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Abstract 
 

A major earthquake along the Alpine Fault, or on a different major fault 

within the western Southern Alps, will have a profound effect upon the west 

coast of New Zealand’s South Island. Large numbers of coseismic landslides, 

as well as the hazards due to the interactions of these landslides with the 

river systems into which most of them will fall, threaten commerce, 

livelihoods, towns and infrastructure. Landslide sediment input to rivers 

causes landslide dams and sediment waves, which in turn lead to river 

aggradation and avulsions on the mountain-front river fans and lowlands 

(floodplains) of the west coast. This may continue as an active process for 

perhaps decades following an earthquake, with far-reaching and long-term 

effects on west coast society and commerce. This project aims to develop a 

realistic picture of the spatial extent and duration of such deposits on 

Westland river floodplains in an effort to aid in preparation for, and recovery 

from, events of this type. 

A tree-coring campaign in the Wanganui, Whataroa, Omoeroa, 

Karangarua, and Waiatoto river catchments yielded data from 14 new even-

aged cohorts from 535 cored trees. Combined with previous published and 

unpublished datasets, a total of 132 tree cohorts from multiple catchments 

allowed the extent, timing, and duration of aggradation events in Westland 

to be estimated. 

The outcomes of this research showed that in the decades following 

the c.1460 AD earthquake, substantial aggradation extended nearly to the 

coast in some catchments (Waiho, Karangarua, and Ohinemaka) while others 

had survivor trees of that time period amongst cohorts dating to a younger 

event. There is also some evidence to support the suggestion that this event 

was perhaps two events separated by 50-75 years. The large extent of this 

aggradation may suggest that this event was either an exceptionally large 
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earthquake on the Alpine fault, or a less exceptional earthquake on a fault 

within the western Southern Alps. 

Following the c.1620 AD earthquake, aggradation was extensive in the 

Wanganui and Whataroa catchments, but was less apparent farther south, 

and not found at all on the Karangarua floodplain. It is hypothesized that this 

event may have been a rupture of a fault within the Southern Alps rather 

than on the Alpine fault, as previously assumed, which may explain the 

question of why some catchments are more affected than others. 

The aggradation episode following the 1717 AD Alpine fault 

earthquake, although affecting catchments across Westland, did not reach 

the lower floodplains of any of the catchments studied. It may be that not 

enough time had elapsed between this event and the one previous for 

substantial source material to have been generated, or perhaps the energy 

from this range-front event did not affect the Southern Alps as much as 

previous events within the orogen. A fourth aggradation event can be seen in 

the data from the southern catchments to as far north as the Karangarua 

River, perhaps even the Omoeroa or Waiho, and is believed to have resulted 

from an 1826 AD Fiordland earthquake. 

These aggradation episodes correlate well with the known occurrence 

of major earthquakes in Westland, and although spatial and temporal 

distribution of aggradation suggests that they are not all due to a rupture on 

the Alpine fault, they all imply a significant threat to the population centers, 

industry and livelihoods in Westland as a result of future earthquakes. These 

data allow the potential extent and duration of aggradation following the 

next major earthquake in the area to be anticipated, and this information will 

be useful in planning societal response to, and recovery from, such an event. 
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From the book Canyons of the Colorado 

 
 
 
 
 
 
 
“What falls there are, we know not; 
what rocks beset the channel, we 
know not; what walls rise over the 

river, we know not.” 
 

 - John Wesley Powell

 
 
 

 
From the book Father & Son: A Young Saga  

 
“Well, that must be one of zee most remarkable passes in zee world.” 

 
         - Julius Von Haast (upon sighting what has become Haast Pass)  
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Chapter One 
 

Introduction 
 

Westland is a district on the west coast of the South Island of New 

Zealand (figure 1.1) that has a land area of approximately 11,880 km² and 

stretches some 400 km from the Taramakau River in the north to Big Bay in 

the south. Bordered by the Southern Alps to the east and the Tasman Sea to 

the west, the district (according to the 2013 census) has a resident 

population of 8,307, of whom nearly half live at the northern end, in the 

town of Hokitika. Two hundred and sixty-nine bridges connect 673.4 km 

(57.4 km urban/616 km rural, 302.3 km unsealed/371.1 km sealed) of 

roads in Westland, with the main route, State Highway 6 (SH6), traversing 

most of the length of the district from north to south. The main industries of 

the district include tourism, dairy farming, forestry, hunting, fishing and 

mining. Depending on the time of year, visitors to the Westland district 

number between 2,000-6,000 per day (Westland District Council, 2017). 
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Figure 1.1. Westland District is located on the west side of the South Island 
of New Zealand (Cartography by Tim Nolan). 
 

Westland has a relatively unstable landscape, with steep valleys and 

short, steep rivers as well as high rainfall and erosion rates. It is also a region 

of high tectonic activity, so earthquakes, rapid erosion by landslides and 

rivers, and glacial activity combine to shape the landscape (Whitehouse, 

1988). It has a mean annual rainfall of up to 15 meters or more in the 

ranges, falling to around 2-3 meters at the coast (Chinn, 1979; Griffiths and 

McSaveney, 1983; Henderson and Thompson, 1999), and erosion rates in 

some catchments, averaged by area, of up to 18mm/yr (Griffiths and 

McSaveney, 1986). Major earthquakes along the Alpine fault, or on other 

faults within the western Southern Alps (Briggs et al. 2018), can cause 
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coseismic landslides triggered by shaking, and the hazards that result from 

these pose a threat to towns, infrastructure, and livelihoods within Westland. 

 Earthquake-initiated landslides are a significant erosional process in 

much of the world and, especially where the earthquake moment magnitude 

is seven or greater (Mw 7+), can trigger landslides more than 400 km from 

the epicenter (Bull, 1996). Coseismic landslides can occur over areas ranging 

from locally, in a Mw 4 earthquake event, to around 500,000 km2 in a Mw 

9.2 event, and although earthquakes produce many types and sizes of mass 

movement, some of the largest recorded rockslides, rock avalanches, and 

debris flows have been attributed to seismic shaking (Pearce and O’Loughlin, 

1985). For example, the 2008 Wenchuan earthquake in China triggered an 

estimated 60,000 landslides (Fan et al., 2012a), and subsequent rainfalls 

resulted in very large debris flows (e.g., Tang et al, 2009). 

Robinson et al. (2016) modelled an Mw 8.0 earthquake on the Alpine 

fault and estimated that it could produce ~50,000±20,000 landslides at 

average densities of 2–9 landslides/km2 in the area of most intense 

landsliding, and between 50-90% of these are expected to occur within a 

7000 km2 zone between the fault and the main divide of the Southern Alps. 

These authors estimated the total coseismic landslide volume in the major 

northern and southern river catchments as equivalent to up to a century of 

present-day aseismic denudation measured from suspended sediment yields. 

One hundred years of ordinary mass wasting occurring at one time, with 

potentially more landslides due to aftershocks, will clearly have a significant 

impact on the landscape. These landslides may block river channels 

temporarily or, in some cases, for a relatively long time. A study of 828 

landslide dams triggered by the 2008 Wenchuan earthquake in China found 

that about 25% of dams failed within one week following the earthquake. 

The proportion increased to roughly 60% within one month, and to greater 

than 90% within one year (Fan et al., 2012a). This indicates that the 



 4 

majority of landslide dams fail, and do so relatively quickly, releasing 

sediment downstream to create further hazards. 

A large input of sediment to a river system as a result of a major 

seismic event forms what is known as a sediment pulse or wave, and rivers 

adjust to accommodate this influx in a number of ways. Aggradation occurs 

when a river deposits sediment in order to increase the slope of the bed so 

that the water flow is able to transport the increased sediment load. As a 

result of this aggradation and bed elevation increase, channel avulsion (a 

rapid lateral relocation of the river course) can occur. A recent example of 

river response following a large sediment input happened after the 107 m3 

Mt. Adams landslide of October 6, 1999 which blocked the Poerua river 

(Hancox et al., 2005) for about a week before failing. By 16 months after 

the dam failure, significant aggradation had caused a major channel avulsion, 

reactivating a segment of channel east of the original river course that had 

been previously abandoned. Three years later, the avulsion channel had 

directed most of the discharge away from the former course and had 

widened its active bed by over 200% (Korup, 2004c), resulting in 

abandonment of hitherto productive farmland. 

In the case of a large earthquake causing many such landslides, great 

volumes of sediment will be input into many river systems across Westland 

at virtually the same time. Aggradation and avulsion could potentially affect 

a large proportion of lowland areas in Westland and may continue as an 

active process for some decades after an earthquake. This could have far-

reaching, and long-term deleterious impacts on infrastructure, industries, and 

population. Heavily reliant on transport for its survival, Westland brings in 

most of its food and essential supplies (including fuel) by road nearly every 

day on a “just-in-time” basis. Bulk exports and tourism are also dependent on 

transportation by road, and while transport disruption of a few days has little 

effect on bulk exports, it can have a significant effect on daily supplies and 
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tourism. Supermarkets, for example, usually only have a supply of high 

turnover goods for a few days and rely on refrigeration for food preservation. 

The Alpine Fault Earthquake Scenario in the Westland District Council 

Lifelines Study (2006) notes that if road access was closed for more than a 

few days aerial re-supply would be necessary (McCahon, Dewhirst and Elms, 

2006). 

The recent AF8 (Alpine Fault Magnitude 8) project, a collaboration with 

all South Island Civil Defence Emergency Management (CDEM) groups and the 

Alpine fault research community, assessed the impact of a major Alpine fault 

earthquake on infrastructure and lifelines in the South Island (Zorn et al., 

2018). Franz Josef and Fox Glacier townships are particularly vulnerable to 

earthquake damage as a number of important lifelines converge in the area. 

In the AF8 scenario SH6 would sustain major damage; not only would the 

road likely not reopen for many months, it would possibly not reopen as far 

south as Fox Glacier for some years due to cost, budget priorities, and the 

expected ongoing aggradation and debris flows. Although the road network 

would be the predominant vulnerability, other critical infrastructure (rail 

networks, utilities, telecommunications) would be cut off along with the 

roads. Franz Josef township would likely lose water supply and sewerage as 

well as most accommodation from building damage, and the Waiho River 

would likely behave unpredictably, with a high risk of aggradation and 

avulsion causing flooding of the township. Tourism would consequently 

decrease substantially, and the township could effectively be abandoned 

(McCahon, Elms, and Dewhirst, 2017). 

In an effort to aid in preparation and management of such hazards, this 

project aims to develop a general picture of the event history and spatial 

extent of aggradation episodes in Westland river catchments by mapping the 

forest disturbances they have caused. The occurrence and distribution of 

past disturbance episodes can be indicated by a pulse in tree regeneration, 
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producing an even-aged disturbance-initiated cohort that correlates with a 

distinct peak in the age-class distribution of trees in a particular forest stand. 

The age of the oldest tree in a cohort can be used to estimate the minimum 

age of the event, and when this information is combined with data from the 

wider area, it can help to build a regional picture of the disturbance history 

(Duncan and Stewart, 1991; Wells et al., 1998; Cullen et al., 2003).  

Previous dendroecological studies of Westland forests have essentially 

shown that extensive, region-wide post-earthquake cohorts of trees of a 

similar age are a feature of the Westland area. The infrequent but massive 

earthquakes that these infer are the most influential large-scale disturbance 

agent in Westland, triggering major episodes of shaking, erosion, and 

sedimentation that can be both synchronous and devastating at a truly 

regional scale (Wells et al., 2001). The objective of this project, therefore, is 

to core trees on river floodplains and terraces of Westland in order to 

estimate minimum age dates for these surfaces, which can then be used to 

develop a general picture of the event history and spatial extent of 

aggradation in Westland river catchments. While earlier work has generated 

information for specific areas of Westland (e.g., Duncan, 1993; Wells et al., 

1998, 2001; Cullen et al., 2003), which the present study complements, this 

is the first attempt to generate a broader picture to help inform hazard 

impact assessments. 

Designed to generate data additional to the existing datasets, 535 

trees were cored in five Westland river systems, and their rings counted to 

estimate the minimum surface age, which resulted in 14 additional cohorts of 

even-aged stands of trees. These were added to existing age determinations 

of Westland river surfaces to produce individual catchment aggradation 

maps, as well as a regional aggradation map. From these, the timing and 

extent of past episodes of aggradation were inferred. Whereas past episodes 

occurred prior to Western colonization on land almost completely forested, 
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future aggradation episodes will take place on land with very little forest. 

Bearing this in mind, it is possible to anticipate the likely impacts (type, 

extent and duration) of future events to Westland society. This information 

will be of value in regional planning of the emergency response to, and 

recovery from, future major earthquakes in Westland. 

The subsequent chapters give a regional overview, describe preceding 

studies, and outline the steps taken to estimate age dates for Westland 

surfaces. Chapter Two discusses the geology and geomorphology of 

Westland, along with earthquakes and their associated hazards. Key 

concepts include processes such as coseismic landsliding, landslide dams, 

avulsion, and aggradation. Westland forest ecology and important tree 

species used both for this study and for previous ones are examined in 

Chapter Three, and a brief discussion of New Zealand tree research, previous 

dendroecological studies within Westland, and the tree ring methods and 

techniques (data sampling, analysis, and error calculation) used to obtain age 

estimates are considered in Chapter Four. Chapter Five sets out the sites 

studied for this project and presents the gathered data and estimated 

results for the project, with observations and speculation regarding each 

study site and each catchment discussed both verbally and visually. 

Discussion of the results in context with the earthquake event history of 

Westland is given in Chapter Six, and a summary of key findings and 

conclusions, along with prospects for future research, is provided in Chapter 

Seven.  

This project has produced West Coast catchment and regional maps 

showing the inferred extent and timing of past widespread floodplain 

aggradation episodes due to seismically-induced landsliding. Regional, district 

and city planners working to understand and prepare for future earthquake 

and sedimentation events can use these data to inform planning and scenario 

development for preparedness and response.  
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Chapter Two 
 

Westland Geology, Topography, and Hazards 
 

This chapter gives information about past and present geologic and 

climatic processes on the west coast of the South Island of New Zealand as a 

background to a discussion of the hazards in the area following a major 

earthquake. The tectonics, glacial history, and meteorology of Westland drive 

the topography of the district, which in turn informs the impact on the 

landscape that a major tectonic event might have. The seismically-triggered 

hazards cascade, involving coseismic landslides, landslide dams, avulsion and 

aggradation, is outlined and their downstream impacts on landscape and 

society are considered. This information provides context for the discussion 

and conclusions in the later chapters of this thesis. 

 

2.1 South Island Topography 
 

 Complex interactions among a number of geological processes have 

had a profound effect upon the overall form of the current South Island 

landscape. Tectonic uplift creates relief, and erosion and mass wasting 

reduce relief by moving uplifted material downhill. Glacial or fluvial transport 

systems then move eroded material farther towards the coast (Barth et al., 

2013). By far the standout topographic feature of New Zealand’s South 

Island is the range of mountains that runs for 500 km from the inland 

Kaikoura Range in the northeast, to the mountains of Fiordland in the 

southwest (Fitzsimons and Veit, 2001). These mountains, the Southern Alps 

(figure 1.1), arose as a result of the Kaikoura Orogeny, which began in the 

early Miocene Epoch, about 22 million years ago, and continued through the 
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late Miocene (about five million years ago). It is thought that the orogeny 

reached a steady state in the early Quaternary Period three to four million 

years later (Herman and Braun, 2006). 

 The Pacific tectonic plate is moving south-westward and colliding 

obliquely with the eastward-moving Australian plate along the plate 

boundary. The onshore part of the plate boundary forms the Alpine fault. 

The leading edge of the Pacific plate converges with the Australian plate 

(figure 2.1.1) and is forced upward as the landmasses compress and fold. 

This uplift has created, and is maintaining, the Southern Alps, a range that 

presents quite dissimilar landscape features to its west and east (Fitzsimons 

and Veit, 2001). 

 

 
 
Figure 2.1.1. Obliquely colliding Australian and Pacific crustal plates 
(Cartography by Tim Nolan). 
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 The asymmetry of the geomorphology appears to be a consequence 

of the dominant geological processes on either side of the main divide, along 

with the prevailing westerly wind, which focuses precipitation and denudation 

on the western side of the Alps. Depicted by Koons (1994) as a two-sided 

orogen, the landscape on the east side of the divide is mainly controlled by 

the tectonic structure, moving along reverse and westward-dipping faults. 

Although the east side is relatively dry, with a mean annual precipitation rate 

of ~1 m/yr, there are large drainage catchments that run sub-parallel to the 

main divide. In contrast, the western side of the divide, with up to 15 m/yr 

of precipitation, has hillsides that are deeply dissected with rectilinear slopes, 

often at greater than 45° angles. It has smaller, dendritic catchments, mostly 

sub-perpendicular to the divide, that are predominantly controlled by high 

rates of tectonic uplift and precipitation-induced erosion (figure 2.1.2). The 

topography is in episodic flux, evolving during and between glacial periods as 

a mixed glacial and fluvial landscape (Herman and Braun, 2006). 
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Figure 2.1.2. Drainage basin geometry in the central Southern Alps. On the 
south eastern side, the basins are parallel to the main divide, whereas on the 
north western side they are perpendicular to it (Cartography by Tim Nolan, 
modified from Herman and Braun, 2006, figure 3). 
 

Whitehouse (1988) considered the axial Southern Alps, dominated by 

high, formerly glaciated mountains, as a third geomorphological area that 

separates the eastern and western sides of the divide. The high-altitude 

central section of the Southern Alps, ~300 km long by ~120 km wide, has 

summit heights of over 3000 m (Fitzsimons and Veit, 2001), including New 

Zealand’s highest point, the summit of Aoraki/Mt. Cook (3,724 m) 

(University of Otago, 2017). Not coincidentally, this area also has the 

highest measured rate of convergence and uplift anywhere along the Alpine 

fault (Cox et al., 2012). The uplift rate, 8-12 mm/yr, is geologically very 

high. As an illustration, just one million years ago, the rock forming the peak 
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of Aoraki/Mt. Cook would have been well below sea level (McSaveney and 

Nathan, 2016). 

The increasing range elevation resulting from rapid uplift would, 

without interference from other processes, have eventually been stopped by 

gravity (Adams, 1980). However, the relatively moderate (3000 m) height 

of the orogen, which reflects only a small part of the total estimated 

orogenic uplift of 15-20 km, implies the existence of an equally extreme rate 

of erosion (Fitzsimons and Veit, 2001; McSaveney and Nathan, 2016; Basher 

et al., 1988). According to Cox et al. (2012), erosion rates estimated using 

landslide analysis and calculations of annual sediment yields show denudation 

rates of up to 9 mm/yr, which are among the highest on Earth. In fact, the 

Southern Alps are often held up as an example of near steady-state balance 

between rock uplift and exhumation (Cox et al., 2012). It is the competing 

processes of uplift and erosion that drive the evolution of this alpine 

landscape (Davies and Korup, 2010). 

 
2.2 Tectonics of the Southern Alps 
 

As mentioned previously, New Zealand is located upon the junction of 

two of the Earth’s moving crustal plates, the Australian and the Pacific, 

which are colliding obliquely. Off the east coast of the North Island the 

seafloor of the Pacific plate subducts beneath the continental shelf of the 

Australian plate. Farther south, at the collision zone along the South Island’s 

Alpine fault, the plates converge more directly, causing compaction and 

uplift. The Southern Alps are a result of the way in which the plates deform 

as they collide. The plate boundary continues in the southwest direction, 

heading out to sea around the Milford Sound area where the Australian plate 

subducts beneath that of the Pacific plate. Moving northeast at 2-3 

m/century relative to the Pacific plate, the Australian plate motion has 
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extended, and will continue to extend, the country lengthwise (McSaveney 

and Nathan, 2016). 

In the 1940s, geologists Harold Wellman and Dick Willett recognized 

that the series of individual faults seen throughout the Southern Alps were 

actually one long fault, subsequently named the Alpine fault (McSaveney and 

Nathan, 2016). Wellman further saw that the rock stratigraphy of the Nelson 

area on the west side of the fault closely resembled the stratigraphy 500 km 

to the southeast, in the Otago region, on the east side of the fault. He 

postulated that the rock strata had been displaced by this amount due to 

the movement of the Alpine fault (Galbreath, 1999). In figure 2.2.1, the rock 

stratigraphy of the South Island is shown with shades of color depicting 

different ages and types of rock. What Wellman recognized can be seen in 

how the blue, pink and green rocks visible in the southwestern Otago region 

at the bottom left of the image are also present in the northeastern Nelson 

area. He proposed that this migration is the result of motion along the Alpine 

fault. 
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Figure 2.2.1. Stratigraphy map of New Zealand, portraying movement of 
rocks along the Alpine fault in the South Island (modified from GNS Science, 
2019). 
 

The structural setting of the Southern Alps is a consequence of the 

continental collision that created them. The deformation resulting from the 

oblique collision of the Australian and Pacific plates at this location produced 

a fairly simple lithological and structural pattern largely as a result of the 

linear nature of the collision zone. Known as the Alpine fault zone, it runs 

along the western edge of the Southern Alps and is dominated by a single, 

right lateral oblique slip fault (figure 2.1.1). Contributing to the relative 

simplicity of the fault zone, the overwhelming majority of the deformed 

rocks originated from the same source area, what was once the underwater 

basin between the two continents, or the New Zealand Geosyncline 

(Fitzsimons and Veit, 2001). 
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At nearly 850 km long, with average horizontal slip rates of 14 mm/yr 

in the north to 31 mm/yr in the south, the Alpine fault is “one of the 

longest, straightest, and fastest-moving plate boundary transform faults on 

Earth” according to Berryman et al. (2012, p. 1690). Due to the collision of 

the two plates, an estimated 80 km of crustal shortening has occurred 

across the South Island during the last 15 million years, with most occurring 

in the last few million years alone. In 1980, Adams believed that the crustal 

shortening rate along the Alpine fault was 22±2 mm/yr. A profile map of 

that uplift rate, put together by Wellman (1979), indicates that 

600±100x109  kg of crustal rock is elevated above sea level every year 

(figure 2.2.2). His idea was that the crustal lithosphere is detached from the 

mantle lithosphere so that the crustal shortening is transformed into uplift of 

the Pacific plate along a curved fault plane, with the edge of the Pacific plate 

manifesting as the Southern Alps (Adams, 1980). 

 

 
 
Figure 2.2.2. Profile showing the maximum uplift rate, including drag, along 
the Southern Alps (from Adams 1980, figure 5 (based on Wellman, 1979)). 
 

The oblique nature of the plate boundary collision causes movement in 

two directions. Besides the compression and upward forcing of the land, it 

also has an element of sideways slip (Thornton, 2003). The horizontal 

movement, or strike-slip component, is large (~33-40 mm/yr) compared to 

the vertical, or normal movement, which more recent research has estimated 
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to be about half (~8-10 mm/yr) that of the Adams (1980) uplift rate 

estimate. The Alpine fault accommodates between 55-80% of the plate 

motion, while the rest of the convergence strain is thought to be distributed 

on structures elsewhere in the Southern Alps, although measurements of 

cumulative slip rates on other known active faults are insufficient to account 

for the estimated total remaining strain (Norris and Cooper, 2001; Herman 

and Braun, 2006; Cox et al., 2012; Howarth et al., 2012). 

