas the land elevation has dropped 

so the groundwater is closer to the surface).

ECan is undertaking ongoing monitoring to check for  

damage and blockages to the monitoring wells.

As part of the overall geotechnical ground investigations 

commissioned by EQC around selected suburbs of 

Canterbury, a series of standpipe piezometers (instruments 

measuring �uid pressure) were installed in completed 

boreholes to a depth of approximately 6m below ground 

surface. Standpipe piezometers were also installed in 

completed CPT locations to approximately 4m below  

ground surface between February and December 2011. 

Standpipes were installed across the city to monitor 

groundwater to be used in groundwater surface modelling.  

A total of 666 standpipes were installed across various 

suburbs (Table 7.1 over page). These have been monitored 

on a monthly basis since installation. A number of 

standpipes have electronic level loggers installed and data is 

downloaded periodically from them.

After each earthquake the groundwater levels generally 

returned to their original elevation, because the 

groundwater surface elevation is strongly in�uenced by 

the mean sea level. Information collected from the widely 

spaced geotechnical site investigations and measurements 

of groundwater levels was combined with ECan water level 

data to develop a groundwater model. 

�š����;�G�9 �_�i �i�^�W�h�_�d�] �W�h�[�W�#�m�_�Z�[ �Z�W�j�W �_�j �^�W�i �Y�e�b�b�[�Y�j�[�Z �m�_�j�^  

�e�j�^�[�h �W�]�[�d�Y�_�[�i �i�k�Y�^ �W�i �j�[�h�h�_�j�e�h�_�W�b �b�e�Y�W�b �W�k�j�^�e�h�_�j�_�[�i�"  

�9�;�H�7�" �W�d�Z �[�d�]�_�d�[�[�h�_�d�] �W�d�Z �Y�e�d�i�j�h�k�Y�j�_�e�d �f�h�e�\�[�i�i�_�e�d�W�b�i�" 

�j�e �\�W�Y�_�b�_�j�W�j�[ �h�[�X�k�_�b�Z�_�d�] �_�d �9�W�d�j�[�h�X�k�h�o�$

�š����J�[�Y�^�d�_�Y�W�b �Z�W�j�W �Y�e�b�b�[�Y�j�[�Z �X�o �;�G�9 �e�d �j�^�[ �F�b�W�_�d�i �_�i 

available in technical reports on its website:  

http://canterbury.eqc.govt.nz/news/reports

�š����J���J�½�i �j�[�Y�^�d�_�Y�W�b �c�W�f�f�_�d�] �W�d�Z �W�d�W�b�o�i�_�i �m�e�h�a �\�e�h �;�G�9  

is internationally peer reviewed by geotechnical  

�[�n�f�[�h�j�i �_�d �j�^�[ �K�d�_�j�[�Z �I�j�W�j�[�i �W�d�Z �D�[�m �P�[�W�b�W�d�Z�$

7	� Groundwater data and 
assessment

Groundwater levels across Canterbury are important 

when considering the effects of liquefaction on the land. 

Liquefaction occurs where loose soils below the 

groundwater level lose substantial strength and stiffness 

in response to earthquake shaking. This causes the soil to 

behave like a pressurised liquid where the sand and water  

mixture is ejected to the ground surface. 

ECan published a report “Earthquake impacts on  

groundwater - Update #1” dated 13 April 2011 (ECan, 2011) 

following the earthquake of 22 February 2011. This  

report presents groundwater levels monitored in deep  

Groundwater level (Lyttleton datum 1937) contouring 

across the city was completed using the Surfer (version 10) 

contouring and presentation package.

The groundwater levels were calculated using the median 

for sites with short periods of record (generally less than �ve 

monthly records during winter 2011), and mean plus one 

standard deviation for sites where the length of record was 

more than a year.

Maps showing the general groundwater contour model 

across the various suburbs (the Plains) are provided in 

Appendix B.

