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On Monday 15th November at 12:02 am a large earthquake occurred in the South Island of 

New Zealand, located 15 km north-west of the Canterbury town of Culverden at 15 km 

depth. The initial earthquake was followed by three further earthquakes with magnitudes >6 

and thousands of aftershocks. Initial estimates of the magnitude have now been revised up 

from 7.5 to 7.8 (due to the complexity and duration of the rupture a more in-depth analysis of 

magnitude was required, as well as manual accessing of recording stations that lost 

communication during the event (www.geonet.org.nz)). The Modified Mercalli Intensity (MMI) 

at this stage is estimated to have been a maximum of 8. 

The fault rupture took over a minute, and the resultant shaking (together with the thousands 

of aftershocks) has caused widespread damage, loss of two lives, mass evacuation of 

homes due to a tsunami warning, building damage, irreparable damage to rail and roads 

from landslides and fault rupture with resultant isolation of communities, temporary loss of 

communication , uplift of the sea bed and loss of critical ecological habitats and landslide 

damming of rivers.

As the event took place only 4 days ago, scientists have not had a chance to analyse data 

and produce the kind of in-depth research that will no doubt emerge over the coming months 

and years. However preliminary findings and insights have been provided by the tireless 

engineering, research and emergency management teams working around the clock to 

check building safety, collect and analyse available data, keep people safe, and to make 



probabilistic assessments of what is in store for New Zealand in the near future. Anyone that 

has been through an emergency situation like an earthquake will know that there is an 

overwhelming flood of information (scientific and otherwise) channelled to you through news 

outlets, social media, radio broadcasts and word of mouth in the initial hours, days and 

weeks. It is a challenge to absorb, deconstruct and organise this plethora of information into 

a scenario that makes sense and is scientifically sound. A short synthesis of the available 

information is provided below. Please follow the links provided to get a fuller picture, and to 

view the great images and figures available.



The Earthquake

The earthquake was one of the most complex ever observed (GNS Science). Fault traces 

are still being mapped, however as far as we know the rupture occurred on six fault 

segments. 

https://youtu.be/vrmiNw6cqtg

The biggest displacements are seen on the Kekerengu, Hope, Hundalee, and Waipapa Bay 

faults. Strike-slip displacement along the Kekerengu Fault reached up to 10 m, in one 

location ripping a house off its foundations.

(Source: Temblor)



Known active faults in red, fault segments that ruptured in Monday’s event in blue (GNS 

Science).



http://www.stuff.co.nz/national/86565581/finding-out-how-much-the-earth-moved-during-massive-

earthquake.

Below is a map of Peak Ground Accelerations (PGA) recorded around New Zealand.The 

highest PGA, 1.29g, was recorded in Ward, located near the epicentre of a second rupture 

that occurred offshore, triggered simultaneously with the Kaikoura earthquake. Wellington 

City observed up to 0.23g; many buildings are considered to be sufficiently damaged to pose 

a safety threat and at least one multi-storey building will need to be demolished.



(Source: Beca)

Computer simulations show that up to 10 m of fault movement must have occurred, to fit the 

InSAR displacement information (GNS Science). 



(http://info.geonet.org.nz/display/quake/2016/11/18/Viewing+the+M7.8+Kaikoura+earthquak

e+from+space)

The images below show the horizontal and vertical displacement of parts of New Zealand 

(GNS Science)-even Auckland has moved with changes in groundwater levels recorded 

north Auckland (Beca)!





The consequences of such dramatic uplift are not yet fully understood; however, we know 

that the sea bed around Kaikoura has been uplifted by somewhere between 70 and 200 cm. 

https://twitter.com/IHLaking/status/798836767331741696

The following image is of Paua beds (Abelone for our foreign readers) exposed due to uplift:



Some aerial images of the uplifted beds are amazing: 

https://twitter.com/TonkinTaylor/status/798358839661760512

Other unique habitats have been destroyed, such as seal colonies and bird breeding 

grounds:

http://www.stuff.co.nz/the-press/news/86607909/the-paua-of-the-earth-seals-whales-

dolphins-birds-and-shellfish-hit-by-quakes



Tsunami

The main earthquake, as well as aftershocks generated tsunami waves that were recorded, 

mainly in Canterbury, at different times on Monday morning. Localised tsunami damage 

occurred where in one location inundation occurred up to 140 m inland:

http://www.rebuildchristchurch.co.nz/blog/2016/11/tsunami-threat-real-in-7-8-quake-and-

aftershocks

Landslides

The shaking occurred in a mountainous area of NZ and triggered many landslides (early 

estimates are of up to 100,000): GNS states: The effects were widespread over an area of 

7,000 km2 with estimates that there has been between 80,000 to 100,000 landslides 

triggered by the earthquake and subsequent aftershocks. Along the coastline damage 

became apparent south from Cape Campbell, becoming more intense south of the Clarence 

River, with several large (100,000 – 500,000 m3) landslides disrupting both SH1 and SIMT 

railway (e.g. Ohau Point and Waipapa Bay areas). South of Kaikoura, on the steep slopes 

near Twin Tunnels, damage was similar to areas north of Kaikoura.

A great question and answer session from landslide researchers can be viewed here: 

http://www.sciencemediacentre.co.nz/2016/11/17/earthquakes-and-landslides-expert-qa/). 