In the central South Island, active faults other than the Alpine fault 

have been identified only in a fairly narrow region less than 100 km wide, 

between areas now covered with glacial outwash deposits and those 

previously covered by ice. One hundred and six potentially active faults have 

been mapped in the central Southern Alps with strike lengths from 4-73 km 

(Cox et al. 2012). The Main Divide Fault Zone, containing major back-thrust 

faults, runs parallel to the Alpine fault where the western side is thrust up 

and over the eastern side. The central section of the Alpine fault is 

segmented by numerous oblique east-west faults moving laterally and thrust 

faults that move vertically. Farther east, many more faults are scattered 

throughout the Southern Alps (Coates and Cox, 2002; Korup et al., 2006; 

Cox et al., 2012). Estimates of earthquake parameters for many of these 

other faults were determined using fault trace lengths and historic 

earthquake statistics. There is a potential for Mw 5.5-7.4 earthquakes, with 

recurrence intervals of from 1,000-10,000 years. The long recurrence 

intervals, coupled with little surface expression and an actively eroding 

environment, mean that evidence of these surface ruptures is effectively 

erased during the time periods between earthquakes (Cox et al. 2012). 

Studies of the past 24 surface-rupturing events on the southern 

onshore section of the Alpine fault from 6000 years BCE (before the 

common era) to the present suggest an apparently periodic earthquake 

recurrence, which complies with the theory that faults rupture in response to 
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a steady build-up of strain. Berryman et al. (2012) estimated that the 

recurrence period for this section of the Alpine fault is 329±68 years. 

However, Cochran et al. (2017), using a ~2000 year-long, seven-event 

earthquake record from a wetland adjacent to the Alpine fault, have more 

recently calculated a mean recurrence interval of 291±23 years. Considering 

that various researchers place the most recent fault rupture at 1717 AD, it 

is reasonable to infer that the Alpine fault could produce a significant 

earthquake at any time (Wells et al., 1999; Yetton, 2000; Berryman et al., 

2012). 

The Alpine fault has the ability to cause large to great earthquakes, 

rupturing every few hundred years and over hundreds of kilometers, with 

potential magnitudes of Mw 7-8 or even higher. Even with a relatively short 

(~300 year) recurrence interval, however, the Alpine fault has not had a 

major surface rupturing earthquake event in recorded history. This is unusual 

for such a major strike-slip boundary fault and is largely due to the fact that 

European colonization in New Zealand started relatively recently (~1840 AD), 

so eyewitness evidence is not available. The earthquake record for the Alpine 

fault, therefore, has predominantly been put together using paleoearthquake 

research (Yetton, 1998; Langridge et al., 2012; De Pascale et al., 2014). 

It is usually assumed that large earthquakes occur on large faults and, 

because most of the large faults are known, that the locations of future 

large earthquakes are known as well. The Mw 7.8 Kaikoura earthquake that 

struck in November of 2016, however, proved this assumption to be false. 

This earthquake ruptured a sequence of about 20 relatively minor faults, 

some known and some unknown, in the northeast of the South Island 

(Hamling et al., 2017). Because there are many unknown faults in the 

mountains of Westland, it follows that a major earthquake could occur 

almost anywhere. 
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Although large earthquakes occur infrequently, they are the driving 

force behind the creation of mountain landscape topography. Uplift due to 

tectonic activity creates relief and seismically-triggered landslides reduce it. 

Also, during succeeding storm events, earthquake-affected hill slopes have a 

heightened predisposition to fail and previously deposited landslide 

sediments are more easily moved downstream (Hovius et al., 2011; Howarth 

et al., 2012). For example, off the northeast coast of Honshu, Japan on 

March 11, 2011, the Mw 9.0 Tohoku-Oki earthquake occurred on the Japan 

Trench boundary. The earthquake, and an inland aftershock of Mw 7.0 that 

occurred a month later, caused a variety of landslides in many parts of 

northern Honshu. Wartman et al. (2012, 2013) identified close to 3,500 

large slope failures up to 200 km from the epicenter, and over an area of 

~28,380 km2. Heavy rainfall, associated with multiple typhoons six months 

later, was responsible for further landsliding on reactivated seismically-

disturbed slopes (Usui et al., 2013; Goff and Sugawara, 2014).  

Briggs (2017) investigated a hypothetical 100 km long fault between 

the Alpine fault and the main divide and demonstrated that it could generate 

more landsliding than a Mw 8 event on the Alpine fault. The idea that a major 

earthquake can occur on an unknown fault or faults, and can create 

landslides on such a large scale, indicates that the risk of earthquakes and 

the hazards that accompany them, are in all likelihood currently 

underestimated, and because the time interval since the most recent rupture 

of the Alpine fault is the longest known inter-rupture period in the last 1000 

years, it is sensible to expect a high magnitude earthquake (Mw 7.9-8.2) 

sometime in the near future (Chevalier et al., 2009). 
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2.3 Glacial History 
 

Along with tectonic activity and its consequences, glaciation is one of 

the geological processes that have most influenced the geomorphology of 

the Southern Alps. Between 1.8 million and 20,000 years ago during the 

Pleistocene Epoch (around the time the Kaikoura Orogeny was thought to 

have reached a steady state), a series of glaciations occurred, during each of 

which a large complex glacier system stretched along the Southern Alps, with 

source areas confined to a narrow zone only 30 km wide (Fitzsimmons, 

1997; New Zealand Geological Survey, 1973; Shulmeister, 2017). The 

Pleistocene glacier networks were fairly extensive, with valley glaciers flowing 

away from high-altitude ice caps and névés down confined, steep-walled 

valleys, and piedmont glaciers spreading out onto the comparatively flat 

plains. In the most recent of these glaciations, the Last Glacial Maximum 

(LGM), ice cover (figure 2.3.1) extended through the foothills to the 

outwash plains in the east, and major glaciers extended out beyond the 

present coastline of the Tasman Sea to the west (Gellatly et al., 1988). 
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Figure 2.3.1. Map of the South Island showing the extent of the Last Glacial 
Maximum (LGM) ice cover, contemporary lakes, and ice extent (modified 
from Sutherland, 2019, figure 3).  
 

During the many individual Pleistocene glaciations, the major valleys 

were continually re-occupied by ice, but the plains to the west of the Alpine 

fault were more variably covered due to the northward tectonic movement 

of the foreland relative to the mountains (a total of about 50 km during the 

Pleistocene; Barth et al., 2014). Glacial and interglacial climates shaped the 

river valleys by, respectively, downcutting and infilling. In Fiordland, glaciers 

have gouged out deep, wide-bottomed, and steep-sided valleys along with 

smaller, basin-like hollows where the main glacier and the side valley tributary 

glaciers came together. These features are no longer visible in the many river 
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systems of the western Southern Alps, as denudation and river transport 

have infilled them completely, removing almost all evidence of glaciation 

(Davies, 2016). 

As more of the world’s water is stored in ice caps and glaciers during a 

glacial period, sea level is lowered. Relative to the present, sea-level was 

depressed by around 130 m during the Last Glacial Maximum (LGM). All 

rivers draining to the ocean, therefore, suffered base-level lowering at that 

time. According to Bull (1990), this would be expected to cause a wave of 

incision to migrate upstream, however during this time many fluvial systems 

aggraded substantially. This was generally thought to indicate extreme 

erosion and sediment delivery as vegetation is reduced in the colder climate, 

but during low sea levels the coastline not only falls in elevation, it also 

moves farther from the river’s headwaters. It is the gradient of the extended 

course of the river that determines the net effect on the river, so the 

onshore part of the river will aggrade if the offshore slope is less than the 

interglacial onshore fluvial slope (Schumm, 1993). This occurs so that the 

river is able to transport the sediment load from the mountains to the now 

more distant coast, and it happens even without an increase in sediment 

delivery from the ranges. If the offshore slope is greater than the onshore 

slope, on the other hand, the river will incise into the landscape (Davies, 

2016). 

The newly emerged terrestrial surface adds windswept sea-floor silts 

to the glacial dust, forming loess, and the rivers begin to cut into these 

lowland sediments, or to deposit sediment in their valley reaches and plains, 

as they work their way down to a lower base level on a coast situated at a 

much greater distance from the headwaters (Thornton, 2003; Schumm, 

1993). Rock debris carried by glaciers is deposited along their extremities as 

lateral and terminal moraines. Those of past glaciers extend far down the 

valleys of the South Island, forming sinuous ridges that depict the extent of 
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the ice (Thornton, 2003). Some of the terminal moraines were deposited 

beyond the current shoreline, and are now submerged (Korup et al., 2005). 

In warmer times between glacial periods the ice retreated, and sea 

levels rose. Ice covered mountains and deeply filled valleys acted as a strong 

solid material during glaciation, dampening the effect of earthquakes and 

reducing coseismic landsliding, However, as the ice released its hold it 

allowed subsequent earthquakes to not only bring down landslides that would 

have fallen during glaciation, but the normal coseismic ones as well (McColl 

et al., 2012). Large amounts of debris were added to sediment loads already 

being carried by rivers at the time. To the east, in Canterbury, extensive 

plains of outwash gravels were created and, although relatively narrow due 

to the continental shelf edge being close, the lowland outwash strip to the 

west of the Alps built up impressive moraines. Outwash deposits made up of 

mixed sizes of boulders, gravels, pebbles, and fine silt built up between the 

moraines in response to the rising base sea level. Loading and unloading of 

the crust, as huge masses of ice formed and melted and sediments were 

evacuated and accumulated again, may also have intensified seismic activity 

at the growth and decline of glacial episodes (Mörner, 1991). 

In 2006, Rother and Shulmeister observed that the elevation at which 

the accumulation of snow is equal to the ablation, or the Equilibrium Line 

Altitude (ELA), is at least 1000 m lower in the Southern Alps than in the 

European alps (figure 2.3.2). In New Zealand, concentrated in a 15–30 km 

wide sector along and west of the alpine divide, heavy orographic 

precipitation totals are 3–4 times higher annually than in the European Alps, 

and the sharply varying precipitation distribution causes very steep ELA 

gradients and a strong ELA depression. In the European Alps, on the other 

hand, the rise in ELA from NNW-SSE is predominantly due to the meridional 

increase in temperature. 
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Figure 2.3.2. Plotted at equal vertical scales (but not horizontal scales), this 
graph compares precipitation and ELA levels across the Southern Alps and 
the European Alps (from Rother and Shulmeister, 2006, figure 1). 
 

During Late Quaternary glaciations, significant precipitation along 

steep ELA gradients was responsible for a specific style of glacial 

accumulation in New Zealand. In the Southern Alps, because the ELA rose 

sharply east of the divide and also due to rain shadow effects, only the 

highest peaks penetrated the annual snowline and alpine areas only a short 

distance east of the divide received significantly less snowfall. The resulting 

glacial pattern was large-scale ice accumulation concentrated in the narrow, 

high precipitation section of the central alps, particularly just west of the 

divide, with all other areas contributing amounts that were orders of 

magnitude smaller (Rother and Shulmeister, 2006). 

According to Fitzsimons and Veit (2001), the current regional 

snowline lies between about 1500 m in the southwest, and around 1900 m 

in the central Southern Alps, with over 3000 glaciers. Presently, there are 

major ice fields located in the Mt. Aspiring massif at the head of the 

Waiatoto River (including the Bonar and Upper and Lower Volta glaciers) as 

well as in the upper Waiho and Fox river basins. There, a number of glaciers 

(including the Agassiz and Albert) are found north of Aoraki/Mt. Cook on the 
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western side of the divide, with the large Tasman and Murchison glaciers on 

the eastern side. Farther north are the Garden of Eden and Garden of Allah 

ice fields. Eleven percent of the Southern Alps have glacier cover at present, 

which varies significantly throughout the region, from zero cover in some 

areas to up to 47% cover in the Fox catchment (Korup et al., 2005). 

The longest record of Southern Alps glaciations was acquired from a 

seafloor sediment core drilled about 300 km off the east coast of the South 

Island. An apparently uninterrupted record was obtained from the upper 100 

meters of the core, showing 12 major periods of mountainous glaciation over 

the previous 730,000 years (Fitzsimons and Veit, 2001). However, high 

erosion rates and precipitous slopes prevented the survival of glacial 

evidence in the subaerial record earlier than the end of the last major ice 

age, nearly 15,000 years ago. Throughout the Holocene Epoch, beginning 

about 10,000 years ago, the glaciers have continued to advance and retreat, 

but at no time reached more than a third of the extent reached during the 

main Pleistocene Epoch. Also, the magnitude of each advance fluctuated 

greatly from valley to valley (Gellatly et al., 1988). 

By dating glacial moraines, Suggate (1990) has shown that the 

culmination of the last glaciation, the Otiran, occurred between 28,000 and 

18,000 years ago. Of the two main ice advances thought to have taken 

place during the late Otiran Glaciation, the first is believed to have been 

underway by 22,000 years ago in Westland, and radiocarbon dates from 

outwash sediment deposits have revealed that aggradation was still taking 

place nearly 4,000 years later. The second ice advance occurred between 

16,000 and 14,000 years ago, with moraine deposits within three kilometers 

of the first Otiran ice advance. Further evidence suggests a continuous and 

far reaching glacial retreat starting 14,000 years ago (Fitzsimons, 1997). 

Herman and Braun (2006, p.11) stated that, “the geometry of the mountain 

range, the high precipitation rates and climate history, which strongly control 
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the regional mass balance of the ice cap, suggest a very rapid and massive 

retreat beginning about 14 kyr ago which quickly led (by 12 kyr ago) to an 

ice volume close to one observed today.” More recently, however, various 

researchers working to compile a climate stratigraphy for New Zealand over 

the past 30,000 years have disputed this idea, instead suggesting that “New 

Zealand had a regional glacial maximum some 4–8 kyr before the globally 

recognized Last Glacial Maximum (Shulmeister, 2017, p.191). 

 Following the Otiran glacial period, the Aranuian interglacial period 

(14,000-12,000 years ago) was distinctive for its paucity of glacier 

advances. Instead, glaciers made a rapid and continuous retreat from the 

forward positions held from 16,000-14,000 years ago. Simultaneously, or 

directly following, this retreat there was a marine transgression. It is plausible 

that moraines created by early Aranuian glacier advances were deposited in, 

or quickly inundated by a shallow marine environment that was rapidly 

infilling with sediments. The Waiho Loop moraine (figure 2.3.3), on the south 

Westland coastal plain near Franz Josef, was once thought to record the 

most dramatic advance during this time, with perhaps the majority of the 

deposit buried by surface sediment (Fitzsimons, 1997). However, more 

recent studies have shown that the Loop is the result of a rock-avalanche 

driven thickening of the glacier (Tovar et al., 2008; Reznichenko et al., 

2010) and does not appear to reflect a climate driven glacier advance, but in 

fact represents no advance whatsoever. It is thought to be preserved due to 

fan-building activity of the nearby Tatare River (Alexander et al., 2014). 

Rapid contraction of glaciers continued throughout New Zealand between 

about 12,000 and 9,000 years ago, and it is believed that the climate was 

noticeably drier, with annual temperatures 2-3° C lower than today (Gellatly 

et al., 1988). 
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Figure 2.3.3. The Waiho Loop moraine just northwest of Franz Josef 
township (photo McSaveney, 2018 modified by Tim Nolan). 
 

In more recent times, changes in glacier expanse have been 

extrapolated from archival records such as photos, paintings, maps, and 

written chronicles. The earliest accounts portray a retreat beginning in the 

1860s AD followed by a short re-advance during the period of 1888-1905 

AD, when climate records again show low air temperatures. Since the mid-

1940s AD, however, temperatures have increased by 0.5° C, and glaciers 

have retreated by up to three kilometers. Air temperatures on average have 

increased over New Zealand since 1950 AD, and glaciers have shown not 

only rapid terminal retreat, but palpable down wasting and thinning as well. 

The Fox and Franz Josef glaciers have not followed this trend though, with 

small, but occasionally impressive, re-advances in the late 1940s AD, mid-

1960s AD, and late-1980s-90s AD (Gellatly et al., 1988). 
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A great deal of the lowland landscape, less than 500 m above sea 

level, on the South Island’s southwest and central West Coast is made up of 

glacial moraines and terraces, as well as alluvial valleys and floodplains 

produced by post-glacial deposition and dissection (Miller, 2002) as in figure 

2.3.4. The two processes of glaciation and fluvial erosion, repeating cyclically 

and in the context of rapid uplift, tectonic offset, and seismicity, are what 

Adams (1980) considered to be the main drivers defining the characteristic 

features of the landscape. He believed that glacial erosion, although not 

removing a great amount of material from hillsides, widened and deepened 

the valleys, whilst fluvial erosion, on the other hand, focuses more on the 

valley floors. The two processes are both driven by the South Island’s overall 

climate and precipitation regime. 

 

 
 
Figure 2.3.4. Central Westland DEM map showing LGM moraines standing 
above the floodplains west of the Alpine fault (Cartography by Tim Nolan). 
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2.4 Climate and Weather 
 

The South Island of New Zealand is located in the southern mid-

latitudes and is surrounded by ocean. It is situated between the atmospheric 

depressions of the Southern Ocean and the subtropical anti-cyclones, so that 

it experiences powerful westerly winds (Sturman and Wanner, 2001). With 

2,000 uninterrupted kilometers of warm ocean upwind (west) of the South 

Island, the moisture content of the arriving air mass is often close to 

saturation when it reaches the coast (Ibbett et al., 2001). These winds 

strongly interact with the relatively linear northeast to southwest orographic 

barrier of the Southern Alps, creating a distinct suite of weather patterns 

and atmospheric conditions (Sturman and Wanner, 2001; Korup et al. 2004). 

Rising steeply to an average height of 2,000-2,500 meters and topping out 

at 3,724 meters at Aoraki/Mt. Cook, the Southern Alps are a significant 

barrier to the moisture-bearing prevailing winds coming off the Tasman Sea. 

The height and abruptness of the mountains affect air flow and the 

production of rain (Henderson, 1993; Henderson and Thompson, 1999). The 

onshore winds come up against the steep terrain suddenly, which results in a 

rapid rise and concomitant cooling of the moist air leading to condensation 

and heavy orographic rainfall (Ibbett et al., 2001). 

Mean annual rainfall increases dramatically from 2-3 m/yr near the 

coast to around 5 m/yr at the range front and up to 15 m/yr within a small 

band less than 20 km wide, as depicted in figure 2.4.1, parallel to and about 

10 km west of the main divide (Chinn, 1979; Henderson, 1993; Hovius et al., 

1997; Ibbett et al., 2001; Chevalier et al., 2009). Some of the most extreme 

rainfall events recorded in the west measured 134 mm/hr,  758 mm/day, 

and a 48 hour New Zealand record of 1086 mm at Cropp River (NIWA 

Weather, 3/26/2019). In contrast, the mountains east of the divide 

experience a rain shadow effect, with less than 1 m/yr of precipitation in 
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places (Cox et al., 2012). Dry periods (15 days or more without rain) are 

uncommon in Westland (Rogers, 1997), and the seasonal rainfall maximum 

typically occurs in the spring (October-November) when the westerly winds 

are more frequent and can reach speeds exceeding 160 km/hr in the high 

country, with gusts as high as 240 km/hr (Sturman and Wanner, 2001). 

 

 
 
Figure 2.4.1. Diagram of rainfall concentrations across the Southern Alps 
(from Chinn, 1979). 
 

Interannual variability in the distribution and amount of rain and 

snowfall on the South Island is caused by changes in the general weather 

patterns connected to larger scale atmospheric circulation. The weather 

system known as the El Niño-Southern Oscillation (ENSO) has a 3-6 year 

cycle and exerts a powerful effect on the Southern Alps. The result of a 
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reversal in the average sea-level pressure inconsistency between the 

Indonesian region and the anticyclone system of the southeast Pacific, the 

Southern Oscillation is linked to both the movement of water across the 

Pacific, and the southeast trade winds (Gordon, 1986; Strurman and Wanner, 

2001). The dominant airflow over New Zealand from the west and southwest 

during El Niño modifies to a primarily northeasterly flow when La Niña 

conditions exist. The altered wind direction interacts with the Southern Alps 

and distributions of temperature and precipitation change. In the south and 

west, there is typically higher rainfall during El Niño than La Niña, while the 

north and east switch from a cool, dry climate during El Niño conditions, to a 

warm and wet climate during La Niña (Sturman and Wanner, 2001). 

Henderson and Thompson (1999) concluded that the usual elapsed 

time between general periodic weather patterns is two weeks, and that 

although storm fronts sometimes stall causing multi-day storms, a mass of 

moist air typically takes only one day to cross the barrier of the Southern 

Alps. A storm front can take less than 12 hours to travel 400 km, and the 

time between inception and cessation of the most intense rain over the 

width of the largest catchments draining the main divide is less than three 

hours. This means that storm precipitation is practically simultaneous across 

the whole Southern Alps (Henderson, 1993; Henderson and Thompson 

1999). Although earthquakes appear to dominate sediment production in the 

central west coast mountains, these cyclical weather conditions (and the 

powerful storms they create) are much more frequent and play a significant 

role in both the erosion and transportation of sediments downstream from 

the range front to an alluvial plain environment. They give rise to a system of 

major rivers that drain the western side of the Southern Alps and carry 

eroded sediments from the mountains to the sea.  
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2.5 River Systems 
 

Many steep, high-energy rivers, often as little as 50 km long from 

source to sea, drain the western side of the Southern Alps. These mostly 

gravel-bed rivers run from high in the Alps, down through sometimes 

boulder-choked V-shaped mountain valleys, and across the Alpine fault at the 

range front. From there they flow out over the floodplains of glacial till and 

outwash gravels, often between moraines of the Last Glacial Maximum 

(LGM), to the sea (Adams 1980; Miller, 2002; Korup et al., 2005). Davies 

and McSaveney (2006, p. 69) stated that, “river morphology and behavior 

are components of overall landscape behavior, which responds to tectonic, 

volcanic, climatic and anthropogenic inputs.” In response to these inputs, 

rivers self-adjust their major characteristics (width, slope, channel pattern), 

so that water flows available from precipitation transport the supplied 

sediment to base level at the average rate at which it is supplied by uplift 

and erosion. 

Fluxes of water and sediment are primarily controlled by landscape 

connectivity, which is typified by vertical, lateral, and longitudinal linkages. 

Over time, and at various positions within catchments, the nature of these 

linkages may differ, as rivers have the potential to adjust in both the vertical 

and lateral dimensions, as well as wholesale (the river as a whole, or river 

type). A vertical channel adjustment is related to the stability of the bed and 

includes the processes of incision and aggradation (Fryirs and Brierly, 2013). 

A change in the river’s base level is one possible catalyst for these 

processes. If the water level falls at the mouth of a stream, the gradient will 

increase, and incision will then ensue in order to reduce the gradient. 