Key points:
�š����M�^�_�b�[ �j�^�[�h�[ �m�[�h�[ �Y�^�W�d�]�[�i �_�c�c�[�Z�_�W�j�[�b�o �W�\�j�[�h �j�^�[ �c�W�_�d 

�[�W�h�j�^�g�k�W�a�[�i�" �_�d�_�j�_�W�b �j�[�i�j �h�[�i�k�b�j�i �i�k�]�]�[�i�j �j�^�[�h�[ �^�W�i 

been little long term impact on groundwater levels in 

�9�W�d�j�[�h�X�k�h�o�$ �J�^�W�j �c�[�W�d�i�" �j�^�[ �W�X�i�e�b�k�j�[ �b�[�l�[�b �e�\ �]�h�e�k�d�Z 

�m�W�j�[�h �h�[�c�W�_�d�i �j�^�[ �i�W�c�[�" �X�k�j �_�d �i�e�c�[ �W�h�[�W�i �j�^�[ �b�W�d�Z �^�W�i 

dropped so the groundwater is closer to the surface.

�š����=�h�e�k�d�Z�m�W�j�[�h �b�[�l�[�b�i �W�h�[ �_�c�f�e�h�j�W�d�j �m�^�[�d �Y�e�d�i�_�Z�[�h�_�d�] 

the effects of liquefaction on the land in any future 

events.

�.�� �?�d�\�e�h�c�W�j�_�e�d �Z�W�j�W �W�Y�g�k�_�i�_�j�_�e�d 
Various forms of data have been collected for the purpose of 

assisting EQC land claims settlement process and include:

	 1.	 Rapid mapping of land observations

	 2.	� Land damage assessment team (EQC LDAT) individual 

property inspections

	 3.	 Subsurface ground investigations

	 4.	 Groundwater levels

	 5.	 LiDAR airborne surveys of land levels

	 6.	 Ground surveys of land levels.

As outlined in Section 1, T&T has engaged with a range of 

local and international experts. The data has been received 

and input into a database that can be interrogated to 

produce maps and information to assist in the Canterbury 

recovery process. 

All land damage information collected and collated by T&T 

on behalf of EQC is made available for EQC insurance claim 

settlement processes.

The map series (Table 8.1 over page) generated for this land 

report are detailed below and included in Appendix B. 

�J�W�X�b�[ �,�$�(�0 �=�h�e�k�d�Z �_�d�l�[�i�j�_�]�W�j�_�e�d�i �_�d �W�h�[�W �m�_�Z�[ �b�W�d�Z �c�e�l�[�c�[�d�j �b�e�Y�W�j�_�e�d�i 
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Piezometers 
installed
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�9�b�_�\�\ �Y�e�b�b�W�f�i�[ �m�_�j�^ �j�[�d�i�_�e�d �Y�h�W�Y�a�_�d�] �W�X�e�l�[�" �_�d�k�d�Z�W�j�_�e�d�" 
�i�[�_�i�c�_�Y �Z�_�i�f�b�W�Y�[�c�[�d�j�" �h�[�j�W�_�d�_�d�] �m�W�b�b �\�W�_�b�k�h�[�" �Å�b�b  
settlement/slumping.

�I�[�_�i�c�_�Y�W�b�b�o �Z�_�i�f�b�W�Y�[�Z �b�W�d�Z �W�j �X�W�i�[ �e�\ �i�b�e�f�[�" �b�e�Y�W�b�_�i�[�Z 
retaining wall failure.

�9�b�_�\�\ �Y�e�b�b�W�f�i�[�" �i�[�_�i�c�_�Y�W�b�b�o �Z�_�i�f�b�W�Y�[�Z �b�W�d�Z�" �b�W�d�Z�i�b�_�f 
(extension/ translation/compression).

Seismic displacement with tension cracking above headscarp.

�I�[�_�i�c�_�Y�W�b�b�o �Z�_�i�f�b�W�Y�[�Z �b�W�d�Z �W�j �X�W�i�[ �e�\ �i�b�e�f�[�" �Y�e�d�j�_�d�k�e�k�i 
�Y�h�W�Y�a�i �j�^�h�e�k�]�^ �W�Z�`�W�Y�[�d�j �f�h�e�f�[�h�j�_�[�i�" �b�e�Y�W�b�_�i�[�Z �h�[�j�W�_�d�_�d�]  
wall failure.