Landslides have inundated the critical trunk line of the South Island (State Highway 1). 

These, together with surface displacement have rendered this road, and many others, 

impassable:



(Source: NZ Herald)

(Source: NZTA)



(Source: NZTA)



(Source all images: Stuff.co.nz)

Landslide dams have inundated the Clarence, Hapuka, Waipa, Kowhai, Kahutara, Conway, 

Towie and Leader Rivers, and Robson and Linton Creek (map below).Please excuse my 

confusion of names between the main rivers and their tributaries. 



Landslide dam over the Waipa River Landslide dam over the Conway River
(Source: GNS Science)

The Clarence River landslide dam was breached shortly after the earthquake on Monday 

morning.



(Source: Stuff.co.nz)

A 150 m high dam has formed across the Hapuka River, which people are being warned to 

stay clear of in case of catastrophic failure:

https://www.facebook.com/CanterburyEM/photos/a.10150251111124674.342545.25968046

4673/10154899781169674/?type=3

The risk of further landslides has been analysed by Dr Tom Robinson of Durham University:



Dr Robinson comments on the likelihood of further landslide dams:  there are substantially 

more sections of river deemed to be at Very High risk of landslide dam. The initial model 

identified 132 sections of river in Marlborough and North Canterbury. The new model has 

increased this to 240 sections. This includes the recently identified dam on the Hapuku 



River, which was also captured in the first model. All major river catchments in the Seaward 

Kaikoura Ranges now have at least 1 section deemed to be at Very High risk of landslide 

dam.

The community of Kaikoura was left isolated following the closure of all rounds in and out of 

the area. 



(Source: NZTA)



Slips across the inland road to Kaikoura (the alternative to the coast road- State Highway 1) 

have been cleared to allow an army convoy to reach the township

(Source: Stuff.co.nz)

Damage to the road is only passable with certain vehicles:

(Stuff.co.nz)

Fortunately, the army convoy, as well as ships and helicopters carrying supplies were able to 

reach Kaikoura to replenish food, water and medical supplies to the stranded population.



Unfortunately, the army convoy is now stuck in Kaikoura, as the inland road is deemed to be 

unsafe due to the risk of further landsliding inundating the roads:

http://www.stuff.co.nz/national/nz-earthquake/86643933/army-convoy-stuck-in-kaikoura-as-

inland-road-deemed-unsafe-due-to-landslips

Structural Damage

Structural damage has left parts of Wellington CBD cordoned off from the public, several 

large buildings set for demolition and the list is growing.

A building on Molesworth Street, deemed at risk of collapse, required the evacuation of all 

neighbouring buildings. During this time a cordon was in place (Stuff.co.nz)

http://www.stuff.co.nz/national/nz-earthquake/86576599/more-wellington-buildings-

cordoned-off-over-earthquake-safety-fears

The New Zealand Society for Earthquake Engineering Incorporated, Structural Engineering 

Society New Zealand Inc and New Zealand Geotechnical Society have released a statement 

on building assessments in Wellington: 



The Societies note that the Monday 14th November Kaikoura Earthquake was an 

extraordinary release of energy much closer to Wellington than is suggested by the location 

of the epicenter. The zone of rupture extends for approximately 200-km, past Kaikoura 

towards the north-north-east. The shaking lasted 90-seconds, significantly longer than the 

20-seconds of the 22 February 2011 Christchurch Earthquake. In addition, the predominant 

ground shaking was in the 1 to 2-second range, with intensity of ground motion in that range 

in excess of the New Zealand design code.

This suggests that buildings of 8 to 15-storeys are likely to have experienced intensity of 

shaking that could potentially cause damage to not only non-structural elements, but also to 

the main structure, particularly if the building is founded on soft soils. This is in contrast to 

short, stiff structures on firm soils or rock, which are likely to have experienced relatively 

lower accelerations in this earthquake.

Wellington’s older building stock tends to be low to medium rise.  Therefore, they do not 

generally appear to have been shaken to a level that may have caused damage to 

earthquake-prone buildings. However, a future aftershock or earthquake closer to Wellington 

may produce significant shaking levels in a range that will damage these buildings.

Many homes in the immediate earthquake vicinity (Kaikoura and North Canterbury) have 

been devastated. Below is an image of Elms Homestead, where sadly one person lost their 

life due to building collapse.



(Source: Stuff.co.nz)

Damage to land and roads has been widespread, with tension cracks through gardens and 

house foundations, sinking of land, and the break-up of roads among some of the issues:

(Source: stuff.co.nz)



(Source all images: Stuff.co.nz)



Although the week has been a sobering one for many, there is some heart-warming news.

Surfs up in Kaikoura, with local surf buffs returning to the beach for the first time since the 

quakes:

http://www.stuff.co.nz/national/nz-earthquake/86643659/kaikoura-surfers-catch-first-wave-

postquake

The ‘quake cows’ stranded on an island within a landslide have been rescued by the farmer 

and are now safe:

A new ‘geographical landmark’ has been formed in Hurunui:



(Source: Stuff.co.nz)

And volunteers have been working tirelessly to rescue Paua and other displaced sea life by 

returning them to the water:

(Source: Stuff.co.nz)

http://www.stuff.co.nz/national/nz-earthquake/86476242/divers-and-volunteers-band-

together-to-save-stranded-shellfish-and-sea-life