However, if the water level rises at a stream’s mouth, the gradient decreases 

and the channel deposits sediment and aggrades to increase the gradient 

(Davies and McSaveney, 2006). 
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A lateral channel adjustment is connected to the expansion and 

contraction of the channel sideways (i.e., the width of the channel due to 

water level). An alteration of the channel as a whole on the valley floor, 

including the processes of lateral migration, avulsion, floodplain scour, and a 

shift of the thalweg (the deepest part of the channel), are examples of 

wholesale adjustment (figure 2.5.1).  A substantial local sediment input from 

a landslide within the catchment may impede the transfer of sediment and 

water or cause various of the aforementioned adjustments (Fryirs and 

Brierly, 2013). 

 

 
 
Figure 2.5.1. Wholesale adjustment occurs when change happens to the river 
as a whole. For example, from an intact valley fill (left), to one that is 
channelized (right) (from Fryirs and Brierly, 2013, figure 2.8). 
 

Given adequate time, a river system will organize itself into a dynamic 

equilibrium with regard to base level, sediment, and water inputs (Davies and 

McSaveney, 2006). A river can be considered in equilibrium if it is neither 

aggrading nor degrading, at which point it is at the threshold of critical power 

where stream power (the rate of expenditure of potential energy per unit 

length of the stream; equal to flow rate x slope) is just sufficient to move 

the sediment load being supplied, without adjustment of the bed slope or 

height (Burbank and Anderson, 2001), as in figure 2.5.2. Fryirs and Brierly 

(2013) state that the balance between riverbed erosion and deposition 
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primarily reflects the volume of water (discharge) flowing on a given slope 

and the ability of the river to carry sediments of a given size and load. 

 

 
 
Figure 2.5.2. The Lane Balance diagram depicts a river that is in balance, 
accommodating adjustments to the flow and sediment load (from Fryirs and 
Brierly, 2013, figure 5.1). 
 

The energy supply at the channel bed intensifies as stream power 

increases, so there is more energy available to overcome friction, erode the 

bed, and transport sediments (Burbank and Anderson, 2001). Decreases in 

sediment load, sediment caliber, or bed roughness will also lead to erosion. 

On the other hand, as stream power diminishes and/or the sediment supply 

increases, energy at the bed becomes insufficient and the river will deposit 

part of its sediment load, entering an aggradational regime (figure 2.5.3). 

Naturally-formed rivers are believed to be self-adjusting, so that sediment 

can be moved by their water flow at a local maximum rate (Davies and 

McSaveney, 2006). Any change to this system will therefore create a 

reduction in the river’s ability to transport sediments, causing steepening, 

aggradation, and avulsion. A river is always changing its morphology towards 
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achieving equilibrium with constantly-varying water and sediment inputs, 

although over shorter time periods the variability of inputs means that 

equilibrium is only infrequently achieved, if ever (Davies and McSaveney, 

2006). 

 

 
 

Figure 2.5.3. If stream power increases or the sediment load diminishes (left) 
the channel will erode, causing degradation. When stream power decreases, 
or the sediment load increases (right) sediments will be deposited causing 
aggradation of the channel (from Fryirs and Brierly, 2013, figure 5.1). 
 

Sizable aggradation events bury evidence of a river’s previous history, 

but as conditions change to an erosive environment, down-cutting initiates 

and terraces are produced. These abandoned active riverbeds can be used to 

infer the external cause and timing of events such as base level change, 

climate change, or tectonic activity (Merritts et al., 1994). Complex river 

systems have many factors affecting the creation of alluvial terraces, 

although they do not react uniformly, or immediately, to modifications of 

these controlling parameters. Instead, reactions appear to translate up and 

down stream at a rate commensurate with the speed of movement and 

diffusion of sediment in each system (Burbank and Anderson, 2001).  
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The length of time it takes these waves of erosion or deposition to 

move through a system greatly exceeds the time taken to instigate the 

events responsible. Equilibrium response times (in the absence of 

disturbance, the elapsed time required to achieve equilibrium) of some 

drainage basins may extend beyond 10,000 years (Burbank and Anderson, 

2001). Wells and Goff (2006) thought that in the short, steep systems of 

the western Southern Alps response times are comparatively brief, perhaps a 

few decades. However, Davies and Korup (2007) contradict this, believing 

that the alluvial fans of the western Southern Alps appear to be in dynamic 

equilibrium with water and sediment inputs on a timescale of greater than or 

equal to 1000 years. 

The relative proportions of vertical incision and lateral erosion of a 

river system differ because of the position of sea level (base level), the 

upstream drainage area, and the rate of tectonic uplift at any given time. 

Catchments along a single coastline may have complex flights of terraces 

that vary in spacing, number, and even age distribution. Local offshore 

topography can also affect local onshore landforms as a result of base level 

change during glacial periods (Schumm, 1993). Since sea level reached its 

present elevation only about 6000 years ago, these effects are still evident 

in some parts of the South Island. Because these landforms are not the 

consequence of external, instantaneous events, but are rather a part of a 

time-continuum constantly adjusting to base level, climates and/or uplift, the 

amplitude of adjustment depends on the power and size of each river relative 

to the rate of tectonic uplift (Burbank and Anderson, 2001). 

The sedimentary deposits found in Westland such as terraces, fans, 

and sand dunes near the mouths of rivers, all result from combinations of 

tectonic and glacial activity that shape the land, climatic activity that erodes 

and flushes the landscape, and the seismic activity that creates the main 

source of sedimentary input (Langridge et al., 2012). If river systems are the 
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main thoroughfare bringing sediment to the sea in the Westland region, mass 

wasting, or landsliding, is the leading sediment producer. 

 

2.6 Landslides 
 

Along with fluvial erosion, mass wasting is considered the dominant 

driver of geomorphic change in the western Southern Alps (Hancox et al., 

2005). Exerting influence on valley and fluvial landscapes at various scales, 

landslides cause “recurring patterns of geomorphic response” (Korup, 2005a, 

p. 795). A primary requirement for landsliding is rock slope instability, which 

can be brought about by a range of causal mechanisms. In the western 

Southern Alps of New Zealand, high intensity rainstorms, ongoing glacial 

recession, freeze-thaw cycles, fluvial erosion, gravitational stress (resulting in 

ongoing degradation of rock mass strength especially along planes of 

schistosity), and periodic large magnitude earthquakes all contribute to slope 

instability (Hancox et al., 2005; Korup et al., 2004; Korup et al., 2005; 

Korup et al., 2006; Barth et al., 2013). The periodic large magnitude 

earthquakes lead not just to the initiation of substantial co-seismic 

landslides, but due to resulting loose debris, can also lead to a period of 

increased slope instability that can last for many years (Dunning et al., 

2007). 

Tectonic damage to bedrock associated with fault rupture, as well as 

increased porosity, fissures, and joint dilatation all contribute to slope 

instability following a major earthquake (Tang et al., 2011). This is illustrated 

well by both the aforementioned 2011 AD Tohoku-oki earthquake off the 

northeast coast of Honshu, Japan (e.g., Wartman et al., 2012, 2013; Usui et 

al., 2013; Goff and Sugawara, 2014), as well as the Mw 8 Wenchuan 

earthquake that occurred on May 12, 2008 AD in the Sichuan Province of 

China. Tang et al. (2011) found that a profusion of loose landslide debris 
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remained on hill slopes following the earthquake and subsequently acted as a 

source material for shallow landslides and rainfall-induced debris flows. 

Furthermore, numerous extension cracks that had formed on nearby hill 

slopes led to additional landslides during ensuing heavy rains (figure 2.6.1).  

 

 
 

Figure 2.6.1. Map of earthquake-triggered and subsequent rainfall induced 
landslides near the city of Beichuan following the Wenchuan earthquake of 
2008 (from Tang et al., 2011, figure 6). 
 

In much of the world, earthquake-initiated landslides are a significant 

erosional process and, especially where the earthquake moment magnitude is 

seven or greater (Mw 7+), can trigger landslides sometimes more than 400 
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km from the epicenter (Bull, 1996). According to Pearce and O’Loughlin 

(1985), landslides can occur over areas ranging from locally in a Mw 4 

earthquake event, to around 500,000 km2 in a Mw 9.2 event. Although 

earthquakes produce many types and sizes of mass movement events, some 

of the largest recorded rockslides, rock avalanches, and debris flows have 

been attributed to seismic shaking (Pearce and O’Loughlin, 1985). Studies 

looking at numbers of landslides by area have shown that landslide events 

may comprise of a single landslide, or (more commonly) many thousands 

(Malamud et al., 2004; Keefer, 2002; Robinson et al., 2016). For example, 

the 2011 Tohoku-oki earthquake produced nearly 3,500 landslides, while the 

2008 Wenchuan earthquake in China triggered an estimated 60,000 (Fan et 

al., 2012a; Goff and Sugawara, 2014)! In Westland, as elsewhere, 

earthquakes not only produce large landslide events, they can also produce a 

multitude of secondary events, such as landslide dams, subsequent dam-

break floods, channel avulsion, sediment pulses, and aggradation, as 

discussed later. 

The number and extent of landslides generated by an earthquake are 

not solely a function of its moment magnitude. Other earthquake related 

factors include the type of rupture (normal, strike-slip, thrust), the depth of 

the rupture, the direction of rupture propagation (and hence focused 

energy), and the local amplification due to topography and rock type, as well 

as the regional attenuation. Geomorphic considerations, such as rock 

composition, roughness, and topography, as well as hydrological conditions, 

also contribute (Malamud et al., 2004). Although large numbers of landslides 

can be produced from fairly moderate-sized earthquakes, in general the 

number of landslides increases with an increasing moment magnitude 

(Keefer, 2002). 

In terms of mechanisms, the upper parts of a mountain structure 

experience greatly intensified ground acceleration or shaking due to edifice 
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resonance with dominant seismic wave frequencies (e.g., Buech et al., 2010; 

Bazgard et al., 2011). Compared with the relatively slow alterations of 

mostly shallow stresses brought about by rainfall, weathering, or stress-

corrosion, seismic shaking causes intense and rapid time-variant stresses 

deep inside the mountain structure (Chevalier et al., 2009). The spatial 

density of coseismic landslides has been shown to increase linearly with peak 

ground acceleration and decrease with distance from the earthquake 

epicenter (Barth, 2013). 

It has also been shown that mass movements and fluvial dissection are 

the dominant instruments of denudation in tectonically active mountain belts 

like the Southern Alps (Korup et al., 2004). In areas with moderate to steep 

hillsides, rapidly uplifting and simultaneously incising fluvial landscapes, and 

relatively narrow gorges, the delivery of landslide deposits directly into river 

channels is common (Ouimet et al., 2007). In the western Southern Alps, 

landslide deposits may partially block channels before eventually becoming 

entrained and conveyed downstream. This often causes disastrous 

overloading of the river channel along the way, which can culminate in 

avulsion on unconfined alluvial fans, or the abandonment of the original 

riverbed for another (Korup et al., 2004). Finally, when a landslide blocks a 

river channel completely a landslide dam will form, which can lead to a 

number of subsequent hazards. 

 

2.7 Landslide Dams 
 

 A landslide dam, one of the initial potential hazards caused by the 

occurrence of a large landslide into a river valley, is a common river 

disturbance in tectonically active mountain regions (Korup, 2004b). The 

sediment input from such an event may block the river channel temporarily, 

or in some cases, for a relatively long time. Damming causes an increase of 
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the local base level upstream of the dam site, reducing the gradient of the 

river reach and causing a decrease in stream power and fluvial transport 

capacity. Landslide lakes form behind the dam, and prograding gravel fan-

deltas begin to infill the dammed lake by aggradation until the river finds a 

way over or around the blockage (Korup, 2004c). 

Made up of poorly sorted material, landslide dams do not have any 

designed or engineered elements to avert or control the release of the water 

they block (Hancox et al., 2005; Peng and Zhang, 2012). Without protected 

outlets or channelized spillways, landslide dams often fail catastrophically 

due to overtopping, seepage, or piping (or a combination of these 

processes) causing an outburst flood (Korup et al. 2006). Peng and Zhang 

(2012) compiled a database of 1,239 landslide dams to study 

characteristics such as triggers, types of landslides, failure modes, and 

longevity. They found that of the 144 cases of dam failure in which failure 

modes were known, 91% (131 cases) failed by overtopping. Piping and slope 

collapse were far less important, accounting for only 8% (12 cases) and 1% 

(1 case), respectively. 

 Historical evidence from New Zealand and around the world 

demonstrates that relatively few landslide dams are stable in the long term, 

commonly failing via overtopping and channel erosion, during or soon after 

the first notable rainfall following emplacement (Hancox et al., 2005). In 

fact, Korup et al. (2006) describe landslide dams as ephemeral features, 

stating that of the historically documented cases of landslide dams that 

failed, 80% did so within one year of formation. A later study of 828 

landslide dams triggered by the 2008 AD Wenchuan earthquake in China 

found that the failure rate of dams (percentage of the number and area of 

landslide dams that have failed since the event) shows that about 25% of 

dams (accounting for around 30% of total landslide dam area) failed within 

one week following the earthquake. The rate increased to roughly 60% within 
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one month, and to greater than 90% within one year (Fan et al., 2012a). 

Peng and Zhang (2012) using their database of 1,239 landslide dams, found 

that of the 204 documented dams with failure information, 34% failed within 

one day of formation, 51% had failed by the end of one week, 71% had 

failed within one month, and by the time one year had gone by, 87% of the 

dams had failed. 

With this sort of failure rate, a landslide dam may be considered stable, 

according to Korup (2004b) if it has lasted more than 10 years to several 

decades. Ouimet et al. (2007) define a stable dam as one that is able to 

block a river valley for hundreds to perhaps tens of thousands of years. 

Long-term blockages of large rivers do occur, and impounded lakes have 

endured for up to 10,000 years before complete infilling or dam failure 

(Korup et al. 2006; Hewitt, 1999). Part of the difficulty of classifying a 

landslide dam as stable is that stability is an ever-evolving condition. 

Whether a dam lasts minutes or thousands of years is determined by many 

factors, some of which change with time. For example, the composition and 

size of the dam, the volume and size of the lake created behind the dam, and 

the rates of water and sediment inflow into that lake are all variables 

affecting dam stability (Hancox et al., 2005; Peng and Zhang, 2012). Also, 

seismic ground motion fractures rock and weakens hill slopes, predisposing 

them to collapse in future earthquakes, aftershocks, or rainfall (Cui et al., 

2009). In the case of the Wenchuan earthquake in China, only four months 

passed before a storm caused several dams to breach and initiated 72 debris 

flows in the region of the earthquake’s epicenter (Fan et al., 2012b). 

Along with seismicity, secondary landslides can be triggered by 

increasing pore-water pressures as a lake forms or seepage forces along 

valley side slopes and dam faces during a lowering of water level. Secondary 

landslides that fall into a landslide lake can produce displacement waves that 

overtop the dam, or perhaps even initiate sudden, large-scale failure (Korup, 
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2005b). A cascade of dam failures is also a risk as a river may have multiple 

landslide dams following a large earthquake, and the breaching of an 

upstream dam may precipitate the breaching of others downstream (Fan et 

al, 2012b). After reviewing case studies globally, Korup (2005b, p. 172) 

found “a striking variety of morphodynamic scenarios associated with the 

formation and failure of landslide dams.” 

Figure 2.7.1, taken from Korup (2005b, figure 4) depicts a flow chart 

of geomorphic processes and hazards associated with formation and failure 

of a landslide dam. As mentioned previously, before the dam fails, the region 

upstream of a landslide dam experiences increasing reservoir fill, which 

enlarges the area prone to backwater flooding and aggradation, as well as 

secondary landsliding through modification of slope hydrology. The 

consequences to the downstream reaches, on the other hand, are usually the 

most concerning for human populations. The geomorphic responses that 

have the potential to cause the largest direct physical impact are usually 

outburst floods, or debris flows following rapid dam failure (Korup, 2004c). 

The drawing in figure 2.7.2 depicts probable hazards for the areas upstream, 

on-site, and downstream of a landslide dam.
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Figure 2.7.1. Flow chart of geomorphic processes and hazards associated with formation and failure of a landslide dam (from Korup 
2005b, figure 4).
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Figure 2.7.2. Geomorphic hazards illustrated as probabilities resulting from 
the formation and failure of a landslide dam in a typical mountain-river 
system in South Westland. For example, on the bottom left, P(D|O) signifies 
the conditional probability of spatial impact by a landslide dam-break or 
outburst flood, given the failure of a landslide dam (from Korup 2005b, 
figure 7). 
 

The devastating effects of floods and debris flows are generally 

thought to happen in the short term, within a year of dam formation, but 

ramifications for river channels, especially downstream, can be quite 

extensive in the long-term as well. As river systems become overloaded with 

landslide-derived sediment, the complexity of the fluvial response often 

involves geomorphic lag effects due to changes in storage, such as channel 

avulsion or downstream aggradation (Korup, 2005b). A channel avulsion 

manifests as a rapid lateral relocation of a river course across parts of its 

floodplain because of modifications to local valley slope by sediment 

deposition and erosion (Jones and Schumm, 1999; Korup, 2004c). It differs 

from a lateral migration (often occurring in braided, gravel-bed rivers typical 
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of mountain catchments) in that it is a shift of a channel train, rather than 

the movement of a single braid (Korup, 2004c). The transportation or build-

up of excess sediment throughout a river system culminates in a particular 

type of geomorphic change, with corresponding hazards. 

 
2.8 Avulsion and Aggradation Hazards 
 

Bedrock landsliding, according to Hovius et al. (1997), is the principal 

hill slope erosion process occurring in the western Southern Alps and is the 

primary source of the material that leaves the mountain belt as river-

transported sediment. River systems transport the landslide sediment from 

the mountain valleys to the Tasman Sea at rates determined by the river 

flow rate, gradient, and morphology (Davies and McSaveney, 2006). Due to 

the tectonic nature and high rainfall environment in south Westland, the 

unconfined alluvial fans of the mountain range front are liable to be affected 

by large-scale sediment overloading or aggradation events (figure 2.8.1). 

 

 
 
Figure 2.8.1. State Highway 6 bridge over Boulder Creek showing massive in-
channel aggradation (March, 2002). Long after the original slope failure, the 
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overloading of river channels by coarse, landslide-derived sediment remains a 
problem for infrastructure (from Korup, 2004c, figure 10). 
 

Defined as the build-up of sediment on the channel bed, aggradation 

results when a river adjusts to an increased sediment input by increasing its 

slope so that the available water flow is able to transport it. This increase in 

bed elevation often causes a rapid lateral relocation of a river course, or a 

channel avulsion (Jones and Schumm, 1999). Riverbed aggradation and 

avulsion are the drivers that create floodplains and braidplains, which are 

very common in Westland, and can lead to an increased potential for 

catastrophic hazards to society (Korup, 2004c).  

Braidplains are very dynamic, with channel activation or movement a 

fairly frequent occurrence, whilst floodplains are more likely to be inundated 

by overbank flow on 10 to 100-year timescales (Davies and Korup, 2010). A 

river’s within-channel flood-carrying capacity is greatly reduced by 

aggradation, so the frequency of overbank flows increases correspondingly 

and can be greatly affected by the magnitude of aggradation or 

entrenchment (Miller and Benda, 2000). Many of the alluvial fans along the 

western edge of the Southern Alps are confined laterally by moraine ridges 

of the last glacial maximum and tend to have steep fanheads into which 

rivers are usually incised. This happens because the fanheads aggrade during 

intense sediment-input events, and the rivers incise into the over-steepened 

fanhead when the sediment supply reduces again (Davies and Korup, 2007). 

These fans also experience high flood discharge rates, due to intense rainfall 

events in their headwaters, which can increase carrying capacity and 

sediment delivery (Griffiths and McSaveney, 1983; Henderson and 

Thompson, 1999; Davies and Korup, 2007). The total area of active channel 

bed in the Southern Alps scales consistently with the size of the catchment 
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area so falling base level, or a reduction in sediment supply, will dissect a 

floodplain, forming terraces (Davies and Korup, 2010). 

A large influx of sediment to a river system forms what is known as a 

sediment pulse or wave. This is a transient zone of sediment accumulation in 

a channel that propagates and diffuses through a river system over time 

(Sutherland et al., 2002). Particularly characteristic of mountain streams, 

sediment pulses can initiate as debris flows from steep tributary streams, as 

landslides from adjacent hillslopes, or as a failed landslide dam (Cui et al., 

2003). A sediment wave introduced into a laboratory stream channel by Lisle 

et al. (1997) manifested a diffusion both upstream and downstream of the 

sediment input, as incoming sediment above the input was trapped and the 

introduced sediment was eroded and deposited downstream. Worldwide 

studies have documented sediment wave aggradation depths from 

decimeters to several meters, with wavelengths ranging from hundreds of 

meters to kilometers (Miller and Benda, 2000). Although it may only take a 

short time to deposit a large volume of sediment into a river system, it can 

remain in that system for a long period of time as the river adjusts towards a 

new state of equilibrium (Cui and Parker, 2005). 

Rivers draining the steep, wet, western Southern Alps carry an 

enormous amount of sediment that is equivalent to a lowering of the whole 

mountain landscape by 3.8 mm or more per year (Thompson and Adams, 

1979; Adams, 1980). Griffiths (1979) determined that these rivers have 

specific annual sediment yields approximately ten times higher than world 

average rates of other mountainous areas. Adams (1980) suggested that in 

the Southern Alps most of the extra post-seismic sediment load might be 

carried out to sea in suspension in less than five years, corresponding to 

Griffiths’ (1979) estimate that about 5% of total sediment load moves as 

bedload. Other researchers, however, have used a much higher proportion of 

bedload to total load – up to 50% (Davies and McSaveney, 2006), and 
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because bedload moves much more slowly than suspended load, this means 

that residence times will be correspondingly longer. 

Wells and Goff (2007) suggest that regional episodes of coastal 

progradation and dune formation have quickly followed (by years to 

decades) all known Alpine fault earthquakes in South Westland since about 

the year 1200 AD. The south Westland region has rapid and dynamic coastal 

processes, with high-energy wave conditions and recurrent storms, and the 

sediment delivered down river is carried north by longshore drift. According 

to Coates and Nathan (1993) progradation in this area has been ongoing for 

around 6000 years, since the stabilization of sea level following its glacial 

low stand. Wells and Goff (2007) studied five catchments in the region 

which have developed coastal progradation plains extending up to three 

kilometers inland along the adjacent coast, which include (north to south) 

Haast, Okuru, Waiatoto, Arawhata, and Awarua river catchments. The dunes 

at Haast can be seen in figure 2.8.2. 

 

 
 
Figure 2.8.2. Image of the dunes near the mouth of the Haast river in South 
Westland (from Google Earth, 2021). 