�9�b�_�\�\ �Y�e�b�b�W�f�i�[�" �_�d�k�d�Z�W�j�_�e�d�" �h�[�j�W�_�d�_�d�] �m�W�b�b �\�W�_�b�k�h�[�" �Å�b�b 
�i�[�j�j�b�[�c�[�d�j�%�i�b�k�c�f�_�d�]�" �j�[�d�i�_�e�d �Y�h�W�Y�a�_�d�]�$

�I�[�_�i�c�_�Y�W�b�b�o �Z�_�i�f�b�W�Y�[�Z �b�W�d�Z�" �b�W�d�Z�i�b�_�f ���[�n�j�[�d�i�_�e�d�%  
translation/compression). Generation of springs at  
toe of slope.

Notes: * land that has moved down slope during/immediately following earthquake shaking  **land movement monitoring instrument



EARTHQUAKE COMMISSION: Canterbury Earthquakes 2010 and 2011 - Land report as at 29 February 2012 14

ENVIRONMENTAL AND ENGINEERING CONSULTANTS

�F�e�i�j �* �I�[�f�j�[�c�X�[�h �(�&�'�&

�J�W�X�b�[ �-�$�'�0 �I�j�W�d�Z�f�_�f�[ �f�_�[�p�e�c�[�j�[�h�i �_�d�i�j�W�b�b�[�Z �j�^�h�e�k�]�^�e�k�j �l�W�h�_�e�k�i �i�k�X�k�h�X�i

�F�e�i�j �(�( �<�[�X�h�k�W�h�o �(�&�'�'Suburb

�M�W�_�c�W�a�W�h�_�h�_ �Z�_�i�j�h�_�Y�j
Kaiapoi North 
Kaiapoi South 
Kairaki Beach
Pines Beach 
�9�^�h�_�i�j�Y�^�k�h�Y�^ �Y�_�j�o
Aranui 
Avon Loop 
Avondale 
Avonside 
Beckenham 
Belfast 
Bexely 
Bishopdale 
Bromley 
Brooklands 
Bryndwr 
Burwood 
Casebrook 
Cashmere 
Central city
Dallington 
Fendalton 
Halswell 
Hillsborough 
Hoon Hay
Kaianga 
Linwood 
Merivale 
New Brighton 
North New Brighton
Opawa 
Papanui 
Parklands 
Redcliffs
Redwood 
Richmond 
Saint Albans 
Saint Martins 
Shirley 
Somer�eld 
South New Brighton 
Southshore 
Spencerville
Spreydon
Sydenham 
Waimairi Beach-Queenspark 
Wainoni 
Waltham 
Woolston 
�J�e�j�W�b
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2
1
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23
20
3
8

23
4
28
21
21
4
16
8
10
11
6
44
2
1
2
34
12
14
9
11
2
17
5
21
4
10
5
9
3
14
36
23
8
15
16
9
10
5
7
5
21
20
8
31
639

�8�> ���7�f�f�h�e�n �,�c �Z�[�f�j�^���9�F�J ���7�f�f�h�e�n �*�c �Z�[�f�j�^���8�> ���7�f�f�h�e�n �,�c �Z�[�f�j�^��

 �J�W�X�b�[ �.�$�' �# �C�W�f �i�[�h�_�[�i

�C�W�f �i�[�h�_�[�i �'�# �E�l�[�h�l�_�[�m �c�W�f�i

�C�W�f �i�[�h�_�[�i �( �# �D�e�h�j�^�[�h�d �i�k�X�k�h�X�i

�C�W�f �i�[�h�_�[�i �) �# �9�[�d�j�h�W�b �i�k�X�k�h�X�i

�C�W�f �i�[�h�_�[�i �* �# �;�W�i�j�[�h�d �i�k�X�k�h�X�i

�C�W�f �i�[�h�_�[�i �+ �# �I�e�k�j�^�[�h�d �i�k�X�k�h�X�i

�C�W�f �i�[�h�_�[�i �, �# �F�e�h�j �>�_�b�b�i �W�d�Z �B�o�j�j�[�b�j�e�d �i�k�X�k�h�X�i

