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IMPORTANT NOTES 

 

Disclaimer 

 

The information collected and presented in this report and accompanying documents by the 

Consultants and supplied to West Coast Civil Defence Emergency Management Group is accurate to 

the best of the knowledge and belief of the Consultants acting on behalf of West Coast Civil Defence 

Emergency Management Group.  While the Consultants have exercised all reasonable skill and care in 

the preparation of information in this report, neither the Consultants nor West Coast Civil Defence 

Emergency Management Group accept any liability in contract, tort or otherwise for any loss, damage, 

injury or expense, whether direct, indirect or consequential, arising out of the provision of information 

in this report. 
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Landslides and Debris Flows 
  

1 OVERVIEW 

A landslide is the downward and outward movement of rock, soil and other material on a slope.  

Landslides potentially cover roads and rail, impacting dwelling and other structures and blocking 

streams and rivers, depending on the situation.  They may be caused by earthquakes or heavy rain, or 

they could just occur unexpectedly with no obvious trigger.  The term can be subdivided into falls, 

topples, slides, spreads and flows.  Water is often a trigger or important contributing factor in 

landslides, but in flows, the water and solid matter act together to form a very dense mass with fluid-

like properties and great destructive power.  Debris flows are a sub-set of flows in that the material is 

predominantly coarse, and on the West Coast these predominate rather than mudslides due to the 

geology and landforms. 

 

2 SLIPS 

Some slips simply happen, with no prior warning and without an obvious trigger such as earthquake or 

rainstorm.  Figure 2.1 shows such a slip at Meybille Bay on a steep bush-clad face on the coast road 

north of Punakaiki.  It occurred on a fine day in 2017, and closed the road for several days.  The picture 

was taken after most of the debris had been cleared, with abseilers on the face pulling down remaining 

loose material. 

 

 

Figure 2.1:  Slip at Meybille Bay on SH 6 (David Elms) 
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Although most clear-sky slips of this nature are localised and relatively small, affecting lifelines for a 

few days at most, some can be very big.  For example, a very large landslide, large enough to be called 

a rock avalanche, occurred on Mt Adams on 6 October 1999.  An estimated 10 - 15 million cubic 

metres of material fell a maximum of almost 1800m into the Poerua Valley.  The material formed a 

dam greater than 100m high resulting in a 1200m long lake behind it with an estimated volume of 5 – 7 

million m3 (Figure 2.2).  The dam overtopped a few days later.  The subsequent flood was not as great 

as had been feared, but nevertheless it moved a great deal of material downstream, covering one farm 

and seriously affecting others besides leading to ongoing aggradation of the SH 6 bridge over the 

Poerua River.  This sort of event in the wrong place could potentially lead to ongoing disruption of the 

main West Coast road for a considerable time. 

 

 

 

Figure 2.2:  Rock Avalanche on Mt Adams. (DTec Consulting Ltd, 2002) 

 

Slips and landslides can also result from earthquakes.  Some can be very large, as with the landslide in 

the Upper Buller Gorge in in 1968 Inangahua earthquake (Figure 2.3).  A large dam was formed in the 

Buller River and there were fears that when it breached, Westport would be seriously affected.  

Fortunately the dam eroded gradually and the feared flood did not eventuate.  However, the road 

through the gorge was impassable for a considerable time.  Another extreme earthquake-generated rock 

avalanche (one of six) occurred in the 1929 Arthur’s Pass earthquake, when a large part of Falling 

Mountain (as it was subsequently known) collapsed on to Taruahuna Pass at the head of the Edwards 

Valley (Figure 2.4). Such an event could occur again, possibly affecting a major West Coast lifeline 



Landslides & Debris Flows 

Supplement 5 

Final 3 August 2017 

such as, for example, the road, rail, power and communication links in the Otira Valley.  If this 

happened, the Arthur’s Pass route could be closed for a year or more, depending on the event 

(McCahon et al 2007).  The 1929 Murchison earthquake also generated many major slips. 

 

A major earthquake can also be expected to produce many small or moderate-sized slips on the West 

Coast.  They might be smaller, but they could be deadly: two people were killed by a moderate-sized 

cliff collapse in the Inangahua Earthquake.  However, the focus here is on lifelines.  The problem with 

earthquake-generated slips is that there could be many of them, causing difficulties of access for 

machinery as well as problems of waste disposal.  As could be seen following the 2016 Kaikoura 

earthquake, there is no easy way to deal with a route or lifeline blocked by a multitude of slips, even 

though any one of them could perhaps be cleared within a week or so.  

 

A further issue for recovery is that ongoing aftershocks can make work on major slips too dangerous to 

undertake until the situation has stabilised.  

 

 

 

 

Figure 2.3:  Landslide in the Upper Buller Gorge due to the 1968 Inangahua Earthquake (Simon 

Nathan) 
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Figure 2.4:  Falling Mountain and Taruahuna Pass (Lloyd Homer, GNS Science) 

 

The most frequent cause of landslides and slips is heavy rain.  Generally, local slips are not so difficult 

to deal with and would seldom block routes for more than a few days.  There are two exceptions to this.  