Tasman Sea 
Haast 
River 
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It was found, at all sites, that dune formation and progradation took 

place in discrete episodes, with long periods of little progradation in between, 

which is indicated by the abrupt changes in colonizing tree ages. The change 

appears on the dune crest where a similarly aged cohort extends seaward 

from the front of a dune ridge crest to the crest of the next dune ridge (see 

figure 2.8.3). Age gradations were not found across dune units, so the 

synchronicity of colonization is evidence that entire new dune units stabilized 

at the same time. The timing of dune formation episodes is fairly consistent 

between catchments, with the oldest tree ages differing by not more than 

20-53 years, and complete dune stabilization as early as the decades of 

1830, 1720, 1620, 1500, 1430, and 1280 AD (Wells and Goff, 2007).
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Figure 2.8.3. Schematic representation of the chronology of dune building at Haast and Okuru since 1450 AD. Dune ridges formed 
rapidly following earthquake events and were colonized by new cohorts of trees. The cohorts spanned from the landward side of 
the newly formed dune to the seaward side of the previously unvegetated foredune. Histograms show tree cohort age class 
distributions on each dune-swale unit for the Haast and Okuru sites (from Wells and Goff, 2006, figure 3). 
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For the three most recent events, the oldest trees on the dunes were 

no more than 20-46 years younger than the earthquake events that are 

thought to have created them. Various processes will have taken place 

during this time difference, including the sediment pulse traveling down river, 

dune building, tree colonization, and tree growth to coring height. With a 

probable delay of between 5-40 years for trees to reach coring height, it is 

estimated that dune formation and stabilization occurred in about five to 

thirty years following each earthquake (Wells and Goff, 2006). A summary of 

the oldest tree age dates for the six regional episodes across the five 

catchments can be seen in figure 2.8.4. 

 

 

Figure 2.8.4. Summary of the oldest tree ages for six successive dune 
formation episodes (from Wells and Goff, 2007, table 1). 

 
Although the fine suspended sediment load flows through the river 

system at about the water flow velocity, the bedload travels much more 

slowly than the water because for much of the time it forms deposits that 

affect the course of the river itself. According to Korup (2004c, p. 79; 

Kirchner et al., 2001), “fluvial response to landslide-driven aggradation is 

rapid on decadal scales and exceeds long-term trends on an order-of-

magnitude scale.” This can be seen in a fairly recent example of river 
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response following the Mt. Adams landslide of October 6, 1999 AD. Eleven 

kilometers upstream of the SH6 road bridge, a very large (~10-15 million m3) 

rock avalanche blocked the Poerua River. The impounded lake had a volume 

of five to seven million m3 before it overtopped the 120 m high rock debris 

dam the next day, and the dam breached during the first significant post 

landslide rainfall, six days after forming, see figure 2.8.5 (Hancox et al., 

2005). The resulting outburst flood attained a peak discharge of ~3000 

m3/s (Korup, 2004c), and deposited a substantial amount of coarse gravel in 

the valley downstream of the dam, with mostly fine material left on the 

alluvial fan below the exit to the gorge (Hancox et al., 2005). 

 
 
Figure 2.8.5 The Poerua landslide dam and lake the day after overtopping on 
the morning of October 8, 1999 AD (from Hancox et al., 2005, figure 2). 
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By 16 months after the dam failure, significant aggradation had caused 

a major channel avulsion reactivating a segment of channel east of the 

original river course that had been previously abandoned (see figure 2.8.6). 

By 2002, three years after breaching, the avulsion channel had directed 

most of the discharge away from the former course and had widened its 

active bed by over 200% (Korup, 2004c). It is estimated that at least five 

million cubic meters of alluvium has been deposited across farmland and in 

the riverbed of the upper valley, between the gorge exit and the SH6 road 

bridge. This event has affected local geomorphology and society greatly and 

will continue to do so for the foreseeable future (Hancox et al., 2005). 

 

 
 
Figure 2.8.6. The right image shows an overview of the area of the landslide-
induced avulsion on the Poerua River following a rock-avalanche dam failure in 
1999 AD. On the left of this image, downstream aggradation and avulsion is 
evident 6 months after the event, and the center image shows the course of 
the avulsion channel after 30 months when it is nearly complete (from 
Korup, 2004c, figure 11). 
 

Although the west coast must, on a geologic time-scale, have frequent 

earthquake-triggered landslide dam events, researchers have not yet found a 

large landslide deposit that dates from the last (1717 AD) Alpine fault 
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earthquake, even though it has been shown to have been a high magnitude 

event (Hancox et al, 2005; Chevalier et al., 2009; Barth et al., 2013). The 

paucity of large rock avalanches along the Alpine fault is a quandary that 

Barth et al. (2013, p. 12) believes “may be partly due to transient 

preservation of the deposit in a highly active landscape characterized by 

c.12 m of rainfall annually and calculated erosion rates on the order of 10 

mm/yr.” This is supported by the fact that the 1999 AD Mt Adams landslide 

had by 2005 AD lost 70% of its volume to the Poerua River, and similarly, 

the late Holocene Mt. Wilberg rock avalanche has lost at least 75% of its 

original surface area to the Wanganui River due to fluvial erosion (Chevalier 

et al., 2009; Barth et al., 2013). The short residence time of a landslide 

deposit, coupled with the common misinterpretation of large rock avalanches 

as glacial deposits, suggests that their frequency is underrepresented in 

south Westland, and it is therefore reasonable to assume that the risk due to 

such events is also underestimated (Barth et al., 2013). 

 

2.9 Summary 
 

The topography and tectonic structure of Westland, along with the 

ongoing processes of seismicity and orogenic rainfall, make it vulnerable to 

earthquakes and the hazards that come with them. Various researchers have 

dated the most recent fault rupture to the year 1717 AD, and considering 

that the average quiescent period between past major earthquakes is 

estimated to be around 300 years, it is reasonable to postulate that the 

Alpine fault could produce a significant earthquake at any time (Wells et al., 

1999; Yetton, 2000; Berryman et al., 2012). However, the Alpine fault is not 

the only likely source of future earthquakes. There are many unknown faults 

in the mountains of Westland, and it follows that a major earthquake could 

occur almost anywhere. The idea that a major earthquake can occur on an 
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unknown fault or faults and has the potential to create landslides on a very 

large scale, suggests that the risk of earthquakes and the hazards that 

accompany them, are currently underestimated. 

 

2.10 Consequences 
 

The consequences for society of the landscape processes that 

accompany and follow a major earthquake are potentially very serious. Even 

though, in the uninhabited mountains of south Westland, the upstream 

repercussions from seismically-induced landslides are not societally 

disastrous, the direct physical impact and consequential ongoing downstream 

effects can be quite devastating to human settlements and land use (Korup, 

2005b). River flooding, aggradation and avulsion can destroy bridges and 

roads, and the communications and utility infrastructure accompanying them, 

disrupt land use for farming, and interrupt the flow of goods and services to 

the West Coast due to road closure with correspondingly devastating 

impacts on commerce. In particular, while the immediate impacts of severe 

ground shaking and landsliding are widely understood, the slower and longer-

term impacts on the roads, townships and rural land of the West Coast due 

to river aggradation are less appreciated. 

Therefore, it is the aim of this thesis to provide information on the 

extent and timing of past widespread floodplain aggradation episodes on the 

West Coast that are due to seismically-induced landsliding. This research is 

undertaken in order to inform scenario development and planning to reduce 

societal impacts from, and improve response to, an event of this type that is 

very likely to follow the next major earthquake. The regional aggradation 

history is inferred through age-dating of land surfaces using trees of forest 

remnants on the floodplains and terraces of some of the rivers of Westland. 

Combined with previous studies, whose areal distribution it has been 
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designed to complement, this project endeavors to map the extent and 

timing of past aggradation episodes in Westland.  
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Chapter Three 
 

Westland Forest Ecology 
 

In order to assess the aggradation hazard potential for the Westland 

area of New Zealand’s South Island, this project makes use of native forest 

stands and individual trees to determine the ages of various land surfaces. 

This is possible because of the way in which forests regenerate following a 

major disturbance (such as earthquakes, windstorms, fire, or substantial 

aggradation) that results in widespread tree death. Generally, there is a pulse 

of new growth, resulting in trees that form a fairly even-aged stand, or a 

disturbance-initiated cohort. A sudden peak in the age-class distribution of 

trees in a particular forest stand can indicate the occurrence and distribution 

of a past disturbance episode, and the age of the oldest tree in that cohort 

can be used to estimate the minimum age of the disturbance event. When 

this local information is combined with data from the wider area, it can help 

to build a regional picture of the disturbance history (Duncan and Stewart, 

1991; Wells et al., 1998; Cullen, et al., 2003). To best understand the 

sampled data, it is important to have a clear picture of the region’s 

ecological environment. A brief history of the landforms and vegetation 

patterns that affect tree growth in the Westland region is given here, 

together with descriptions of the various tree species and the types of 

forest they inhabit.
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3.1 Overview of Landforms 

 

The forest ecology of Westland, New Zealand has changed 

considerably since the last glaciation, in a complex process that varies from 

site to site depending on climate, soil conditions, and the availability of plant 

seed. The last glaciation, the Otiran, peaked from about 25,000 to 17,000 

years ago and since then the climate has warmed, enabling recolonization of 

previously ice-covered surfaces. During glaciation, forests had been confined 

to favorable sites such as north facing slopes close to the lowered coastline, 

but by around 11,000 years ago both the vegetation and the climate over 

much of Westland were similar to those of today. Small stands of hard beech 

(Fuscospora truncata) south of the Haast river in south Westland are likely 

examples of localized forest survival during the glaciation still visible today 

(Wardle, 1977). 

Mountains, valley floors, moraines, and outwash surfaces are the major 

Westland landforms. Formed by sediment deposition from the major 

Westland rivers, (e.g., Wanganui, Whataroa, Karangarua rivers) the valley 

floors are relatively young (less than 3,000 years old) and fertile, being 

made up of alluvial material. Land gradients decrease close to the sea and 

drainage becomes poor in the lower parts of the valleys, so wetlands can be 

quite extensive there. Lateral moraines from the last major glaciation 

(25,000 to 17,000 years ago) are prominent along the sides of all major 

river systems in Westland and smaller areas of terminal moraine also date to 

this period. Sizable regions of older moraines, perhaps dating from the 

previous glacial period (greater than 100,000 years ago) are found beyond 

(usually northwest) of the younger moraines, and the old outwash surfaces 

linked to these landforms are found downslope from moraines across much 

of Westland. The most developed of these are located in mid-Westland near 

Okarito. A conspicuous eastern boundary to Westland’s lowland environment 
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is the Alpine fault, where alluvial valley floors, moraines, and outwash 

surfaces underlain by metamorphosized schist and granite in the west rise to 

hillslopes formed in schist and sandstone by tectonic uplift in the east. An 

overview of major Westland landmarks can be found in figure 3.1.1. 

 

 
 
Figure 3.1.1. Overview of Westland study area with important rivers, towns, 
State Highway 6, and the Alpine fault trace (Cartography by Tim Nolan). 
 

3.2 Overview of Vegetation 
 

There are four major vegetation patterns in Westland, relating to the 

altitude, soil type, surface age, and the presence or not of beech species. 

The increase in temperature as altitude decreases is the most obvious trend 

in vegetation, and this general structure is further altered by the age and soil 

type of the surface. In lowland forests where many of the study sites for this 
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project are located, for example, pronounced differences in forest 

composition take place according to how well drained the soils are. The 

density of rimu (Dacrydium cupressinum) stands tends to increase along a 

transition from better drained to poorly drained soils, while the density of 

various angiosperm species tends to decrease along that same transition. 

Vegetation type also depends on surface age, which is evident by the 

transition from kahikatea (Dacrycarpus dacrydiodes) and matai-totara 

(Prumnopitys taxifolia-Podocarpus totara var. waihoensis) forests on younger 

surfaces to rimu-dominated forests on older surfaces (Wardle, 1977). 

The final Westland vegetation pattern relates to the distribution of 

beech (Fuscospora and Lophozonia) forest. Mainly found north of the 

Taramakau River and south of the Paringa River (figure 3.1.1), these 

angiosperms make up a significant portion of the forest canopy on all 

landforms. The region between them, sometimes called “the beech gap” 

(Wardle, 1984), which makes up nearly two-thirds of the Westland district, 

has a canopy dominated by various podocarp species with no beech present. 

The primary explanation given for the beech gap is the Last Glacial Maximum 

glaciation, which covered the gap area with ice. However, the reason the 

beech species continues to be absent, according to Leschen et al. (2008), 

appears to be the combination of the lowland environment being suitable for 

competing podocarp-angiosperm forest and at the same time unfavorable 

terrain for beech invasion. The types of forest communities now found in the 

Westland region are dictated by the combinations of the various vegetation 

patterns and the tree species that thrive in them. Podocarp and angiosperm 

communities covered much of Westland before human impact and remnants 

of these forests and the podocarp species within them, along with the 

conifer species Libocedrus bidwilli (kaikawaka or mountain cedar), are the 

main source of data for this project. Descriptions of these tree species and 

forest types are given below. 
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Podocarps 
 

Podocarp trees, in the conifer family, have needle-like or tiny fish 

scale-shaped leaves that stay green all year long. They reproduce using 

cones, with male cones producing pollen, and female cones making seeds. 

While many conifer cones, when ripe, split open and release their seeds to 

scatter in the wind, podocarp cones, looking more like berries or fruit, 

comprise a fleshy aril which either encloses or has 1-3 seeds associated with 

it. This fleshy structure is attractive to birds which enable widespread 

dispersion. Podocarp forests comprise a mixture of tall podocarps and smaller 

angiosperm trees (hardwoods) with a dense undergrowth of shrubs, herbs, 

and ferns (including tree ferns). The forest canopy is made up of light-loving 

species, while the shade-tolerant ones thrive in the darker lower levels. The 

most widespread podocarp species at the sites studied here are kahikatea, 

miro, matai, totara, and rimu, and the most dominant species in a forest is 

generally determined by the altitude, soil type and climate conditions at the 

locality (Wassilieff, 2019). A brief description of each is given below. 

 

Kahikatea (Dacrycarpus dacrydiodes) 

 

New Zealand’s tallest native tree can live to more than 500 years and 

can reach up to 60 meters high, with trunks of up to two meters across. 

Often, this tree develops large buttresses at its base for support in wet soils. 

In autumn, it produces purple-black seeds at the end of a succulent orange-

red aril that are fed on by native birds such as kereru, kaka, tui, and bellbird. 

With small narrow leaves as a seedling, mature trees have green or blue-

green scale-like leaves on ascending branchlets. Young trees can resemble a 

typical Christmas tree, while more mature trees tend to have bare trunks 

leading up to quite large and shaggy canopies (figure 3.2.1). Needing a lot of 
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sunlight, seedlings grow quickest in open or partially shaded areas, and are 

often first colonizers following disturbance. The kahikatea is the dominant 

tree in lowland swampy areas and grows on moist fertile soils. Unfortunately, 

the fertile lands beneath these forests were wanted for farming, so much of 

the original forests were cut down not only for the use of the land, but also 

to make boxes for the dairy products being shipped overseas (Wassilieff, 

2019; Department of Conservation, 2019). 

 

a)  b)  

c)  d)  
 
Figure 3.2.1. a) Kahikatea forest on the Karangarua River. b) Tall straight 
kahikatea trunk with shaggy canopy. c) Mature kahikatea branch with scale-
like leaves. d) Purple-black maturing seed cone. (photos: a) J. Blagen; b) Alan 
Liefting; c) and d) The University of Auckland, 2020a). 
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Miro (Prumnopitys ferruginea) 

 

Growing up to a meter in diameter at the trunk, which has a hammered 

texture caused by flaking bark, miro reaches up to 25 meters high and can 

live to 600 years or more. Young trees look similar to mature trees, having 

fairly straight circular trunks with a rounded crown, and two rows of 

flattened, feathery, dark green needle-like leaves along the stem (figure 

3.2.2). In autumn to early winter, mature trees produce pinkish-purple to 

bright red plum-like fruit which is favored by birds (kereru, kaka, and kokako). 

Miro favors shady sites and moist but well-drained soils and grows both in 

the lowlands and at higher altitudes. Miro can grow in infertile soils and, due 

to their shade tolerance, under a closed canopy as well, often coming into a 

forest as a secondary tree. Although still fairly widespread, this species is 

greatly reduced in number now, as it was felled not only to clear the land for 

human use, but also to be used as building material (Wardle, 1977; Duncan, 

1993; Wassilieff, 2019; Department of Conservation, 2019) 

 

a)  b)  
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 c)  d)  
 
Figure 3.2.2. a) Mature miro tree. b) Miro trunk with hammered bark. c) 
Mature miro branch with flattened feathery leaves. d) Mature miro seed fruit. 
(photos: a) and b) Phil Bendle; c) and d) The University of Auckland, 2020b). 
 

Matai (Prumnopitys taxifolia) 

 

Matai can grow up to 30 meters tall with a trunk of up to two meters 

in diameter. Young matai are shrub-like tangles of interlaced branches with 

tiny brown leaves and may take as long as 50 years to reach just two meters 

in height, but after reaching 3-5 meters tall they develop cylindrical trunks 

with rounded crowns. Mature leaves are dark green with a bluish-white 

underside that grow in irregular rows about the stem (figure 3.2.3). Mature 

trees have a hammer-marked look similar to miro, however the matai’s 

hammered trunk shows a deep red color and does not ooze resin when 

injured as miro does. The hard-coated seeds are covered with a purple fleshy 

fruit and are dispersed, like the other podocarps, by forest birds. Matai are 

found throughout lowland forests of the North and South islands, favoring 

fertile, well-drained soils, and are capable of growing in areas of low rainfall. 

They are long-lived, with ages reaching to around 1,000 years (Wassilieff, 

2019; Department of Conservation, 2019). 
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a)  b)  

c)  d)  
 
Figure 3.2.3. a) Matai tree. b) Matai trunk with reddish hammered bark. c) 
mature matai branch with irregular rows of green leaves. d) Mature purplish 
fleshy matai seed. (photos: a) Wikipedia, 2020; b) Kete Pukekura Park, 
2020; c) and d) The University of Auckland, 2020c). 
 

Totara (Podocarpus totara var. waihoensis) 

 

There are a number of totara species, and they readily hybridize. 

Podocarpus totara var. waihoensis  is thought to have taken advantage of 

conditions favoring Podocarpus totara following deglaciation of the South 

Island’s west coast. Because the pure strain was not available, a hybrid close 

in resemblance, but showing traits of an introgression with Podocarpus 
acutifolius colonized instead (Wardle, 1972). Podocarpus totara is long-lived 

(can reach 1000 years or more), grows up to 30-40 meters high with tall, 

straight trunks, and has needle-like leaves with red berry-like receptacles at 
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the bases of its small cones. Distinctively, the massive trunks are covered in 

a thick bark that peels off in strips (figure 3.2.4). Podocarpus totara 
var. waihoensis, though of similar appearance, does not grow as large and 

has leaves that are narrower with straight edges that come to a point with 

an angle less than 90°. Found only on the west coast of the South Island, 

totara (var. waihoensis ) is widespread within alluvial and riparian forests on 

poorly drained, flood-prone river terraces, preferring recent soils overlying 

gravels (de Lange, 2019a). 

 

a)  b)  

c)  
 
Figure 3.2.4. a) Tall, straight trunks of a totara forest. b) Totara tree trunk 
with distinctive peeling bark. c) A totara branch with red berry-like cone 
receptacles (photos: J. Blagen). 
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Rimu (Dacrydium cupressinum) 

 

The most common and most widely distributed conifer in New Zealand, 

rimu grows from Northland down to Stewart Island. Well known for its strong, 

durable timber often used in furniture, rimu trees can reach up to 50 meters 

in height, their crowns usually emerging above the main canopy of forest 

trees. Rimu has weeping branchlets when young, but these become long, 

drooping branches on the mature tree (figure 3.2.5). Its leaves are yellow-

green, scale-like, and small. Large flakes of bark shed from mature trees, 

leaving wavy patterns on the trunk, and the upper branches often support a 

crop of perching plants. Rimu can live for more than 1,000 years, but as old 

trees become susceptible to uprooting in strong winds a life-span of 550–

650 years is more typical. Although rimu does grow in poorly drained soils in 

Westland, it prefers well-drained, fertile sites. Seedlings will not grow in deep 

shade or on open, exposed sites, therefore rimu are not first colonizers 

following a disturbance, but rather come into the forest as the soil profile 

and colonizing vegetation mature. In the long term, rimu gradually replaces 

matai and kahikatea as soils age and become less fertile (Wardle, 1974; 

Miller, 2004; Wassilieff, 2019; Department of Conservation, 2019). 
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a)  b)  

b)  d)  
 
Figure 3.2.5. a) Tall rimu tree with straight trunk. b) Patterned flaking rimu 
bark. c) Long drooping branches of mature rimu tree. d) Small yellow-green 
needle-like rimu leaves (photos J. Blagen). 
 

Kaikawaka or mountain cedar (Libocedrus bidwilli) 
 

This species is not a podocarp, belonging to the Cupressaceae family 

of conifers, and is generally regarded as a montane species, growing between 

300 and 1200 meters in the South Island. Due to its longevity (up to 700 

years) researchers have developed long chronological records for this tree 
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species, which have been used extensively for climate studies (Palmer and 

Xiong, 2004). Seeming to prefer regions of moderate to high rainfall and long 

periods of cloud cover, concentrations of kaikawaka in the South Island are 

mainly in the mountains of Nelson, Westland, and the Catlins, but are not 

found in Fiordland or on Stewart Island. Not a large tree, kaikawaka grows to 

about 20 meters tall and can reach up to one meter in diameter, although it 

more usually reaches just 30 – 60 cm. Kaikawaka has small scale-like 

evergreen leaves that are compressed and flattened to the stem on long 

branches that spread up and out. Arranged in dense tufts above each other, 

they form a pyramidal crown in young trees, and in old trees often appear 

conical or irregular (figure 3.2.6). The trunk is often spiraled, and its bark is 

usually greyish-brown, thin and scaly, and often peels off in longitudinal 

strips. This species favors humidity and poorly drained soils, can withstand 

frost and is better suited to cooler climates. (Tāne’s Tree Trust, 2019; de 

Lange, 2019b; Wassilieff, 2019). 

 

a)  b)  
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c)   

 
Figure 3.2.6. a) Tall kaikawaka 
(mountain cedar) tree. b) A. Wells 
next to large kaikawaka with 
peeling bark. c) Branch with scale-
like evergreen leaves. (photos: a) 
and b) J. Blagen; c) John Barkla). 

 

3.3 Species Choice 
 

The six tree species listed above are indicative of those sampled for 

this project as well as for most of the previous Westland tree studies used as 

part of this project (e.g., Duncan, 1991, 1993; Wells et al., 1998, 1999, 

2001; Cullen et al., 2003). According to Dunwiddie (1979, p. 255), some of 

the features which make conifer species preferable to most angiosperms 

include “ring clarity, cellular characteristics that more readily permit the 

identification of false rings, and sometimes great age.” The choice of tree 

species used for the present study was relatively straightforward as these 

conifer species often tend to have straighter trunks (as opposed to 

angiosperm species that frequently have twisted trunks), are the most 

abundant and long-lived species occurring in the areas studied and are very 

often the oldest trees on a particular surface. 