Map 1.1

Map 1.2

Map 1.3

Map 1.4

Map 1.5

Map 1.6

Map 2a

Map 2b

Map 2c

Map 2d

Map 2e

Map 2f

Map 2g

Map 2h

Map 3a

Map 3b

Map 3c

Map 3d

Map 3e

Map 3f

Map 3g

Map 3h

Map 4a

Map 4b

Map 4c

Map 4d

Map 4e

Map 4f

Map 4g

Map 4h

Map 5a

Map 5b

Map 5e

Map 6a

Map 6b

Map 6b-1

Map 6b-2

Map 6b-3

Map 6b-4

General overview map

Overview map - Northern suburbs 

Overview map - Central suburbs

Overview map - Eastern suburbs 

Overview map - Southern suburbs

Overview map - Port Hills and Lyttelton suburbs

General land observation map

Detailed land observation map

Detailed land observation map 

Observed ground cracking

Groundwater elevation contours

LiDAR survey

LiDAR survey

Ground surface elevation change

General land observation map

Detailed land observation map

Detailed land observation map

Observed ground cracking 

Groundwater elevation contours

LiDAR survey

LiDAR survey

Ground surface elevation change

General land observation map	

Detailed land observation map	

Detailed land observation map

Observed ground cracking 	

Groundwater elevation contours

LiDAR survey	

LiDAR survey	

Ground surface elevation change

General land observation map

Detailed land observation map

Groundwater elevation contours

General land observation map

Detailed land observation map	

Detailed land observation map	

Detailed land observation map	

Detailed land observation map	

Detailed land observation map

Total area of liquefaction observations to 13 June 2011

Recorded observations from 4 September 2010

Recorded observations from 22 February 2011 

Crack locations post 4 September 2010 and 22 February 2011

Bare earth digital elevation model pre September 2010

Bare earth digital elevation model post June 2011

LiDAR difference pre 2010 to post June 2011

Total area of liquefaction observations to 13 June 2011

Recorded observations from 4 September 2010

Recorded observations from 22 February 2011

Crack locations post 4 September 2010 and 22 February 2011

	

Bare earth digital elevation model pre September 2010

Bare earth digital elevation model post June 2011

LiDAR difference pre 2010 to post June 2011

Total area of liquefaction observations to 13 June 2011

Recorded observations from 4 September 2010

Recorded observations from 22 February 2011

Crack locations post 4 September 2010 and 22 February 2011

Bare earth digital elevation model pre September 2010

Bare earth digital elevation model post June 2011

LiDAR difference pre 2010 to post June 2011 

Total area of liquefaction observations to 13 June 2011

Recorded observations from 4 September 2010

Aggregated land observations to 13 June 2011

Land observations after 13 June 2011

Land observations after 13 June 2011

Land observations after 13 June 2011

Land observations after 13 June 2011

Land observations after 13 June 2011

Port Hills to Diamond Harbour

Port Hills to Diamond Harbour

Westmoreland to Hillsborough

Heathcote to Scarborough

Lyttelton

Diamond Harbour
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�/�� �I�k�X�k�h�X �j�[�Y�^�d�_�Y�W�b �b�W�d�Z 
�_�d�\�e�h�c�W�j�_�e�d �# �j�^�[ �F�b�W�_�d�i
A series of factsheets have been prepared to summarise 

the area-wide technical land information collected by EQC 

for the residential areas on the Plains most affected by 

liquefaction and lateral spread. This includes subsurface 

investigation information, typical groundwater levels and 

changes in ground elevation.

Each main earthquake has resulted in differing extents 

and patterns of liquefaction and lateral spread occurring 

across the Canterbury region. The variation is the result of 

the varying proximity of the epicentres of the earthquakes, 

the magnitudes, depths, shaking duration and geological 

conditions. The liquefaction which has occurred throughout 

many parts of Christchurch city and Waimakariri and Selwyn 

districts was extensive, and in some areas the effects 

accumulated from the ongoing series of earthquakes. 

It was recognised at an early stage that in places land 

had undergone changes over wide areas due to tectonic 

movements, as well as more localised movements because 

of liquefaction. Over much of the wider Christchurch area 

land is now higher, or lower, and/or in a different place  

than it was prior to the earthquakes. This does not 

necessarily imply that the land has been damaged, rather 

that the land has changed.

The main source informing the vertical and lateral changes 

to the land has been the LiDAR surveys. Benchmark 

resurveys by GNS and Land Information New Zealand (LINZ) 

have con�rmed the LiDAR information at point locations.

As a result of land lowering, some areas may now be more 

susceptible to liquefaction and �ooding effects.