First, extreme weather events can extend over a large area of the West Coast causing multiple slips, 

which could, by their sheer number as well as because of access problems for machinery, cause delays 

in clearing them.  Secondly, there are places where the geology and topography are such that repair of a 

road, say, can take a very long time.  An example was the 1982 slip on the Waimakariri Bluffs and 

Paddys Bend between Cass and the Bealey Bridge.  Although this is not in the West Coast region, 

nevertheless it closed SH 73 for many weeks.  At that point the road traverses along a face high above 

the Waimakariri River, with steep slopes both above and below, and there is no possibility of an 

alternative route other than by following the railway across the river (Figure 2.5). 
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Figure 2.5:  SH 73 Slip Problems at Waimakariri Bluffs and Paddys Bend (NZTA 2016) 

 

Landslide	Dams	

 

Large landslides can and do create large mounds of debris that block rivers and thus form lakes.  These 

landslide dams present a hazard which can persist well past the triggering event of earthquake or rain. 

The 1999 Mt Adams rock avalanche and the 1986 Buller Gorge earthquake landslip have already been 

mentioned.  There are numerous others that have occurred on the West Coast, including many in the 

1929 Murchison earthquake and several with heavy rainfall.  In 1929 the Mokihinui River was dammed 

17km upstream of Seddonville forming a lake 20m deep and several miles long.  The dam failed 2 

weeks after the earthquake flooding Seddonville by up to 3m and causing more damage than the 

earthquake.  Dams in the Karamea River failed 6 months after the earthquake, flooding the township 

and raising the river by over 4m at the bridge. The 1929 Matakitaki landslide dam lasted for about 

10 years before being washed out in a flood. 

 

There are also numerous examples of landslide dams forming during heavy rainstorms.  These may 

take the form of landslides or of rapidly built fans from debris flow.  The latter occurred in 1957 when 

debris flows built a large fan (similar, but larger, to that in Figure 3.3) on the true right side of the Otira 

Valley, just upstream of Otira Village.  This diverted the Otira River so that it broke through a stopbank 

and flooded part of the village and threatened the railway line. 
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3 DEBRIS FLOWS 

 

Debris flows are moving masses of rock fragments, soil, water and air.  They act somewhat like a very 

dense liquid with a mean specific gravity usually greater than 2, and they move in a channel, with run-

out occurring as a debris fan, often with large rocks at the toe or the sides.  

 

According to McSaveney (1995), “Debris flows usually exhibit a high degree of fluidity during 

movement analogous to the pouring of wet concrete. Their rheology differs from that of water – they 

are markedly more viscous, but also show substantial strength and high density.  Their flow is typically 

laminar, with induced turbulence around obstacles being quickly damped.  Debris flows are capable of 

moving immense volumes of debris, and exceptionally coarse particles with ease. 

 

“A fast-moving debris flow with high density and high strength exerts exceptional forces on structures 

and is highly erosional and destructive.  Debris flows typically exhibit immense destructive power.” 

 

The detailed interaction between fluid and solids in a debris flow is complex and not fully understood.  

Iverson (1997) gives an extended discussion.  However, we can note that the flow often or usually 

occurs in a series of surges, and that anomalously large rocks or boulders (up to several metres in size) 

can be carried on top of the flow because the smaller-size particles supporting them mechanically 

cannot provide a gap of sufficient size to allow them to sink. 

 

In New Zealand, debris flows mostly occur during widespread heavy rain and severe regional flooding 

(McSaveney 1995).  There needs to be a source of loose debris, a steep slope and channel, and 

sufficient water.  If the flow follows an erodible gully, the mass can bulk up with the entrainment of 

more solids.  Figure 3.1 looks east at the top end of Lake Wanaka and shows Sheepskin Creek (left) 

and Waterfall Creek (centre).  The Haast Highway follows the edge of the lake and crosses both creeks.  

The creeks have steep basins with active erosion providing source material for debris flows.  Sheepskin 

Creek has an obvious terminal fan at the bottom, but the fan of Waterfall Creek cannot be seen because 

it is below the surface of the lake, together with the remains of three bridges destroyed by debris flows. 

The last was destroyed in the destructive 1994 storm discussed in Supplement 3: Storm Scenario. 
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Figure 3.1:  Aerial view of the basin of Waterfall Creek (Photo: Lloyd Homer, from McSaveney 

1995) 

 

 

Debris flows can sometimes occur in unexpected places.  Figures 3.2 to 3.5 show aspects of a debris 

flow which occurred in the Otira Valley opposite the Deception River in January 2017 which closed 

State Highway 73 for about a week.  
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Figure 3.2:  Steep Slope in the Otira Valley Prior to the Deception Debris Flow (Graeme Kates) 

 

 

 

Figure 3.3:  Deception Debris Flow, covering both road and rail (Graeme Kates) 
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Figure 3.4:  Deception Debris Flow – close up view (Graeme Kates) 

 

 

 

Figure 3.5:  Deception Debris Flow after road clearance. The flow has eroded a steep-sided gully 

(David Elms) 
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