The best minimum age estimate for a surface, and by proxy the 

disturbance event that created it, is determined by sampling the oldest tree 

at a site. Although the date estimates will contain errors due to factors such 

as variations in colonization delay, missing and false tree rings, and the 

uncertainty involved when approximating amounts of additional rings needed 

for core samples that do not reach the center of the sampled tree, age 

estimates based on tree ring dating have proved surprisingly accurate, with 

these errors limiting the accuracy of estimated tree ages to about ±0-5% of 
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the true age (Norton et al., 1987; Stewart and White, 1995). Wells et al. 

(1999) calculated that the combined error in dating a disturbance event 

based on tree ages could vary from about 5-55 years, with an expected 

range of ±25 years for sampled cohorts that were initiated by the same 

disturbance event. 

Although there are a number of problems associated with the accuracy 

of tree-ring age-dating in general (Norton et al. 1987), and specifically with 

certain species (Norton and Ogden, 1990), overall, these trees are the best 

available to work with in this region at this time, and they are the most 

commonly sampled species, which help when comparing studies. The power 

of this type of research is not in having absolute ages for individual trees at 

a site but is rather in having best estimates of the ages of many trees over 

many sites within a particular region, which enables the generation of a 

greater overall picture. The forest types in which these species are usually 

found in Westland are described below. 

 

3.4 Overview of Forest Type 
 

The vegetation of Westland is classified into forest types based on 

broad characteristics of species and terrain (Wardle, 1977). The most 

dominant species in a forest is determined by environmental conditions such 

as soil, light levels, topography and climate. In the Westland region, four main 

categories of forest structure are further broken into subsets to make up ten 

major forest types. The four dominant forest structures include dense forest 

on flats and terraces below 400 meters, forest with a main canopy of 

angiosperms and an open overstory of conifers, forest with a canopy of tall 

angiosperms (without a conifer overstory), and a low angiosperm forest 

where the canopy is less than ten meters high. The types of forests 

important for this study are variations of the first two: dense forest on flats 
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and terraces below 400 meters, and forest with a main canopy of 

angiosperms and an open overstory of conifers. The five forest types listed 

below represent structures occurring in Westland, as a result of both soil 

type and landform, that were sampled for the present study. 

 

Kahikatea Forest 
 

Forests dominated by kahikatea (Dacrycarpus dacrydiodes) occur on 

recent river deposits in the main valleys and to a lesser extent on the inland 

shores of coastal lagoons. Needing extensive disturbance to allow 

regeneration, kahikatea tends to grow on lowland alluvial floodplains where 

the forest floor is normally wet, and there are often pools of free water of 

various depths and sizes present (Foweraker, 1929). Reaching a height of 50 

meters, kahikatea trees appear dominant although canopy cover is usually 

less than 50%. On better-drained, more fertile sites matai (Prumnopitys 
taxifolia) and totara (Podocarpus totara var. waihoensis) become more 

important while on older and more acid sites, rimu (Dacrydium cupressinum) 

occurs (Wardle, 1977). 

 

Mixed Conifer Forest 
 

Better-drained alluvial soils support a mixture of conifers with matai 

important on silty soils and totara important on more stony soils. Totara 

grows on areas of shingle, or free-draining coarse alluvium, typically after 

flooding or aggradation, but also on the forest margin or adjoining scrubland. 

As it is a light-demanding species, successful establishment is generally 

restricted to a relatively short period following disturbance, before the 

canopy closes over. Matai, like kahikatea, also tends to establish following 

major disturbance, but is more shade-tolerant, so can continue to regenerate 
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under a closed canopy. Matai grows on a similar substrate to totara but 

prefers drier more silty soils and increased nutrient levels (Miller and Wells, 

2003). Fresh alluvial material deposited by floods plays a major role in the 

dynamics and long-term survival of these forests and the periodic deposition 

of fresh alluvium is required to create available sites for seedling 

establishment (Duncan, 1993). 

 

Rimu Forest 
 

Occurring below 400 m on alluvial or fluvio-glacial terraces, rimu 

forests have canopies reaching 30 m or more and are the dominant lowland 

forest type in Westland. Under these forests the water table is usually close 

to the surface and the soils are characterized by an impervious iron-humus 

pan. Miro (Prumnopitys ferruginea) is not as tall and is less abundant in these 

forests and mountain, or thin-bark totara (Podocarpus laetus), is sometimes 

present. The dominant angiosperm species are kamahi (Weinmannia 
racemosa) and Westland quintinia (Quintinia acutifolia), with a variety of 

species present in the shrub and forest floor layers. Southern rata 

(Metrosideros umbellata) occurs on low moraine ridges while on wetter 

ground silver pine (Manoao colensoi) is mixed in with the rimu (Wardle, 

1977). 

 

Lower Hill Slope Forest 
 

Floristically quite variable, these forests typically have rimu and miro 

growing as scattered emergent trees over an angiosperm canopy largely 

dominated by kamahi, with some mountain totara and southern rata. They 

occur up to about 400 m in elevation and on slopes steep enough to prevent 

podsolization (a complex soil forming process whereby dissolved organic 
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matter and metallic ions released by the weathering of various minerals 

forms distinct soil layers). The lowest forest story is generally a mixture of 

small trees including pigeonwood (Hedycarya arborea), an evergreen plant in 

the Araliaceae family (Raukaua simplex), and red matipo (Myrsine australus). 

Occasionally, kahikatea and matai are also present (Wardle, 1977). 

 

Forest on Frosty Flats 
 

Sites where these forests grow are usually relatively recently-formed 

and subject to frequent winter temperature inversions (when a layer of cold 

air at the surface is overlain by a layer of warmer air). Although several 

different forest communities occur on sites subject to temperature 

inversions all include kaikawaka, or mountain cedar (Libocedrus bidwilli). 
Within these forests kaikawaka typically forms a dense upper story with a 

variety of shrub species below. Conifer stands such as kaikawaka and thin-

bark totara along with the angiosperm trees kamahi and southern rata can 

survive severe frost and are common in upland areas as well as cold valley 

floors (Wardle, 1977). 

 Although only a brief summary of these forest types is given here, a 

more comprehensive account of forest communities in the region can be 

found in Wardle (1977; 1980), Duncan et al. (1990), and Norton and 

Leathwick (1990). The regional establishment and regeneration of these 

forests in the Westland area are described next. 

 

3.5 Regeneration by Disturbance 
 

An idiosyncrasy of the Westland forest that has often puzzled 

scientists over the years is the regional dominance of larger trees and 

mature stands, and a lack of smaller to intermediate sized trees. The wide 
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distribution of stands of similar-sized trees, or even-aged cohorts, is another 

noticeable trait (Wells et al., 2001). As early as the 1890s AD, explorer 

Charlie Douglas noted the occurrence of even-aged stands in Westland 

valleys, and he theorized that they were the result of synchronized tree 

regeneration following landslide events. Others speculated there had been a 

failure in tree regeneration, and explanations for this so-called regeneration 

gap have included the increased severity and frequency of droughts, 

declining precipitation, and a cooling climate (Wardle, 1984; Leschen et al., 

2008). Studies of Westland forest age structure have shown that many 

forests of long-lived trees are made up of a patchwork of relatively even-

aged cohorts that established in canopy openings formed by natural 

disturbance (Wells et al., 1998). 

 Whilst the lack of small- to intermediate-sized trees can be explained 

by the discovery that most New Zealand conifers regenerate following 

disturbance, to explain the regional overabundance of mature cohorts the 

pattern of regeneration would necessitate past periods of major, regionally 

synchronous cohort-initiating disturbance, followed by long periods of only 

localized disturbance, such as windthrow, temperature fluctuations, fluvial 

erosion or mass movement events (Ogden and Stewart, 1995; Stewart et al., 

1998; Wells et al., 1998). Although forests can be damaged, and 

reestablishment initiated, due to severe storms, storm effects have 

historically been localized rather than region-wide in Westland (Wells et al., 

1999). Furthermore, New Zealand conifer species only regenerate abundantly 

on bared or recently-created surfaces, and although landsliding, flooding, and 

tree-toppling can occur due to storms and wind, it is known that earthquakes 

and seismic shaking can cause disturbance over a much wider range of 

landforms than an extreme weather event (Yetton, 1998). 

 Despite the early assumption of periods of increased storminess 

leading to the variety of disturbance events on a range of landforms (Grant, 
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1985; Grant, 1989; McFadgen, 1985), more recent paleoseismic research 

suggests a tectonic link (Goff and McFadgen, 2002). Along with major 

periods of river aggradation and coastal dune building, massive earthquakes 

along the Alpine and other faults (Briggs et al., 2018) could cause the 

region-wide, synchronous forest disturbance and forest structure identified in 

the Westland region. Fault trenches have shown direct paleoseismic evidence 

for two fault ruptures in the last 500 years and rockfalls and aggradation 

indirectly imply an even earlier event (Wells et al., 1998; Yetton, 1998).  

Earthquakes can be the dominant factor driving forest dynamics in 

tectonically active regions, as shown by research in Chile (Veblen and 

Ashton, 1978), Argentina (Kitzberger et al., 1995) and New Zealand (Wells 

et al., 1999). Wells et al. (2001, p. 1006), using age structures from 

throughout Westland, found that “extensive, similar-aged, post-earthquake 

cohorts of trees are a feature of the region, suggesting that infrequent, 

massive earthquakes are the dominant coarse-scale disturbance agent, 

triggering episodes of major erosion and sedimentation and leaving a strong 

imprint on the forest structure.” 

Vittoz et al. (2001) show that earthquake impacts can create a range 

of opportunities for regeneration that allow for a coexistence of canopy 

species in mixed forests, leading to differing patterns of composition and 

structure. They state that a site’s susceptibility to earthquake impacts and 

the subsequent variation in the level of damage, from minor branch breakage 

to stand-destroying landslides, influences the structure and composition of 

forest stands in tectonically active landscapes. Duncan (1993) found that 

differences in the stand structure of the podocarp-dominated riparian forests 

on the low-lying alluvial floodplains of the Westland region reflect differences 

in the disturbance history and availability of suitable establishment sites. He 

stated that the frequency and intensity of disturbance, particularly flooding, 

is the most important factor determining whether podocarp species 
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regenerate within a riparian forest. Forests vary with the drainage and 

fertility of the soils and landforms, as well as the slope and parent material 

on which they grow, so periodic flooding can provide a range of 

establishment sites on which different species will have a competitive edge, 

leading to a seeming mosaic of forest types (Duncan, 1993; Rogers, 1997). 

 

3.6 Summary 
 

The present project makes use of forest stands and individual trees to 

determine the ages of various land surfaces in an effort to assess the 

aggradation hazard potential of the Westland area of New Zealand’s South 

Island. Because of the way in which Westland forests regenerate following a 

disturbance, a pulse in tree regeneration that correlates with a sudden peak 

in the age-class distribution of trees in a particular forest stand can indicate 

the existence and distribution of past disturbance episodes. The conifer 

species, and forest types encountered on the West Coast of the South Island 

have been found to be well suited for tree science (abundant, long-lived, 

proven results) and are what have been used in both prior work and for the 

present study. The age of the oldest tree in a cohort is used to estimate the 

minimum age of the event, and when this information is combined with data 

from the wider area, it can help to build a regional picture of the area’s 

disturbance history (Duncan and Stewart, 1991; Wells et al., 1998; Cullen et 

al., 2003). The types of research and the methods used to extract this 

information from the forests and their trees is discussed in the next chapter.  
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Chapter Four 
 

Tree Ring Science 
 

The study of trees and forests and the techniques used to learn from 

them have evolved quite a bit since the early days of tree ring science, with 

new methods being created as new questions are asked of them. Presently, a 

wide variety of scientific disciplines use trees as part of their research in 

some way. At their most basic, tree-ring studies derive variations in 

environmental conditions by evaluating the wood structure of trees in a 

seasonal climate (Speer, 2010). These studies can be made in any part of 

the world where trees add annual rings, such as those in the mid and upper 

latitudes, and even some tropical trees growing in very wet or very dry 

environments (Stokes and Smiley, 1968; Speer, 2010).  

Genetic characteristics as well as many environmental factors can 

affect tree growth, so a variety of tree species on a site, and an assortment 

of sites in one area can provide a range of important information about 

environmental changes that have occurred regionally. Although many 

disciplines use ring width data to understand problems such as climate 

variation, or to create species chronologies from generations of individual 

trees, for the present project tree ring age dating (ring counting) is utilized 

to estimate the ages of Westland river terraces and floodplains in order to 

approximate the timing and spatial extent of past aggradation episodes. A 

brief explanation of tree research and methodology is described below.  
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4.1 Tree Ring Research 

 

 Dendrochronology (from the Greek “dendro,” meaning tree, and 

“chronology,” meaning the study of time) is a technique that has been used 

in tree research to estimate time or record variation in environmental 

conditions since tree studies began (Speer, 2010). Although a relatively 

young science, dendrochronology has roots as far back as Leonardo da Vinci, 

who described the formation of annual rings and speculated that their 

growth was related to weather (Speer, 2010). Early scientists in Europe and 

America concentrated on annual ring numbers and widths, which told stories 

of droughts, wet years, and even air pollution. Robert Hartig, following his 

father Theodore’s studies of wood structure and tree rings, devoted his life 

to tree ring research and by 1901 AD  had written 34 papers on the dating 

of hail, frost, and insect damage, as well as discussions on the ecology and 

anatomy of tree rings. By 1917 AD, over 300 papers had been written on 

the topic and just 20 years after that, in 1937 AD, A.E. Douglass founded 

the world’s first tree ring laboratory at the University of Arizona, USA. His 

dominant influence on the science of dendrochronology is said to be 

unparalleled in any other scientific field (Schweingruber, 1988; Speer, 2010). 

Dendrochronology in New Zealand, and in the southern hemisphere in 

general, had a later start than in the northern hemisphere. The earliest 

record of its use appears to be the dating of a Māori oven, and the overlying 

volcanic deposits (Oliver, 1931), based on the estimated growth rate of a 

large totara. Although anthropological studies using dendrochronology had 

some support in the 1950s AD, not a lot of work was done in New Zealand in 

cultural or archeological research using dendrochronology for some time 

after the 1960s AD (Scott, 1964). Following a visit from staff of the 

University of Arizona’s Tree Ring Laboratory in the late 1970s AD, however, 
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considerable progress was made in dendrochronological research (particularly 

for climate studies) in New Zealand. 

At that time, the first properly cross-dated and replicated tree-ring 

chronologies in New Zealand were created, including 21chronologies 

developed from seven different tree species (Norton and Ogden, 1987). A 

chronology assigns each individual tree ring an exact year of formation by 

using cross-dating to match ring-width patterns between core samples from 

the same tree, and between trees from different locations. This is possible 

because the same or similar factors limit growth of trees at a site or sites in 

a similar way, affecting their annual rings. 

By 1987 AD, 65 chronologies had been created in New Zealand, 

including 32 produced in the South Island (Norton and Ogden, 1987). Cook 

et al. (2002) produced the first millennium-length tree ring chronology using 

silver pine (Manoao (Lagarostrobos) colensoi) growing in a swamp on the 

South Island’s West Coast. It covered the period from 816 AD to 1998 AD 

and was primarily intended to be used for temperature and climatic studies. 

By 2004 AD, around 100 tree ring chronologies had been developed from 

nine different native New Zealand tree species. Kaikawaka (mountain cedar), 

a tree sampled for the present study, consistently produces relatively long 

chronologies, with 12 of the 23 kaikawaka chronologies extending back to 

the 1400s AD (Palmer and Xiong, 2004). In the upper North Island of New 

Zealand, researchers have been developing millennial and multi-millennial 

tree-ring chronologies from kauri (Agathis australis) since the late-1970s AD 

(e.g., Dunwiddie, 1979; Palmer, 1982; Fowler, 1984; Fowler et al., 2004; 

Cook et al., 2006; Boswijk et al, 2006; Boswijk et al., 2014). Kauri is long-

lived and an endemic emergent canopy conifer native to northern New 

Zealand that commonly attain ages of 600–1000 years, supporting the 

development of long dendrochronological records. 
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Kauri chronologies have been used in ecological and climatic studies 

during the past few decades and, with the addition of a collection of late 

Pleistocene sub-fossil kauri log samples older than the Holocene, is giving 

insight into a more complete range of natural climate variability, providing 

useful proxy records of past climate, including paleoclimate reconstruction of 

El Niño-Southern Oscillation (ENSO) activity (e.g. Fowler et al., 2000; Fowler 

et al., 2008; Boswijk et al., 2014; Lorrey et al., 2016; Palmer et al., 2016). 

There is nowhere else in the world with such a rich resource of long-lived 

sub-fossil trees, some giving ages of more than 2000 years (Palmer et al., 

2016). 

Tree ring analysis of kauri sampled from built structures has been 

undertaken since 2000, and while it has its limitations, it has been 

established that the technique can be used to obtain accurate calendar dates 

for timbers used in structures (Boswijk and Jones, 2012). More recently, 

dendrochronology has been used to accurately and precisely date palisade 

posts from a swamp pā (fortified village) with unsurpassed accuracy and 

precision (Hogg et al., 2017), and to date Māori cultural artefacts such as 

waka (canoes) (Boswijk and Johns, 2018). It is hoped that this work will lead 

to more studies of Māori waka and other cultural artefacts, possibly using 

alternative tree species (matai, miro, totara) as well as kauri for 

dendroarcheological research (Boswijk et al., 2019). 

Over the last century, tree ring research has developed considerably, 

and many laboratories have sprung up around the world. Because trees 

record any environmental factor that limits a process affecting the growth of 

tree ring structures from one season to the next, whether directly or 

indirectly, they are considered a useful tool for monitoring many types of 

events (Speer, 2010). Trees have not only been used to create a history of 

climatic factors (dendroclimatology), but to study disturbance events 

created by glaciers (dendroglaciology) and volcanos (dendrovolcanology), 
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avalanche (dendroniveology) and other geomorphic processes such as 

rockfall, flooding and debris flow episodes (e.g., Franco-Ramos et al., 2013; 

Meseșan et al., 2019; Stoffel et al., 2005; Schneuwly and Stoffel, 2008; 

Stoffel and Bollschweiler, 2009; Ruiz-Villanueva, 2012; Strunk, 1997). 

Coined by Alestalo (1971) the analysis of growth reactions of trees affected 

by geomorphological processes using dendrochronological methods has been 

termed “dendrogeomorphology.” This type of research involves the study of 

forest damage or mortality due to some kind of disturbance. 

Damage and mortality in established forest trees can be instigated by 

many kinds of disturbance events (insects, fires, floods, landslides, 

windstorms, earthquakes) and all may produce openings in the canopy or 

even a denuded surface, providing opportunities for new trees to colonize. 

For example, extra-tropical cyclones or westerly air flows that intensify due 

to topography can cause severe wind damage to New Zealand forests. The 

forest response to this damage differs according to a number of factors, 

including its species composition and the topography and soil characteristics 

of the site, the variability in tree density and canopy height of the forest, 

individual tree size and species, and the differences in wood strength and 

rooting depth. Forest response to disturbance may manifest in a number of 

ways: damaged stems will sprout, new individuals will recruit to gaps in the 

canopy, individual trees that previously experienced intense competition may 

release (have improved growth - wider rings), and conversely some canopy 

species may be suppressed (have slowed growth - narrower rings) by fast-

growing shrubs, vines, and herbs (Martin and Ogden, 2006). Other 

disturbance events will produce similar forest response and, depending on 

the severity of the disturbance, can create entirely new ground surfaces, 

which will likely be colonized by new forest stands (Wells et al., 1998). 

Originally, dendrogeomorphology was mainly used to build a picture of 

the frequency and dates of past processes or events, however it has 
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subsequently become very useful in determining spatial phenomena, such as 

lateral spread or landslide runout distance, in addition to the temporal 

information on geomorphic processes and natural hazards. When combined 

with meteorological data, tree ring data can be analyzed for indications of 

the causal triggers of disturbance events, as well as the magnitude of the 

disturbance (Speer, 2010; Schneuwly-Bollschweiler and Stoffel, 2013). 

In Westland, New Zealand, windstorms, floods, sedimentation, 

earthquakes, and landslides are the most common types of upheaval, and the 

canopy openings and new ground surfaces that they produce create 

opportunities for new trees to grow. Favorable circumstances for successful 

establishment are limited for many light-demanding tree species such as 

southern beech (Nothofagus Fuscospora and Lophozonia ) and the New 

Zealand conifers, which have only a relatively short period of time to 

establish following a disturbance event, so the development of approximately 

even-aged forest stands are the frequent outcome in these disturbed areas 

(Ogden, 1985; Wells et al., 1998). It is from these relatively evenly aged 

forest stands, or cohorts, of trees colonizing a new surface following a 

disturbance event that the incidence and distribution of past disturbance 

events can be inferred. 

 When looking at tree ring age data, a pulse in tree regeneration (or 

the initiation of a disturbance-related cohort) is indicated by a distinct peak 

in the age class distribution within an individual stand. The oldest trees in a 

cohort can be used to estimate an approximate minimum age date for the 

disturbance event that enabled their growth, and when data from a number 

of cohorts in a particular area are combined, the disturbance event history of 

a larger region can be reconstructed (Wells et al., 1998). There have been a 

range of studies making use of tree rings in the South Island, many of which 

were located in the Westland area where the present study is situated. 

Insight gained from ecological and dendrochronological inquiries into forest 
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structure and succession in the Westland area is the basis for determining its 

disturbance history. 

 

4.2 Westland Datasets 

 

There have been a number of studies in the Westland area that have 

utilized tree data and, along with additional information collected from five 

river catchments in the Westland region, the present study makes use of the 

substantial forest structure and tree ring datasets acquired by prior 

researchers. Most of the previous data were collected in the decades 

spanning the 1970s AD through the early-2000s AD by various authors 

undertaking research into conifer tree species, population dynamics, and 

forest response to disturbance (Wardle, 1974; Veblen and Stewart, 1982; 

Norton, 1983; Stewart and Rose, 1989; Duncan, 1989; Duncan, 1991; 

Cornere, 1992; Rogers, 1995; Van Uden, 1997; Stewart et al, 1998; Wells, 

1998; Wells et al., 1999; Cullen et al., 2003). 

To aid in the investigation of Westland forest patterns and their 

disturbance history, Wells et al. (1998) collated the data on the diameter 

and age of trees within 60 stands gathered previously throughout Westland. 

The forests there tend toward predominantly mature trees with a notable 

scarcity of young ones. To get an idea of the timing of cohort establishment 

and the history of major disturbance in Westland, they combined the ages of 

the oldest tree in each of 80 cohorts to estimate the initiation dates at 

which the approximately even-aged forest cohorts established after major 

disturbance. They found two periods of greatly increased cohort 

establishment about 200-300, and 500-550 years ago, which they thought 

closely coincided with estimates of the timing of two of the last three major 

earthquakes attributed to the Alpine fault, and probably less closely 

coincided with possible periods of increased storminess nationwide. 
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The following year, Wells et al. (1999) used four methods to 

investigate the earthquake history of the central Alpine fault over the past 

600 years. First, by trenching at five locations across the active fault, the 

study found two on-fault ruptures in the past 450 years. However, more 

evidence of the two earthquakes, and a better resolution of their extent and 

timing, was determined by using trees as three indirect indicators: age-dating 

episodes of (1) aggradation, (2) landsliding, and (3) tree ring growth 

anomalies. From the 80 forest cohorts collated the previous year, 54 cohorts 

with detailed tree-age information were selected, and five new cohorts were 

added for a total of 59 cohorts analyzed. Eighteen of the cohorts had 

established on prehistoric landslides, floodplains, and river terraces, while 

41of them had colonized on hillsides, and old moraines. The study found that 

in the past 600 years, the combined paleoseismic data supplied evidence for 

three large earthquakes approximately occurring in the years 1460, 1630, 

and 1717 AD (figure 4.2.1). These dates broadly coincide with other 

independent evidence for earthquakes at these times (Cooper and Norris, 

1990).  
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Figure 4.2.1. Evidence for Alpine 
fault earthquakes in Westland. 
 