In the Port Hills, strong shaking has resulted in rock fall,  

large-scale cliff collapse and consequential inundation, as  

well as smaller land movement, ground cracking and  

retaining wall failures.

This physical land damage has been assessed from  

regional mapping using aerial photographs and rapid  

ground reconnaissance, as well as property-by-property 

mapping, and lastly though detailed individual land  

damage assessments.
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Suburbs includedRegionSheet number

1

2

3

4

5

6

7

8 

9

10

11 

12 

13

14

15

Kaiapoi

Kairaki Beach to Pines Beach

Spencerville to Brooklands

Casebrook to Belfast

Parklands to Waimairi Beach

Ilam to Bishopdale

Merivale to Mairehau

Richmond to Burwood 

Aranui to North New Brighton

Hillmorton to Riccarton

Cashmere to Sydenham 

St Martins to North Linwood 

Redcliffs to South New Brighton

Halswell

Tai Tapu to Halswell

Kaiapoi Lakes, North Kaiapoi and South Kaiapoi

Kairaki Beach and Pines Beach

Brooklands and Spencerville

Belfast, Casebrook, Northcote, Redwood and Styx

Parklands, Queenspark and Waimairi Beach

Bishopdale, Bryndwr, Burnside, Fendalton and Ilam

Central city, Mairehau, Merivale, Papanui and St Albans

Avondale, Avonside, Burwood, Dallington, Richmond, Shirley, 
Travis, Wainoni and Westhaven

Aranui, Bexley, New Brighton and North New Brighton

Hillmorton, Hoon Hay, Riccarton and Upper Riccarton

Addington, Beckenham, Cashmere, Somer�eld, Spreydon and 
Sydenham

Bromley, Linwood, North Linwood, Opawa, Phillipstown,  
St Martins, Waltham and Woolston

Redcliffs, South New Brighton and Southshore

Halswell, Oaklands, Wentworth Park and Westlake

Halswell River, Lincoln and Tai Tapu
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12	Glossary
Alluvial deposits

These are formed over very long periods of time as �ne 

particles of silt and clay, and larger particles of sand and 

gravel, are deposited and reshaped by water. Alluvial deposits 

underlie large areas of the Canterbury Plains.

�8�[�W�h�_�d�] �Y�W�f�W�Y�_�j�o �\�W�_�b�k�h�[

The ground’s ability to support foundations, and the buildings 

above, is termed its “bearing capacity”. This capacity can vary. 

As an example some soil types when �ooded or exposed 

to earthquake may behave quite differently and have 

dramatically reduced ability to support foundations,  

leading to bearing capacity failure.

�8�k�_�b�Z�_�d�]

Where the word “building” is used in this document it shall 

be taken to mean residential dwelling unless it explicitly 

states otherwise.

Deposition

Deposition is the geological process by which material is 

added to a landform or land mass. Wind and water can carry 

eroded materials and deposit these over extended geologic 

periods building up layers of sediment.

Differential settlement

When designing foundations for buildings the primary design 

concerns are settlement and the ability of the ground to 

support the weight (referred to as bearing capacity). All 

structures settle to some degree as the ground below takes 

the added weight. Differential settlement is when one part of 

a foundation settles more than another part and can cause 

problems to the building above.

Epicentre

The epicentre is the point on the earth’s surface directly 

above the point where an earthquake rupture starts  

(the hypocentre).

Ground oscillation

In areas where liquefaction occurs away from the 

unconstrained edge of a channel or dip, large horizontal 

�'�)���7�f�f�b�_�Y�W�X�_�b�_�j�o
This report was prepared and/or compiled for EQC to 

communicate information that may be relevant to 

residential land claims under the Earthquake Commission 

Act 1993. The report was not intended for any other purpose 

and may not be relied upon for any other purpose. EQC and 

its engineers, Tonkin & Taylor, have no liability to any user of 

any map(s) and data in this report or for the consequences 

of any other person relying on them in any way. This 

information is not intended to form a complete technical 

report on land changes in all or any part of Canterbury.

�J�e�d�a�_�d �� �J�W�o�b�e�h �B�j�Z 
�;�d�l�_�h�e�d�c�[�d�j�W�b �W�d�Z �;�d�]�_�d�[�[�h�_�d�] �9�e�d�i�k�b�j�W�d�j�i

Authorised for Tonkin & Taylor Ltd by:

	

Nick Rogers - Project Director

movement and cracks are unable to occur. However, due 

to the underlying lique�ed material, the ground surface 

is able to move backwards and forwards (oscillate) during 

earthquake shaking. This may cause minor ground cracking 

and damage to underground infrastructure.

�>�o�f�e�Y�[�d�j�h�[

The hypocentre is the point within the earth where an 

earthquake rupture starts.

Lateral spreading

The most severely affected areas are where land has been 

able to move horizontally due to its proximity to open 

channels or dips. The land is unconstrained and moves 

towards these channels. In moving, cracks parallel to the 

channel can open up and the surface of the land can drop. 

Liquefaction

Liquefaction describes a process where loose soils below  

the groundwater level substantially lose strength and 

stiffness in response to an applied cyclic force, such as 

earthquake shaking, causing the soil to behave like a 

pressurised liquid. For example, in some areas in Canterbury 

the pressurised soil/ water mixture has squeezed to the 

surface through cracks, creating sand boils, colloquially 

called “sand volcanoes”. 

Liquefaction related settlement

After land has lique�ed, the pressurised groundwater �ows 

out of the soil and this allows the soil to reconsolidate. Also, 

in many areas, some of the lique�ed soil was ejected to the 

surface. Both of these processes result in ground settlement. 

Most of this settlement will have occurred shortly after the 

earthquake, but in some areas gradual settlements occurred 

for several weeks or months after the earthquake. 

Magnitude (M)

Magnitude is a measure of the energy at the source. There 

are several different measures of magnitude but the one 

now and almost exclusively used in New Zealand is termed 

Moment Magnitude. All the different magnitude measures 

are related to a log-based scale proposed by Richter and are 

adjusted to be almost the same in the range of magnitude 

6.0 to 7.5, and so are all loosely termed the “Richter Scale”.
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APPENDIX A 
Generic land damage types

The Plains
Lateral spreading

Land cracking
Undulating land

Localised ponding
Local settlement

New groundwater springs
Inundation by ejected sand and silt

The Port Hills
Rockfall

Large scale landslides
Small scale landslides/ Retaining wall failures
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EARTHQUAKE COMMISSION
LAND DAMAGE TYPES - THE PLAINS
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EARTHQUAKE COMMISSION
LAND DAMAGE TYPES - THE PLAINS

LAND CRACKING
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EARTHQUAKE COMMISSION
LAND DAMAGE TYPES - THE PLAINS

UNDULATING LAND
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EARTHQUAKE COMMISSION
LAND DAMAGE TYPES - THE PLAINS

LOCALISED PONDING
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EARTHQUAKE COMMISSION
LAND DAMAGE TYPES - THE PLAINS

LOCAL SETTLEMENT
STORMWATER / SEWER DRAINAGE DAMAGENTS
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EARTHQUAKE COMMISSION
LAND DAMAGE TYPES - THE PLAINS

NEW GROUNDWATER SPRINGS
NTS
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EARTHQUAKE COMMISSION
LAND DAMAGE TYPES - THE PLAINS

INUNDATION BY EJECTED SAND & SILT
NTS
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EARTHQUAKE COMMISSION
LAND DAMAGE TYPES - PORT HILLS

ROCKFALL
NTS

52000.4000 Figure 10 0

JATG

L:
\5

20
00

\5
20

00
.4

00
0 

R
ep

or
tin

g 
to

 E
Q

C
\W

or
ki

ng
M

at
er

ia
l\C

A
D

\5
20

00
.4

00
0-

F1
_F

12
.d

w
g 

F
10

 2
8/

05
/2

01
2 

2:
44

:1
7 

p.
m

.

(Before)

(After)

Existing rock

Outcrop

Outcrop

Existing rock

RoadRoad

Rock

Rock debris

Rock debris

Existing rock

RoadRoad

New rock inundation

Basalt

Basalt

Existing rock

New rock inundation

New rock inundation
(dwelling damage)

Former outcrop

Former outcrop

LAND DAMAGE ROCKFALL

LAND DAMAGE ROCKFALL

The Port Hills - Rock fall






































































































