A. Terrace and landslide age 
ranges for 19 dated examples 
within 10 km of the Alpine fault 
in north and central Westland, 
and date ranges for the two 
most recent earthquakes 
acquired by trenching. 

 
 
B. Establishment dates for 59 
cohorts of trees within 15 km of 
the Alpine fault in Westland. 

 
(from Wells et al., 1999, figure 2). 

Two years later Wells et al. (2001) looked at the importance of 

infrequent, large, earthquake-induced disturbance events on forest structure. 

Fifty-one cohorts from two study sites in the upper catchment of the 

Karangarua and Copland rivers were found to have initiated within the last 

650 years. Four distinct episodes of forest initiation were perceived as 

pulses in the age distribution of all dated trees in the catchment and, 

because all but one cohort established on surfaces formed by erosion or 

sedimentation, these episodes were deemed to represent catchment-wide, 

major natural disturbances. Named for locations where large surfaces 

associated with each episode were formed, they called them the Junction 

(1460 AD), McTaggart (1610-1620 AD), Sparkling (1710-1720 AD), and 

Ruera (1820-1830 AD) erosion/sedimentation episodes. 
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Although these episodes represent only 37% of the last 650 years, 

92% of the cohorts and 90% of the sampled trees were established during 

this time. Also, although the estimated ages of disturbance events in each 

episode fell within a span of 31-53 years, over half of the events were within 

a 20-year period, showing a strong synchrony of disturbance in each episode 

of establishment. They felt the dataset showed that three disturbance 

episodes coincide with the three most recent Alpine fault earthquakes 

(c.1460, c.1630, and 1717 AD), while a fourth one coincides with an 

earthquake recorded in 1826 AD to the south of the study catchment. More 

recently, the c.1630 earthquake is thought not to have occurred on the 

Alpine fault, but on another fault within the Southern Alps (Briggs et al., 

2018). This more detailed study in the Karangarua catchment compared 

favorably with their earlier study using the larger range of trees from 

elsewhere in Westland. 

Cullen et al. (2003) assessed the spatial variation in earthquake 

effects on Westland forests on both a floodplain and regional scale. They 

used the existing dataset of 59 cohorts from Wells et al. (1999), the 51 

cohorts from Wells et al. (2001), and 16 additional cohorts. In total, they 

had estimated initiation dates for 126 cohorts of trees along 280 km of 

Westland. One of the additional cohorts, located on the floodplain of the 

Waiho river, was taken from Wardle (1974) and Duncan (1989). The others 

were sampled by Cullen et al. (2003) with one cohort situated on the 

floodplain near the mouth of the Wanganui river, and the remaining 14 

cohorts located on the Whataroa river floodplain. Their findings corroborate 

those of Wells et al. (2001) in that four episodes of disturbance-initiated 

cohort establishment were determined. They concluded that three episodes 

were associated with Alpine fault earthquakes (1460, 1610-20, and 1717 

AD), with the fourth corresponding to an 1826 AD earthquake within 

Fiordland (figure 4.2.2). 
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Figure 4.2.2. Age frequency distribution for 126 Westland forest cohorts. 
Earthquake events are indicated by dashed lines (Cullen et al., 2003, figure 
2). 
 

Ultimately, what the data show is that extensive, region-wide post-

earthquake cohorts of trees of a similar-age are a feature of the Westland 

area, implying that impacts from infrequent but massive earthquakes are the 

most influential large-scale disturbance agent in Westland, presumably 

because they trigger major episodes of erosion and sedimentation that can 

be synchronous and severe at a truly regional scale (Wells et al., 2001). In an 

effort to aid in preparation for and management of such hazards, the present 

study aims to develop a general picture of the event history and spatial 

extent of aggradation in Westland river catchments, something that has not 

been done previously. 

 

 



 89 

4.3 The Present Study 

 

Expanding on the prior work of dated forest cohorts for disturbance 

research, the present study uses datasets from those previous Westland 

studies, along with additional data gathered from forest cohorts within 

Westland, in an effort to reconstruct the narrative of aggradation episodes 

both in individual catchments, and throughout the region. Sites for the 

present study were chosen to complement the prior data, to enhance 

knowledge of the previously-studied catchments and to further 

understanding of the aggradation history of the Westland region as a whole. 

In catchments with datasets obtained on floodplains, for example, an effort 

was made to retrieve data from upstream terraces, and where there were 

data from upstream, floodplains were targeted. The species sampled and 

techniques used for the present study were closely similar to those used in 

past studies, and sample analyses were likewise performed within the 

guidelines and limitations set out by previous researchers (Norton and 

Ogden, 1987; Norton et al., 1987; Stokes and Smiley, 1968; Wells et al., 

2001). 

The present study uses 51 of the 59 cohorts from Wells et al. (1999), 

excluding eight cohorts considered to be either too far outside the Westland 

district to be of good use, or from surfaces such as old moraines that are 

not relevant to this study. Fourteen of these 51 cohorts come from 

scattered sites north of the Wanganui River (Norton, 1983; Stewart and 

Rose, 1989; Veblen and Stewart, 1982; Wells et al., 1998), 28 cohorts are 

from the central Westland area between the Wanganui and Karangarua rivers 

(Cornere, 1992; Duncan, 1989; Rogers, 1995; Stewart et al., 1998; Van 

Uden, 1997; Wells et al., 1998), and 9 cohorts come from south of the 

Karangarua River (Duncan, 1991). The 51 cohorts from the Karangarua 

catchment (Wells et al., 2001) were also included in this study, as were the 



 90 

16 cohorts analyzed by Cullen et al. (2003). Augmenting this dataset of 118 

previously-obtained forest cohorts, are 14 new cohorts from 18 study sites 

within five river catchments in central and southern Westland that were 

obtained for the present study, increasing the dataset to a total of 132 

cohorts from locations throughout the Westland region (figure 4.3.1). 

 

 
 
Figure 4.3.1. Present and previous study site locations in and around the 
Westland district (Cartography by Tim Nolan). 
 

In order to collect and analyze samples for a tree ring study, there are 

a number of processes and protocols that need to be understood and 

followed. The next section gives a brief description of tree growth and tree 

ring formation, explaining the founding principles of tree ring research. The 

sample types and equipment used for tree sampling (either a cross section 

of a tree, or a core taken from a tree with an increment borer) are listed, and 
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the steps taken to prepare and analyze samples are described. Finally, the 

problems and errors associated with this tree ring age-dating technique are 

discussed. 

 

4.4 Tree Growth and Ring Formation 
 

Tree growth depends on a series of intricate interactions between 

environmental factors and genetic makeup. The water, nutrients, and radiant 

energy necessary for metabolic and photosynthetic processes come from the 

environment, and any one of them can affect whether the tree will grow to 

its full genetic potential. The genetic make-up of the tree accounts for the 

tolerance an individual tree will have for a particular environment, and how it 

will respond to various environmental factors (Stokes and Smiley, 1968). In 

climates with a discrete growing season, trees put on new wood annually in 

separate layers beneath the bark. Rapid growth of low-density wood 

containing large cells (earlywood) occurs in the summer and wet season, and 

slower growth of finer, denser wood (latewood) is produced in the winter 

(Burbank and Anderson, 2001). 

The juxtaposition of these two layers of wood growth, the latewood 

cells of one growing season and the earlywood formed first during the 

following growing season, is what delineates the boundary of an annual ring 

(Shroder, Jr., 1980). Growing both upward and outward, a tree can be 

pictured as a series of stacked cones that are representative of a complete 

growth of wood for each year. A cross section taken at any position would 

show each cone as a ring and, generally, this annual addition is continuous 

throughout the tree, which allows for age-dating (figure 4.4.1) (Stokes and 

Smiley, 1968; Shroder Jr., 1980; Speer, 2010). 
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a)      b)  
 
Figure 4.4.1. a) Stacked road cones illustrating annual tree growth, and b) a 
cross section of a tree showing annual growth rings (photos a) J. Blagen and 
b) Woodcarving, 2019). 
 

4.5 Age Estimation 
 

 Using trees to age date any land surface, such as a landslide, glacial 

moraine, river terrace or floodplain, is usually determined by estimating tree 

age with ring counts of cross sections or increment cores (Norton and 

Ogden, 1987; Norton et al., 1987). The increment borer is widely used in 

many types of tree studies as it allows a tree to be sampled without the 

need to cut it down. The borer (figure 4.5.1) is designed to remove a core 

from a tree (perpendicular to its trunk) that is a mere 5 mm in diameter, 

doing little physical harm to the tree but permitting an annual ring count and 

ring widths to be measured. Details of sampling procedures can be found in 

Stokes and Smiley (1968).
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Figure 4.5.1. Increment borer and 
5mm diameter tree core (photo J. 
Blagen).

 
In an ideal situation, determining the true age of a new ground surface 

can be quite precise if the oldest tree growing on a terrace or floodplain can 

be found, cored, and dated, and if it belonged to the first cohort of trees to 

colonize the new surface (Pierson, 2007). This last condition is important 

because, as Jacoby (2000, p. 2-29) put it, “trees tend to have a certain 

longevity according to species and environment. Beyond this age they will 

die and be replaced. Eventually the maximum ages will be due to longevity 

and not to the time of original afforestation.” So, in order to age-date the 

surface on which they are growing, it is important to attempt to sample the 

oldest trees of an even-aged cohort of trees that are, to the best 

knowledge, the first stand to grow following disturbance. Because 

circumstances in the natural world are unfortunately not ideal, tree age 

estimates generally only give a minimum age for a particular surface. If the 

cored trees are not members of the group to first colonize a surface, its age 

is estimated to be younger than the actual surface age (Norton and Ogden, 

1987; Norton et al., 1987). 

 

Colonization Time Gap 
 

 There are two further things to take into account when estimating 

dates for newly-formed land surfaces. The first is the time lag between when 
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the event occurred that created the surface, and when trees first established 

on the site. This time, called ecesis, will vary greatly based on whether there 

is a proximate seed source, a way to transport those seeds, a suitable 

growing substrate for the species, and favorable climatic conditions (Jacoby, 

2000; Speer, 2010). The second is the time it takes from when seeds 

germinate on the surface to when the trees reach coring height, which is 

generally considered to be breast height (BH), or about 1.4 m above the 

ground. The two time intervals are together sometimes referred to as the 

colonization time gap, depicted in figure 4.5.2. (Pierson, 2007). This time 

gap must be estimated for the particular species used in a study (through 

observation following known disturbance) and added to the ring count for 

each tree. 

 

 
 
Figure 4.5.2. Timeline showing the basis for geomorphic surface age-dating. 
Beginning from the time the surface was created until a tree growing on that 
surface is cored at breast height (BH) (From Pierson, 2007, figure 1). 
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Generally, the oldest tree of a cohort is used to date the surface on 

which it is growing. However, this method can underestimate the true age of 

the surface if the delay due to colonization and growth to coring height 

(about 1.4 m above the ground) is not considered. Wells et al. (1999) 

quantified this time period in Westland by locating 19 surfaces that have a 

known disturbance date, as well as a known time period for the first tree to 

colonize and grow to coring height. The delay times ranged from five to 40 

years, with a median of 28 years. Finding that most of the conifer trees 

gained coring height around the median time delay, they chose 28 years as 

the delay time. For angiosperms, they estimated a delay time of 20 years. 

Therefore, for the existing Westland studies referred to here, as well as for 

the present study, an age of 28 years for conifers, and 20 years for 

angiosperms was added to the ring count for colonization and growth to 

coring height (Wells et al., 1999). 

 
4.6 Sampling and Preparation 
 

Using techniques and processes employed in the previous studies 

(Duncan, 1989; Wells et al., 1998,1999, 2001; Cullen et al., 2003), 535 

trees were cored using a Haglof increment borer for the present study. As in 

the previous studies, New Zealand conifers, especially those of the podocarp 

family, were the most commonly cored trees for the present study, 

depending on the topography of the study site, and its location within 

Westland. Kahikatea, miro, matai, totara and rimu were the most frequently 

cored species, although kaikawaka was the most cored species in the 

Omoeroa catchment, and in the southern Waiatoto catchment a number of 

silver beech trees were also cored. Not only are the Podocarps the most 

common large trees in Westland, but these species have also been sampled 
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by many other researchers and have been found to be relatively reliable for 

age dating. 

 

Tree selection and Sample Analysis 
 

Individual trees within a certain land area were generally chosen on the 

basis of their accessibility and size. Although size is not necessarily an 

indication of age, a larger diameter tree is likely to be older than one of 

smaller diameter, so an attempt was made to core the biggest trees in the 

hopes of dating the oldest. An attempt was made to core 20 or more trees 

per surface at each study site, although at some sites time and/or a lack of 

suitable trees prevented this. A number of sites from the prior work done in 

the region and used for the present study also sampled fewer than 20 trees. 

Furthermore, the criteria used here to ensure a high-quality data set 

necessitated the elimination of some cores, reducing the number of cored 

trees at some sites (discussed in the following paragraphs, Wells et al., 

1998, 2001). 

Cores were mounted and sanded with six sequentially finer grades of 

sandpaper until the annual rings were clearly visible when viewed under a 

binocular microscope. The rings were then counted from the bark end inward 

to determine the age of the tree. Three types of cores were observed during 

this process, those that reached the pith (the center of the tree, formed as 

the stem increases in height), those that approached the pith closely enough 

to the center to discern ring arcs, and those that reached neither (Figure 

4.6.1). 
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a)  b)  c)  
 
Figure 4.6.1. Examples of core types. a) Core hits center pith, b) Core hits 
arcs around center, and c) Short core hitting neither pith nor arcs (photos J. 
Blagen). 
 

If the core reached the center pith, the age of the tree was considered 

to be that of the ring count (Speer, 2010). Tree cores that did not reach the 

center were evaluated using techniques outlined in Norton et al. (1987) and 

Duncan (1989). If the core exhibited arcs, a compass was used to measure 

the missing radius to the chronological center, which was then divided by an 

average width of the innermost 20 rings to estimate the number of rings 

missing from the core sample. The age of these trees was considered to be 

the ring count plus the number of estimated missing rings. Following Wells et 

al. (2001), in an effort to make sure the data was as rigorous as possible, if 

a partial core with arcs missed the pith by greater than an estimated five 

centimeters, the tree was excluded from the data set. 

 If a core reached neither the center nor the ring arcs, the missing 

length from the end of the core sample to the geometric center of the tree 

was estimated using the measured diameter of the tree. The geometric 

radius, minus the length of the core sample, gives an estimated missing 

length of core. As with cores that reach the arcs, the missing length of core 

was divided by the average width of the innermost 20 rings of the tree to 

estimate the number of rings missing from the ring count due to the partial 

core length. This number was then added to the number of rings counted to 

estimate the age of the tree. For more rigorous data in this case, again 

following the procedures of Wells et al. (2001), if a short core without arcs 
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was less than 70% of the geometric radius, the tree was excluded from the 

data set. 

 

Cohort Identification 
 

Age-frequency diagrams with 25-year bins are used in this study to 

help distinguish cohorts, which, as outlined in Wells et al. (1998), are 

recognized by a distinct onset of high tree establishment. The 25-year 

interval was chosen to correlate with the data of previous studies, facilitating 

merging of datasets and comparison. The present study also uses two 

criteria described in Wells et al. (1998) to define a cohort as even-aged. The 

first requires that greater than 60% of the trees established within an 

interval of 150 years, and the second requires that greater than 90% of 

trees established within 350 years. A typical even-aged forest cohort can be 

seen in figure 4.6.2. 

 

 
 
Figure 4.6.2. View of a typical even-aged cohort of totara trees as seen on 
the Wanganui floodplain (photo J. Blagen). 
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4.7 Errors 
 

The estimated age of the oldest colonizing tree on a particular surface 

will underestimate the actual date of surface formation and that of the event 

that caused the disturbance for three main reasons (Norton et al. 1987; 

Norton and Ogden, 1990). First of all, there is a variation from tree to tree in 

the time required for colonization and growth to coring height, so a standard 

number added to a ring count for that time period will not be accurate for 

every tree. Secondly, it is hard to know which trees are the oldest at a site 

and there is a possibility that the first colonizing tree on the surface will not 

be cored, underestimating the date of surface formation. And thirdly, there 

are errors inherent in estimating ages from increment cores, including 

anomalous growth rings and uncertainty when cores do not reach the pith. 

 

Tree Variability 
 

The difference in the time taken for trees to colonize and grow to 

coring height following an initiating disturbance event can be affected by a 

number of factors. The size of the bared surface can influence the amount of 

competition between species, and the proximity of the site to mature 

vegetation will affect the availability of colonizing seeds. The extent of 

continuing destabilization and reworking of the surface over the ensuing few 

decades, as well as the growth rates and site requirements of the colonizing 

species also contribute to surface colonization times. Therefore, some error 

is introduced to surface age date estimates when using a standard number 

of years as an addition to ring count. As noted above, a standard number of 

years is added to estimated dates in the present study based on observed 

colonization delays outlined by Wells et al. (1999), assigning an additional 28 
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growth rings for conifer species (20 for angiosperms) to the actual ring 

count. 

 

Oldest Trees 
 

Next, it is often not possible to core every tree on a given surface, so 

there is a chance that the very oldest colonizing tree on that surface will not 

be cored, resulting in a younger age being given to that surface. In addition, 

cohorts in the Westland area commonly have a few older trees that establish 

20-30 years ahead of the main pulse of recruitment, so it is likely that the 

small number of rapid colonizers will be missed when coring, which also 

results in an underestimate of the surface age (Wells et al., 1999). Another 

aspect that can add confusion to oldest tree age estimates is that certain 

tree species (especially totara) can survive an aggradation event by growing 

adventitious roots, which are a second tier of roots above the original 

primary root system buried in the event (Foweraker, 1929). These trees, 

therefore, could potentially be much older than the surface being dated. 

 

Ring Anomalies 
 

Estimating tree age from increment cores also involves some possible 

associated errors. Ring counts can be complicated by two types of growth 

anomalies, the first being false rings, which result from extreme 

environmental conditions such as cold or drought occurring during the 

growing season. This causes diffuse bands of smaller, thick-walled cells to 

form in the middle of the growth ring (resembling an annual ring) and, if 

counted, will overestimate a tree’s age. The second type, locally absent or 

missing rings, appears to occur for two reasons. Firstly, during 

environmentally limiting years, rings sometimes form incompletely in trees 
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growing near the limits of their range (Norton, 1985). Secondly, certain 

segments of a tree’s circumference sometimes have rapid radial growth over 

a period of years, while other segments grow extremely slowly (Norton and 

Ogden, 1990). Because the thickness of the annual growth cone is not 

uniform around the circumference of the tree, the ring widths will vary 

slightly at different sampling sites and, in some places may not show at all, 

which results in underestimation of tree age (Norton et al., 1987). The death 

or development of major branches is another cause of this anomaly, also 

known as ring wedging and can be quite pronounced in conifers such as rimu 

(figure 4.7.1) (Norton and Ogden, 1990). 

 

 
 
Figure 4.7.1. Example of ring wedging in a cross section of a matai tree 
(photo Claude Grayson). 
 
 

Although these anomalous rings complicate age estimates, in general 

these variations are significantly exceeded by the tree’s annual growth, so 

the ring pattern from one sample to another on the same tree is not 

drastically different (Stokes and Smiley, 1968). When possible, it is prudent 
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to take more than one core from the same tree and use that which has the 

higher ring count but, due to time constraints, usually only one core per tree 

was taken for the present study. It was decided that coring more trees was 

preferable to more cores from fewer trees, because it gave a better chance 

of coring the oldest tree on the surface. Although cross-dating (matching of 

ring width patterns between trees) is helpful to eliminate this problem, cross-

dating was not possible in the temperate, low-elevation environment of the 

study area, so this error was minimized as much as possible by coring trees 

along the longest radius (Duncan, 1989). It is also assumed that there are 

not likely to be many missing rings present in the conifer species cored here 

because the early colonization of disturbance-initiated new surfaces in 

Westland tend to produce trees that grow rapidly, with few periods of 

narrow ring growth (Wells, 1998). 

 

Human Error 
 

The final error is one that nobody can escape. There are a number of 

ways in which the final estimate of an age date for a tree can be 

compromised by human error. First of all, my ability at gathering core 

samples went through a learning curve, and some cores were better 

extracted than others. Also, some of my samples could have been badly 

prepared, perhaps I did not sand some cores well enough to catch the 

narrowest of rings. Although I generally counted each core at least two or 

three times, I could have miscounted the absolute number of rings in 

individual tree cores, especially as counting sessions ran long, and eye 

fatigue may have set in. As in anything, my capability increased as the 

process moved forward in time, and I hope that accuracy increased and 

errors decreased, as well. 
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Total Error 
 

Date estimates of disturbance events, or the new surfaces created by 

them, will contain errors due to the variation in individual colonization delay, 

but missing rings and estimated additional rings for cores that did not 

intersect the pith will limit the accuracy of estimated tree ages to about ±0-

5% of the true age (Norton et al., 1987; Duncan, 1989; Stewart and White, 

1995). Based on the Karangarua study, Wells et al. (1999) estimated that 

the combined error in dating a disturbance event based on tree ages could 

vary from about 5-55 years, with an expected range of ±25 years for 

sampled cohorts that were initiated by the same disturbance event. 

However, although there are errors inherent in individual tree age dates, the 

present study is interested in an approximation of a minimum surface age 

and incorporates multiple surface dates from multiple catchments 

throughout Westland. This greatly expands the number of estimated dates 

and makes for a better average, which leads to a much more robust 

estimation of regional events. 

 

4.8 Summary 
 

Tree ring science and the techniques used for it have evolved 

considerably since the early days of tree research. From climate science and 

archeological studies, to landscape and geomorphic inquiries, tree ring 

research has branched out, so to speak, in many directions. For the present 

study, the ages of river terraces and floodplains were estimated using tree 

ring age dating (ring counting) in order to gain an insight into the timing and 

spatial extent of past aggradation episodes in Westland with the aim of 
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aiding in emergency response preparation for such an event. This was 

accomplished through the following steps. 
1. Five hundred and thirty-five trees were cored at 18 study sites within 

five Westland river catchments, adding 14 new tree cohorts to the 

118 from prior workers for a total of 132 cohorts assessed. 

2. Cores were prepared and analyzed using the techniques outlined in 

Duncan (1989). 

a) If a core reached the pith, the age of the tree was estimated as the 

ring count. 

b) If a core did not reach the pith, but had ring arcs, the missing radius 

was estimated using a compass, and the number of missing rings 

calculated using the average width of the innermost 20 rings. The 

age of the tree was estimated as the ring count plus the number of 

calculated missing rings. If the core missed the pith by greater than 

an estimated five centimeters the tree was excluded from the 

dataset (Wells et al., 2001). 

c) If a core did not reach the pith and did not have ring arcs, the 

missing length was estimated using the measured diameter of the 

tree and the number of missing rings was calculated using the 

average width of the innermost 20 rings. The age of the tree was 

estimated as the ring count plus the number of calculated missing 

rings. If this type of partial core, without ring arcs, was less than 

70% of the geometric radius, the tree was excluded from the data 

set (Wells et al., 2001). 

 

3. All tree age estimates include an addition of 28 years for conifers, and 

20 years for angiosperms to account for colonization and growth to 

coring height (Wells et al., 1999). 
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4. Two criteria were used to define a tree cohort as even-aged (Wells et 

al., 1998). 

a) Greater than 60% of the trees in the cohort established within an 

interval of 150 years. 

b) Greater than 90% of trees in the cohort established within 350 

years. 

 

5. In order to facilitate merging of datasets and comparison with previous 

studies, a 25-year bin interval was chosen for the age data histograms 

presented in the results chapter. 

 

An attempt was made to minimize error due to ring growth anomalies 

by coring trees along the longest radius (Duncan, 1989), and it was assumed 

that because the early colonization of disturbance-initiated new surfaces in 

Westland tend to produce trees that grow rapidly with few periods of narrow 

ring growth (Wells, 1998), there likely are not many missing rings present in 

the conifer species cored for the present study. Although dates of individual 

trees may have inherent errors due to growth anomalies, partial core 

limitations, and human error, the present study is interested in gaining an 

approximate minimum age for disturbance-initiated surfaces and so these 

errors are less worrying. Incorporating multiple dates from multiple 

catchments throughout Westland greatly enhances the reliability of the age 

estimates of disturbance events.  
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Chapter Five 
 

Study Sites and Results 
 

The aim of the present study is to map past aggradation events within 

river catchments of the Westland district, on the West Coast of the South 

Island of New Zealand, in order to assist planning and emergency response in 

the event of a future major earthquake resulting in aggradation hazards. To 

achieve the objectives necessary to further this aim, tree ring age dating has 

been employed as a method to find minimum age estimates for land surfaces 

within the Westland region, and from them to infer the temporal and spatial 

extent of aggradation disturbance events. Individual catchments and 

sampling locations were chosen to complement the existing study sites of 

prior work, either by sampling a new catchment that may help to enhance 

knowledge of the Westland region as a whole, or by adding additional up or 

downstream sites to a river catchment already sampled in an effort to 

achieve a better understanding of that catchment. Site choice was also 

predicated on such factors as river surface type (terrace or floodplain), 

adequate forest coverage, suitable tree species, and relative accessibility. 

 The results of the present study are represented as histograms, or 

age-frequency diagrams, derived from the age estimates for every site in 

each catchment sampled. Divided into 25 yr bins, as was done for prior 

studies, the histograms show the number of trees (y axis) that fall into 

chronological 25 yr bins (x axis) at each site. From the pattern of trees 

depicted on the diagram, it is possible to discern a disturbance-initiated 

cohort of trees by a distinct peak in age class. Other possible outcomes 

include early colonizer trees, multiple cohorts, and all-aged sites with no 

disturbance-initiated stands. In some cases, hints of a pattern might be 
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there, but more trees need to be dated to refine it. Although time and 

funding limited the number of trees cored for the present study, it is hoped 

that future researchers will add to the Westland datasets 

 

5.1 The Study Area 
 

From the Taramakau River in the north to Big Bay in the south, the 

Westland district extends for nearly 400 kilometers (Figure 1.1). It occupies 

approximately 11,880 km² and is bordered by the main divide of the 

Southern Alps to the east and the Tasman Sea to the west (Westland 

District Council, 2017). The region as a whole has a common geological 

history with Alpine fault movement and rapid erosion by landslides and rivers 

combining to shape the landscape, which has been heavily glaciated in the 

distant past (Whitehouse, 1988). It has a mean annual rainfall of up to 15 

meters or more in the ranges, falling to around 2-3 meters at the coast 

(Chinn, 1979; Griffiths and McSaveney, 1983; Henderson and Thompson, 

1999), with erosion rates, averaged by area, of up to 18mm/yr in some 

catchments (Griffiths and McSaveney, 1986). 

Towards the main divide, the region is characterized by steep, rugged 

terrain crossed by northwest trending rivers, which flow through bedrock 

gorges and incised or aggraded valleys in the mountains, evolving into wider, 

braided channels as they discharge onto the lowlands, where they then flow 

relatively unimpeded to the Tasman Sea. The Alpine fault abruptly delineates 

the transition from the mountain landscape of the Southern Alps in the east, 

to the piedmont lowlands to the west. These lowlands are dominated by 

floodplains, outwash surfaces, and blocks of moraine and dissected hill 

country (Mew and Palmer, 1989). Distinctive forest structure and species 

composition are driven by surface age, slope, and drainage, which relate to 
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landform. This is the basis for the dendrogeomorphological techniques used 

in this study to age date river surfaces such as terraces and floodplains. 

 

5.2 Wanganui River 
 

The Wanganui River catchment is the farthest north of the five river 

catchments that were used in this study (figure 3.1.1) and is approximately 

40,000 hectares in size (400 km2). Located 72 km southeast of Hokitika at 

State Highway 6 (SH6), it flows northwest from its headwaters in the 

Southern Alps for 55 kilometers before entering the Tasman Sea near Lake 

Ianthe. The forest is typical of central Westland, lacking beech trees, and 

with canopies dominated by southern rata, kamahi, Hall's totara, and at lower 

altitudes, rimu is common. The upper Wanganui River Valley is bordered to 

the north by the Smyth Range, with the Willberg Range to the south, and the 

Lord Range and Mt. Whitcombe to the east. Mt. Evans and the Bracken 

Snowfield are at the northeast end of the catchment, and the main 

tributaries are the Lambert and Adams rivers coming in from the south. The 

valley is mostly bounded by steep sided mountains with occasional grassy or 

gravely flats on the sides, as can be seen in figure 5.2.1. 
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Figure 5.2.1. Wanganui river valley 
looking east toward Mt. Whitcombe 
and the Lord Range, with the 
Smyth Range on the left, and the 
Willberg Range to the right (photo 
J. Blagen). 

 

Trees were cored at eight sites within this catchment, both upstream 

of the Alpine fault and on the floodplain below. The tree species cored at 

each site can be seen in table 5.2.1 and all raw tree data can be found in the 

spreadsheets of appendix one. Sites W5 and W6 are the farthest upstream, 

on river terraces near Hunters Hut (figure 5.2.2). They are situated just 

upstream of the confluence with the Adams and Lambert Rivers, on the 

Wanganui River’s true left. Site W4 is just across the river from Hunters Hut 

on Jones Flat, and Sites W7 and W8 are near each other, also on the true 

right, just downstream of the Wanganui rock quarry. Site W1 is on the upper 

floodplain, true left, downstream of both the Alpine fault and SH6. Sites W2 

and W3 are on the lower floodplain, farther away from the Wanganui River, 

and situated on either side of the La Fontaine stream. The last site is a large 

dataset acquired by Cullen et al. (2003) that spans a sizeable area near the 

river mouth. 
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Table 5.2.1. Tree species cored at the Wanganui study sites. 
 

Wanganui                 
  W1 W2 W3 W4 W5 W6 W7 W8 
kahikatea 0 0 1 10 1 6 0 0 
matai 11 3 4 0 0 1 0 0 
miro 0 0 0 0 17 2 1 0 
rimu 0 0 0 0 10 14 6 0 
totara 18 11 10 5 0 7 0 3 
total trees 29 14 15 15 28 30 7 3 

 
 

 
 
Figure 5.2.2. Wanganui River study sites. Red dots for this project, a blue dot 
for the Cullen et al. (2003) site, SH6 and the Alpine fault surface trace are 
the yellow and red lines, respectively, and the white arrow marks the point of 
view for figure 5.2.1 (from Google Earth, 2020). 
 

5.2.1 
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Beginning at the sites farthest upstream, sites W4, W5, and W6 can 

be seen in figure 5.2.3. Site W5 shares a terrace with Hunters Hut, 

approximately 20 m above the active riverbed. On the Wanganui’s true left, 

this terrace is a short way up the Lambert River drainage (on its true right) 

and extends from approximately opposite where the Adams River flows into 

the Lambert, downstream to near Hunters Hut. It is the second terrace up 

from the river, and is mostly populated by bigger, older rimu and miro. There 

is an ephemeral drainage coming in from the east that has eroded part of the 

terrace at the south end of the study area, and some trees are lower than 

others in this more jumbled part of the terrain (figure 5.2.4). 

 

 
 
Figure 5.2.3. Site W4 on Jones Flat (true right), site W5 a short distance up 
the Lambert River (true right), and site W6 on the Wanganui’s true left at 
the confluence with the Lambert. White arrows mark the points of view for 
figures 5.2.4 and 5.2.7 (from Google Earth, 2020).  
 

5.2.7 

5.2.4 
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Figure 5.2.4. View of site W5, looking southeast, where the ephemeral 
stream disturbs the terrace. The taller, fuller canopies under the “V” of the 
mountains are trees on site W5 (photo J. Blagen).  
 

The histogram for site W5 (figure 5.2.5) shows an old surface with an 

all-aged forest of mostly miro and rimu. No major sedimentation event has 

occurred to initiate establishment of a new cohort in at least the last 

thousand years. Instead, this forest appears to be in gap phase regeneration, 

where occasional storms or other events cause some trees to die or fall over, 

allowing new growth within those gaps. There may be some pulses of 

recruitment in the late 1500s AD and early 1600s AD, but since the criteria 

for even-aged cohort establishment (greater than 60% of the trees in the 

cohort established within an interval of 150 years, or greater than 90% of 

trees in the cohort established within 350 years, Wells et al., 1998) have not 

been met, all that really can be said is that this surface has been stable for 

the last thousand years, and although the oldest tree could represent a 

minimum establishment date for the surface, this cannot be assumed from 

the data we have. 
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Figure 5.2.5. Age-frequency diagram for site W5 showing an all age forest on 
a surface that has been stable for at least the last thousand years. 
 

Site W6 sits on the terrace just below site W5 (figure 5.2.3), the Hut 

terrace. It is located on a scarp about 8.5 m above a grassy terrace which is 

most likely a part of the active riverbed. Trees cored at this site are mostly 

found on the Wanganui River (true left) side of the confluence point in a 

mixed forest of fairly young trees that are mainly kahikatea, rimu, miro, 

totara, and matai. A view of site W6 on the terrace scarp and the grassy 

terrace below it are shown in figure 5.2.6. 
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a)  
 

b)  
 
Figure 5.2.6. a) Site W6 on the terrace above the scarp, and below the hut 
terrace. b) Grassy terrace, which is effectively a part of the active riverbed, 
below the scarp (person for scale) and site W6 (photos J. Blagen). 
 

Site W4 is across the river from sites W5 and W6 (figure 5.2.3), on 

the downstream end of Jones Flat and across from the confluence with the 

Lambert River and Hunters Hut. This site is perhaps the third terrace up from 

the river on this side, but this is somewhat unclear as the terrace appears 

intermittently, with abandoned channels cutting through, and perhaps a silty 

area forming from a side creek. However, it seems to be about the same 

height above the riverbed as site W6, and the forest is relatively young and 
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of mixed totara and kahikatea, with a thick underbrush, and ferns in open 

areas. A typical view of site W4 can be seen in figure 5.2.7. 

 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.2.7. Young trees at site 
W4 on Jones Flat, looking up valley 
(photo J. Blagen). 

 
Sites W6 and W4 appear to be of similar height above the riverbed, 

and of similar age according to their histograms. The age-frequency diagram 

for site W6 (figure 5.2.8) clearly shows an even-aged cohort colonizing in the 

late 1800s to early 1900s AD. The oldest tree cored on this surface (miro), 

and in this instance the center was reached so the count is very accurate, 

was established in 1878 AD. The diagram for site W4 (figure 5.2.9) has a 

similar story, with an even-aged cohort commencing in the early to mid-

1800s AD, and the oldest tree aged at this site, a totara, established in 

1832 AD. Although this tree establishes the cohort at site W4 as 46 years 

older than the cohort at site W6, the uncertainty that these are the oldest 

trees at either site, and the fact that they are within the criteria of around 

fifty years or so for cohorts to have established following the same 
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disturbance event, allows the assumption that these two cohorts established 

relatively simultaneously. Alternatively, as site W6 is located closer to the 

river and at the confluence with the Lambert, perhaps this site had a longer 

reactivation period of flooding subsequent to the major disturbance event. 

 

 

 
 
Figure 5.2.8. Age-frequency diagram for site W6 showing cohort 
establishment in the late 1800s to early 1900s AD. The oldest tree (miro) 
dated to 1878 AD. 
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Figure 5.2.9. Age-frequency diagram for site W4 showing an even aged 
cohort commencing in the early to mid 1800s AD. The oldest tree (totara) 
dated to approximately 1832 AD. 
 

Sites W7 and W8 are on the river’s true right, just upstream (south) of 

the SH6 road bridge (figure 5.2.10). The forest stand at site W8 straddles 

the road downstream of the Wanganui rock quarry and is just upstream of 

the hot springs and the bridge crossing the side creek exiting Amethyst 

Ravine. The forest is mostly young totara and appears to be an even-aged 

cohort of trees of similar heights and diameters. Although circumstances 

prevented the gathering of more than three tree cores, the appearance of 

the forest leads to the assumption that the majority of trees make up a 

young totara forest of a similar age (figure 5.2.11). 
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Figure 5.2.10. Sites W7 and W8 on the Wanganui’s true right, along the road 
to the rock quarry. SH6 (yellow line) and the Alpine fault trace (red line) are 
at the top of the frame (from Google Earth, 2020).
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.2.11. Young totara forest 
at site W8 (Photo J. Blagen).
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 The age-frequency diagram for site W8 (figure 5.2.12) is somewhat 

misleading as there are only three trees represented. However, visual 

observation of the forest stand seems to reinforce the idea that this stand is 

both relatively young, and an even-aged cohort establishing at least as long 

ago as 1884 AD, perhaps earlier. It is possible that this stand is a result of 

an event on a side creek. 

 

 
 
Figure 5.2.12. Histogram of site W8 showing three totara trees cored, with 
the oldest established in 1884. 
 

 Site W7 is on the true right just downstream of site W8 (figure 

5.2.10), and just upstream of highway SH6 and the Alpine fault. The area 

stretches along the quarry road from the first bend after the DOC track car 

park, to just before the bridge over the stream exiting Amethyst Ravine. The 

forest here consists mainly of big rimu in groups of two or three, with some 
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miro, above a dense lower understory (figure 5.2.13). The large rimu stand 

out above the rest of the forest, appearing to be remnants of an older forest 

with a younger one growing in around them. Although an attempt was made 

to core all the large trees, some of the trees were rotted and missing 

perhaps half of their trunks. They were simply not corable. 

 

a)  b)  
 
Figure 5.2.13. Site W7 showing, a) large, old rimu standing out above a 
dense understory, and b) close up of a large, buttressed rimu tree trunk 
(photos J. Blagen). 
 

The age-frequency diagram for site W7 shows trees of all ages (figure 

5.2.14). Only seven of the ten trees cored met the criteria for acceptable 

data as described for partial core estimation in the last chapter (Wells et al., 

2001), and all but two were of very different ages. The oldest, a rimu, is 

estimated to have established in the year 1240 AD, and the youngest, a 

miro, in 1846 AD. The latter, however, may not be accurate as the tree 

contained questionable ring arcs. Although the ages of these trees do not 
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give a definitive age of the surface upon which they are growing, it can be 

said that the surface is at least almost 800 years old and relatively stable. 

 

 
 

Figure 5.2.14. Histogram of site W7 showing trees of all ages. 
 

 Site W1 is situated on the upper floodplain of the Wanganui’s true left, 

about 3.5 km downstream of the SH6 road bridge and approximately 1.5 km 

west of the current active riverbed. Sites W2 and W3 are located together, 

on opposite sides of the La Fontaine stream, approximately eight kilometers 

down from the SH6 road bridge and about 4 km west of the current active 

riverbed (figure 5.2.15). Located on the Malone farm, site W1 has a 

youngish remnant forest of mostly totara with some matai. The understory is 

fairly open with smaller, younger trees growing below the canopy, and woody 

detritus littering the forest floor (figure 5.2.16). 
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Figure 5.2.15. Sites W1, W2, and W3 on the upper Wanganui floodplain. The 
river flows north and is crossed by SH6 (yellow line) near the Alpine fault 
trace (red line) at the bottom right of the image. The white arrows mark the 
points of view for figures 5.2.16 a) and 5.2.18, and the town of Hari Hari can 
be seen near the range front (from Google Earth, 2020). 
 

a)  b)  
 
Figure 5.2.16. a) Looking northeast, an even-aged totara forest at site W1. 
b) Inside totara forest at site W1 showing a relatively open understory with 
woody detritus (photos J. Blagen). 
 

5.2.16a) 

5.2.18 
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The age-frequency histogram for site W1 (figure 5.2.17) shows an 

even-aged cohort of mostly totara and matai that apparently established in 

about 1745 AD (oldest totara tree), with the majority of the trees taking 

root in the late 1700s to early 1800s AD. This site does not appear to 

correspond with the upstream sites as it is at least 50-75 years older. It 

seems likely that this cohort is related to the 1717 AD Alpine fault 

earthquake event. 

 

 
 
Figure 5.2.17. Age-frequency graph of site W1 showing an even age cohort 
that established in approximately 1745 AD and peaked in the early 1800s 
AD. 
 

Sites W2 and W3 are on either side of the La Fontaine stream, about 8 

km down the floodplain between highway SH6 and the Wanganui river mouth 

(figure 5.2.2). On the true left, these two sites are the farthest from the 
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current active riverbed at about 4 km away (figure 5.2.15). Although divided 

by the stream, these sites appear to encompass the same forest stand, and 

therefore have been treated as one site. The forest is mostly made up of 

totara and some matai, but miro and kahikatea are also present. Dairy farms 

surround the stand, and site W2 (Figure 5.2.18) shows evidence of grazing 

throughout, with an understory crowded by thick bushy shrubs. Site W3, 

however, is mostly fenced and has hardly any evidence of animal 

interference, with a more open understory populated by tree and ground 

ferns (figure 5.2.19). 

 

 
 
Figure 5.2.18. Site W2 forest with the La Fontaine stream in the foreground 
(photo J. Blagen). 
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a)  b)  
 
Figure 5.2.19. a) Shows site W2 with a dense understory of thick shrubs, and 
b) site W3, with an understory of tree and ground ferns (photos J. Blagen). 

 

The age-frequency diagram for the combined sites (figure 5.2.20) 

shows one remnant totara tree dated to 1445 AD (it may be older as there 

was some rot present), and a distinct even-aged cohort of mostly totara and 

matai that established in approximately 1804 AD and peaked in the early to 

mid-1800s AD. It would appear then, that although there are survivor trees 

from an earlier event, the main pulse of trees at this area on the floodplain 

have predominantly established following a later event, likely the 1717 AD 

Alpine fault earthquake.  
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Figure 5.2.20. Histogram for the combined sites of W2 and W3 showing an 
even aged cohort that established in approximately 1804 AD, peaking in the 
early to mid 1800s AD. 
 

The final site on the Wanganui river is one from the study completed 

by Cullen et al. (2003). Using the same coring techniques and criteria, they 

cored 352 trees in an extensive kahikatea stand at the lower end of the 

floodplain near the Wanganui river mouth (figure 5.2.2). This site does not 

show an early 1800s AD cohort as many of the previous sites show, but 

instead shows a strong cohort in the 1600s AD (figure 5.2.21). Cullen et al. 

(2003) have interpreted the age-frequency histogram as having an even-

aged cohort establishing in approximately 1651 AD. 
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Figure 5.2.21. Age-frequency diagram of the kahikatea stand on the lower 
floodplain, taken from data acquired by Cullen et al. (2003). Age of cohort 
establishment was estimated to be about 1651 AD. 
 
Wanganui River Summary 
 

Considering the catchment as a whole, the histograms show that tree 

cohorts along the river corridor in the upper catchment are younger on the 

lowest terraces nearest the river and older trees are found on the higher 

terrace farther from the river. The upper terrace has trees of all ages, even a 

couple that are over 800 years old, and appears to have been stable for 

quite some time. The lower terrace trees, however, seem to correspond to a 

much younger disturbance event dating to the early to mid-1800s AD on the 

true right, and the late 1800s to early 1900s AD on the true left. Although 

the terraces on opposite sides of the river appear to be about the same 

height above it, the cohorts on the true left lag by 50-75 years. It seems 

likely that the location of the site with the younger trees, at the confluence 
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between the Wanganui and Lambert rivers (figure 5.2.3), was more 

susceptible to reworking of the riverbed before regeneration could begin. 

Heavy rainfall and possible subsequent landslide events may very well have 

prolonged the disturbance there for decades.    

Farther down river, just before it flows out onto the floodplain, again 

there are younger trees dating to the late 1800s AD closer to the river and 

an older stable area farther away from it. Although this younger cohort could 

relate to the event that affected the lower terraces in the upper catchment, 

it could also relate to local flooding on a nearby side creek. Downstream on 

the upper floodplain, there is a cohort estimated to have instigated in 1745 

AD, with regeneration peaking in the late 1700s to early 1800s AD, which 

seems likely to have been instigated by the 1717 AD Alpine fault event. 

About midway between this site and the one near the river mouth, there is a 

cohort dating to 1804 AD, with trees peaking in the early to mid-1800s AD. 

This site has some remnant trees dating to the mid-1400s which could point 

to an earlier event, but the current cohort likely stems from the 1717 AD 

event as well. 

The final site, sampled by Cullen et al. (2003) nearer the river mouth, 

shows a cohort dating to 1651 AD with trees peaking in the late 1600s to 

early 1700s AD. It would appear that these trees correspond to the c.1620 

AD event. If there were trees that related to the earlier c.1460 AD event, 

they must have been completely overrun by the subsequent c.1620 AD 

episode, as aside from some remnant trees of that era there do not appear 

to be any cohorts from this time period at any of the sampled sites, and the 

oldest trees seem to be those found farthest down the floodplain. Although 

the younger tree cohorts established at the different sites in the 1800s are 

not exactly of the same age, they are close enough to be considered as 

stemming from the same instigating event or perhaps from smaller, more 

localized earthquakes or subsequent flood events. 
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A visual image depicting the extent of aggradation for the Wanganui 

floodplain has been created using relevant data from the previous datasets 

as well as the data acquired for this catchment from the present study 

(figure 5.2.22). As can be seen, the c.1620 AD event caused significant 

aggradation that went very far down the floodplain. It is likely that this 

episode overrode the previous aggradation due to the c.1460 AD event, 

implying that the c.1620 AD event was more substantial, at least in this 

catchment. Evidence in other catchments shows that the c.1460 AD event 

also caused significant aggradation so the fact that it is overridden here is 

distinctive. The episode following the 1717 AD event was also large enough 

to reach at least halfway down the floodplain, but until more trees are 

sampled between the study sites of the present study and the river mouth 

site from Cullen et al. (2003), it is not clear exactly how extensive this 

episode was. 
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Figure 5.2.22. Past aggradation of the Wanganui floodplain. Extent of aggradation is 
inferred from cohort age-dating at study sites for this project and those of Cullen et al. 
(2003) (Cartography by Tim Nolan). 
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5.3 Whataroa River 
 

The Whataroa is a major river catchment (~593.5 km2) about 30 km 

north of Franz Josef, and about 100 km south of Hokitika (figure 3.1.1). Two 

main valleys lead to the headwaters in the Southern Alps, the Whataroa and 

the Perth, and there are a number of smaller side valleys as well. The Perth 

river flows from the east down the Perth valley to the confluence with the 

Whataroa river, which comes in from the south. It begins at the Whataroa 

Glacier, and Ice Lake, in the Butler Range. The river corridors are generally 

narrow and steep in the upper catchment, upstream of Barrowman Flat in the 

Whataroa valley, and Nolans Flat in the Perth valley. From there downstream 

to the SH6 bridge, the lower valley is a series of bush terraces and river flats 

(figure 5.3.1). 

 

 
 
Figure 5.3.1. Lower Whataroa valley, looking north, with river flats and bush 
terraces (photo J. Blagen). 
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The area is mostly dense alpine scrub and tussock faces at higher 

altitudes, with hardwood forest and large stands of southern rata lower 

down, along with stands of podocarps. Tree species cored at the present 

study’s sites can be seen in table 5.3.1, and the tree data spreadsheets can 

be found in appendix two. The study sites for this catchment include three 

sites from this study and one from Cullen et al. (2003) upstream of the 

Alpine fault and the SH6 road bridge, as well as 14 sites from Cullen et al. 

(2003) on the floodplain downstream of the highway bridge (figure 5.3.2). 

 

Table 5.3.1. Tree species cored at the Whataroa study sites.  
 

Whataroa       

  WH1 WH2 WH3 

kahikatea 0 0 0 
matai 3 0 0 

miro 0 7 11 

rimu 20 25 15 

totara 0 0 0 

total trees 23 32 26 
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Figure 5.3.2. Whataroa river catchment, present study sites marked with red 
dots, and Cullen et al. (2003) sites marked in blue. Whataroa township is 
located along SH6 (yellow line) on the upper floodplain and the Alpine fault 
trace is shown as the red line. The white arrow marks the point of view for 
figure 5.3.1 (from Google Earth, 2020). 
 

About 8 km upstream of the SH6 road bridge, at the confluence of the 

Perth and Whataroa rivers, sites WH2 and WH3 are located where there is a 

series of terraces on the true left, just downstream of the swing bridge on 

the Whataroa (figure 5.3.3). Above a small, intermittent grassy terrace that 

appears to be a part of the active riverbed, are three terraces that are, 

respectively, about 5, 10, and 15 meters above the current riverbed. The 

Department of Conservation track follows terrace one (the lowest) through 

this area but, unfortunately, was not sampled due to time constraints. 

 

5.3.1 
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a)  
 

b)  
 

Figure 5.3.3. a) Sites WH2 and WH3 (red dots) downstream of swing bridge 
on terraces on the true left of the Whataroa river, at the confluence with the 
Perth (from Google Earth, 2020) b) Looking upstream from the small grassy 
terrace/sandbar toward sites WH2 and WH3 (photo J. Blagen). 
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Study site WH3 is located on terrace three (15 m above the current 

riverbed) and has a somewhat crowded understory, with vines, ferns, and 

some deadfall. The forest consists of large, older miro and rimu, some large 

broadleaved rata trees, and quite a few big, old, dead trees. Young miro and 

rimu can also be seen growing up under the high canopy (figure 5.3.4). 

 

 
 

Figure 5.3.4. Forest scene at site WH3 (photo J. Blagen). 
 

 The age-frequency diagram for this site (figure 5.3.5) shows that it is 

a fairly old terrace with a forest that dates from the early 1400s to the early 

1900s AD. The oldest tree, a rimu, was estimated to have established in 

1425 AD, so the terrace is, at a minimum, almost 600 years old. An even-

aged cohort is not visible in this histogram, which may be due to the sample 

size. If more trees were cored here, perhaps a pulse, or pulses, of trees could 

be better distinguished. The best we can say of the data is that this is an old 

terrace with continuous forest regeneration, similar to site W5 in the 

Wanganui catchment. 
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Figure 5.3.5. Age-frequency diagram for site WH3 showing an all age forest 
with a minimum age for this terrace at nearly 600 years old. 
 

Site WH2 is situated on the next terrace down from WH3, about 10 

meters above the riverbed, and has a more open understory than the one 

above it. Large rimu, that are often buttressed, and miro dominate the 

canopy. Large rata, and lots of young miro and rimu are also present, 

however there are fewer ferns here, and only occasional deadfall when 

compared to the terrace above (figure 5.3.6). The age-frequency histogram 

for this site shows an even-aged cohort establishing in about 1729 AD, as 

this is the oldest tree (a miro) within the cohort. Forest growth continued 

from the early 1700s AD through the end of the century. The oldest tree on 

the terrace (predating the cohort) is a rimu estimated to have established in 

1674 AD, making the terrace at least ~350 years old. (figure 5.3.7). 
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Figure 5.3.6. Forest scene at site WH2. 
 

 
 
Figure 5.3.7. Histogram for site WH2, which shows a minimum terrace age of 
1674 AD, and an even aged cohort establishing about 1729 AD. 
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About 4 km downstream from sites WH2 and WH3, also on the true 

left, site WH1 (along with sites LT1 and LT2 from Cullen et al., 2003) is 

about 4 km upstream of the SH6 road bridge (figure 5.3.8). This site is 

situated on a terrace about 10 m above the riverbed, which could very well 

be a continuation of the upstream terrace upon which WH2 sits. Near what 

the Department of Conservation calls ‘the derelict bulldozer,’ located on the 

terrace below, the forest of WH1 is mainly old rimu with some matai and 

hardwoods. An old 4WD road passes through the forest stand and the area is 

a bit swampy in places, with somewhat dense, but navigable groundcover 

and lots of ferns and liana (figure 5.3.9). A higher terrace is not present 

here, as there is a drainage coming in from the mountain behind, creating a 

low lying, swampy, intermittent stream flowing parallel to the river, making 

the terrace where WH1 is located (and the Cullen et al., 2003 sites) a sort of 

mound between them. 

 

 
 
Figure 5.3.8. Site WH1 (red dot) from the present study, and sites LT1 and 
LT2 ) (blue dot) from Cullen et al. (2003). SH6 (yellow line) and the Alpine 
fault trace (red line) are at the top of the image (from Google Earth, 2020). 



 139 

a)  b)  
 
Figure 5.3.9. a) Looking west at site WH1 from the Department of 
Conservation track (near the derelict bulldozer). Dark green rimu trees are 
seen at the top of the image poking out of the canopy. b) 4WD road through 
the WH1 forest (photos J. Blagen). 
 

The age-frequency diagram for site WH1 looks very similar to that of 

site WH2 (figure 5.3.10). The oldest remnant tree, a rimu, is dated to 

approximately 1590 AD, which gives a minimum age to the terrace, and 

there are a few more old trees that appear to date to the mid-1600s AD, 

but the main pulse of trees establishes after 1700 AD. The two sites from 

Cullen et al. (2003), Left Terrace 1 and 2 (LT1 and LT2), are in close 

proximity to each other and to site WH1. A histogram for the combined LT 

sites shows a very similar result for the main pulse in tree establishment as 

WH1, with the oldest tree giving a minimum age of approximately 1688 AD 

and the bulk of the cohort establishing after 1700 AD. The similar cohort 

age and terrace height above the river are a good indication that sites WH2 

and WH1, as well as LT1 and LT2, are all on the same terrace and the main 

cohorts established after the same disturbance event. 
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a)  
 

b)  
 
Figure 5.3.10. a) Age-frequency diagram of site WH1, showing a minimum 
age for the terrace dated from the oldest remnant tree at 1590 AD, with a 
main pulse of trees establishing after 1700 AD. b) Histogram for the 
combined Cullen et al. (2003) sites LT1 and LT2. The oldest remnant tree 
dates to 1688 AD and as with site WH1 and WH2, the bulk of tree 
establishment occurs after 1700 AD. 
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On the floodplain, downstream of the SH6 road bridge, Cullen et al. 

(2003) acquired extensive tree data from numerous sites (figure 5.3.2), and 

they consolidated their information into the Upper and Lower Floodplain. 

Their results showed that the upper reaches of the floodplain are “dominated 

by relatively young trees, most of which established after 1720, coincidental 

with the last rupture event on the Alpine Fault (p. 697).” The lower reaches 

of the floodplain, on the other hand, are "dominated by older trees with a 

pulse of establishment commencing around AD 1625 (p. 697).” In fact, they 

found that three of the four floodplains for which they had samples 

(Wanganui, Whataroa, and Ohinemaka) have age distributions that are 

remarkably similar; a pulse of trees establishing in the early 1700s AD on the 

upper floodplains, and a pulse of establishment in the mid-1600s AD on the 

lower floodplains. The lower Waiho floodplain shows a pulse of establishment 

even earlier than the other three, peaking from 1500-1600 AD. 

 

Whataroa River Summary 

 

This catchment appears to show three main pulses of tree growth. 

Similar to the Wanganui, it does not show any evidence of tree cohorts 

dating to the earliest aggradation episode that would have occurred in the 

1400s to early 1500s AD, although surviving remnant trees are found at a 

number of sites even down to the lower floodplain, which means that this 

episode was likely overrun by subsequent aggradation. The biggest episode 

again appears to be the next oldest event, which took place in the 1600s 

AD, with tree cohorts dating to that episode reaching far down the floodplain 

very close to the river mouth, as well as on one of the upper terraces in the 

upper catchment.  

Tree cohorts dating to the 1700s AD seem to represent the next 

biggest aggradation episode for this catchment, with trees of this age 
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widespread across the upper floodplain and along the second terrace up from 

the river in the upper catchment. The most recent tree ages (late 1700s to 

early 1800s AD) occur nearer to the current riverbed on the floodplain, and 

on the lowest terrace in the upper catchment. These tree cohorts could 

possibly result from a smaller, more localized earthquake, or perhaps from 

the residual sediments being sent downstream sometime after the main 

pulse of aggradation due to a significant weather event causing extensive 

flooding. A map of the likely extent of aggradation was created for this 

catchment as can be seen in figure 5.3.11. 
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Figure 5.3.11. Past aggradation of the Whataroa floodplain. Extent of 
aggradation is inferred from Cullen et al. (2003) study site locations and 
cohort age-dating (Cartography by Tim Nolan). 
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5.4 Omoeroa River 
 

 The Omoeroa River is about 7 km southwest of Franz Josef, and about 

9.5 km northeast of Fox Glacier (figure 5.4.1). It flows northwest for nearly 

20 kilometers from its origins at the Baumann Glacier near the Fritz Range, 

high in the Southern Alps, and empties into the Tasman Sea nearly 7 km 

southwest of the Waiho river. East of SH6, the higher altitude terrain is 

steep, and the river corridor is narrow with vegetation such as kaikawaka 

(mountain cedar), southern rata, and other hardwoods. West of the highway 

bridge, the river follows along the south side of the Omoeroa Range, and is 

confined by large moraines to the southwest, with mostly podocarp-

dominated lowland forest. Low lying areas towards the river mouth are 

generally wet and swampy. 

 

 
 
Figure 5.4.1. The Omoeroa study site, approximately halfway between Franz 
Josef and Fox Glacier townships. SH6 (yellow line) and Alpine fault trace (red 
line) pass nearby (from Google Earth, 2020). 
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 The study area is on the river’s true right, just upstream of the SH6 

road bridge at an area where the river corridor widens out somewhat. The 

tree species cored at this study site are mainly kaikawaka, or mountain 

cedar, and rimu, but a number of totara, a miro, and even some angiosperm 

trees were also cored at this site (table 5.4.1). The spreadsheet of raw tree 

data can be found in appendix three. There is a series of five terraces at this 

site (figure 5.4.2) and the lowest, nearest the river, is covered in grassy 

tufts with occasional shrubs, and is quite likely a part of the active floodplain 

that is inundated during overbank flow. There are no trees on this terrace. 

About a meter or so higher, the next terrace up from the river (here referred 

to as terrace one (O1)) is level with the road pullout off of SH6 and is also 

grassy with tall bushes and occasional trees. 

On the side of terrace one farthest from the river, there is a long, 

narrow, swampy area at the base of a scarp that runs parallel to the river. At 

its downstream end, near the road pullout, the scarp reaches about 5 m high 

above terrace one, and at the top of it is terrace four (O4). Terraces two 

(O2) and three (O3) are not present at this location. Moving upstream from 

the road pullout, the scarp lowers in height as terrace three comes in, about 

3 m above terrace one, followed by terrace two at approximately 1.5 m 

above terrace one. It appears that the terrace sequence is not parallel to the 

river here, but rather, due to the local topography, arcs away from it.  
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Table 5.4.1. Tree species cored on each Omoeroa terrace. 
 

Omoeroa         
   O1  O2  O3  O4 
kahikatea 0 0 0 0 
matai 0 0 0 0 
miro 0 0 0 1 
rimu 4 0 0 13 
totara 6 1 0 1 
cedar 2 16 30 7 
kamahi 5 0 0 0 
mountain toatoa 1 0 0 0 
unknown angiosperm 1 0 0 0 
total trees 19 17 30 22 

 

 
 
Figure 5.4.2. Omoeroa study sites O1-O4 on their corresponding terraces, 
located on the south side of SH6 (yellow line). The white arrow marks the 
point of view for figure 5.4.3 (from Google Earth, 2020). 
 

5.4.3 
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Site O1 is grassy, with tall shrubs and groups of trees spread along the 

length of the terrace, the majority located at the upstream end. The trees 

sampled at this site are perhaps 700 m upstream of the road pullout and are 

a mixed group of younger trees including podocarps and hardwoods such as 

totara, cedar, rimu, kamahi, and even one possible makomako or wineberry 

(Aristotelia serrata) tree (figure 5.4.3). 

 

 
 
Figure 5.4.3. Looking upstream at site O1, a grassy terrace, with tall shrubs 
and clumps of trees (photo J. Blagen). 
 

The age-frequency histogram for site O1 shows a cohort beginning in 

the mid-1800s AD, with the oldest tree (a kamahi) aged to 1857 AD. 

However, the bulk of the pulse in colonization appears to have occurred in 

the early 1900s  AD, perhaps due to the 1826 Fiordland earthquake, or 

perhaps because of a more local event or extreme weather event (figure 

5.4.4). 
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Figure 5.4.4. Histogram for site O1, showing tree establishment in 1857 AD, 
with a strong pulse of regeneration in the early 1900s AD. 
 

 Site O2 is on the next terrace up from the river, about 1.5 m above 

site O1. The forest on this terrace is much denser than the one below, with 

clumpy ground ferns, taller tree ferns, and some fallen logs covered in damp 

mosses. There are many fairly even-aged cedar trees, with some younger 

totara and rimu as well (figure 5.4.5). The histogram for this terrace shows 

an outlier remnant tree (cedar) aged to 1476 AD, which is a minimum age 

for this terrace, but it could be even older. There appears to have been 

something going on in the mid-1600s AD, but the only cohort distinguishable 

using the criteria outlined in the methods section, seems to begin about 

1711 AD, with the pulse continuing into the early 1800s AD (figure 5.4.6). 
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Figure 5.4.5. Forest of site O2 (photo J. Blagen). 
 

 
 
Figure 5.4.6. Histogram for site O2, showing an old cedar tree dated to 
1476 AD, a few trees in the mid-1600s AD and a cohort beginning in 1711 
AD. 
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Site O3, located on terrace three, is approximately 1.5 m above 

terrace two. The forest is similar to that of site O2, mostly cedar, with some 

young rimu and miro, and a dense understory of ferns and damp, mossy, 

groundcover (figure 5.4.7). The age-frequency diagram for this site shows a 

couple of old trees (both cedar) estimated at 1481 and 1494 AD, which give 

a minimum age for the terrace, and there is a small pulse of recruitment in 

the late 1500s to the mid-1600s AD, but the main cohort really takes off 

after 1677 AD. There seems to be another pulse in the late 1700s to early 

1800s AD as well (figure 5.4.8). 

 

 
 

Figure 5.4.7. Forest scene at site O3 on terrace three (photo J. Blagen). 
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Figure 5.4.8. Histogram for site O3 showing old trees in the late 1400s AD 
and a cohort establishing in about 1677 AD, with perhaps a second in the 
late 1700s AD. 
 

Site O4 is on the highest terrace from the river, about 2 m above 

terrace three. The forest there, though still quite dense, is a bit more open 

than the two terraces below and is not as damp or mossy. The trees are 

mostly cedar and rimu, with a few miro and totara, and also some 

hardwoods. Ferns are also present, a few tall, but most at ground level 

(figure 5.4.9). The age-frequency diagram for site O4 (figure 5.4.10) shows 

a very old terrace. The oldest tree, a rimu, is aged to the year 1065 AD, 

although it barely meets the criteria for a good estimate of a partial core as 

described in the methods section in the previous chapter. However, the 

terrace is most likely at least as old as the next oldest tree (also a rimu), 

which dates to 1283 AD. Not much can be said about this site other than 

that it is a stable terrace site with trees of all ages, similar to the stable 
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terrace of site W5 on the Wanganui, where trees are in gap phase 

regeneration. Perhaps coring more trees would make cohorts discernable.

 

 

Figure 5.4.9. Forest scene at study 
site O4 (photo J. Blagen).

 

 
 
Figure 5.4.10. Histogram for site O4, showing a very old stable terrace with 
an all aged forest. 
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Omoeroa River Summary 

 

Looking at this terraced site as a whole, it can be seen that the 

terraces get younger toward the river. The highest terrace above the river 

(O4) shows a forest that is no longer even-aged. There are some very old 

trees, dating back at least 800 years, but the stand can no longer reliably 

estimate the date of the surface. The next lower terrace (O3) shows a 

cohort beginning in the late 1600s AD that may correspond with the c.1620 

AD earthquake event, and perhaps another beginning in the late 1700s AD 

that could relate to the 1717 AD earthquake event. The terrace below that 

(O2) appears to have a survivor tree from the late 1400s AD, but the main 

pulse also appears to correspond with the 1717 AD earthquake event.  

The oldest tree cored on the lowest terrace (O1) dates to 1857 AD, 

with a main pulse following in the early 1900s AD. Although this could be 

connected to the Fiordland earthquake of 1826 AD, this catchment may be 

too far north to be exhibiting effects from this earthquake, and as this 

terrace is not very high above the current riverbed it is still susceptible to 

overbank flooding. Therefore, it is plausible that this stand of trees is a result 

of a more recent flooding event. In the tidal lagoon at the mouth of the river, 

in situ kahikatea tree roots were radiocarbon dated by Wardle (1978) and 

found to be quite old. Figure 5.4.11 depicts the inferred terrace ages. 
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Figure 5.4.11. Terrace ages of the Omoeroa River (Cartography by Tim 
Nolan).  
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5.5 Karangarua River 
 

Located 25 km south of Fox Glacier (figure 3.1.1), the Karangarua 

catchment is the first major river valley south of the Fox and Cook Rivers. 

Consisting of three main tributaries, the Copland, Douglas, and Karangarua 

Rivers, the catchment drains an area that extends for over 20 km along the 

main divide of the Southern Alps. Many of the peaks in the catchment are 

glaciated, and reach over 2000 m in height, with the highest peaks being Mt. 

Sefton (3151 m) and La Perouse (3078 m). The tree line in the catchment 

varies, depending on the susceptibility to avalanche and the species type, 

but is generally between about 800 and 1200 m. 

The steep-sided valleys of the upper and central reaches of the 

catchment’s main tributaries contain narrow, boulder-choked rivers flowing 

over coarse, unconsolidated alluvial/glacial deposits. Along the way, ancient 

landslide dams or natural hollows provide occasional broad flats with forest 

stands of mostly rimu, kamahi, and rata, before returning to the confining, 

narrow and steep channels. The lower reaches are quite different. At the 

confluence with the Copland, the river exits its confining narrow valleys and 

makes its way down a broad, gentle course between the mountains to SH6, 

passing well-preserved flights of fluvial terraces resulting from tectonic uplift 

east of the Alpine fault. As the river leaves the ranges downstream of the 

Alpine fault, it flows on an extensive low-lying floodplain before reaching the 

Tasman Sea. 

The upper Karangarua river catchment was extensively studied by 

Wells (1998) in order to assess forest disturbance resulting from erosional 

processes, and by Wells et al. (2001) to evaluate the importance of large, 

infrequent earthquake-induced disturbances on forest dynamics in Westland. 

The two sites that were investigated for these studies include the fluvial 
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terraces in the Welcome Flat area on the Copland River, and the terraces 

upstream of the Alpine fault on the Karangarua River (figure 5.5.1). 

 

 
 
Figure 5.5.1. Map of study areas (red) in the upper Karangarua and Copland 
catchments (Cartography by Tim Nolan, modified from Wells, 1998, figure 
1.1). 
 

Concentrated on the flights of terraces at both Welcome Flat on the 

Copland River, and just upstream of the Alpine fault on the Karangarua River, 

the 51 cohorts obtained for the Wells (1998) and Wells et al. (2001) studies 

account for a significant amount of the data from previous studies utilized in 

the present study. Wells et al. (2001) found that these cohorts had been 
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initiated by disturbance events within the last 650 years, occurring 

episodically since 1350 AD. Four episodes of cohort establishment were 

recognized and are evident as pulses in the age distribution of all trees aged 

in the catchment. The estimated dates of the disturbance events show a 

strong synchrony, in that although each episode spans from 31-53 years, 

over half the events fall within a 20-year period. Of the 51 cohorts, only one 

did not establish on a surface formed by erosion/sedimentation events, 

which suggests that the four episodes reflect major catchment-wide, natural 

disturbances during which many erosion/sedimentation events occurred. 

Chronologically from earliest to latest, these episodes were termed the 

Junction (c.1460 AD), McTaggart (1610-1620 AD), Sparkling (1710-1720 

AD), and Ruera (1820-1830 AD) episodes. 

Four successive terraces on the Copland and Karangarua Rivers sustain 

cohorts that match the four episodes of erosion/sedimentation identified in 

forest age. On the Copland River, at Welcome Flat, the highest terrace (C4) 

is about 12 m above the river. This terrace has sedimentary deposits 

emplaced after terrace formation and, consequently, dating is not certain. 

The oldest conifer tree on the surface, however, gives a minimum age for the 

terrace, and the possibility that it dates to the Junction episode. The next 

lowest terrace (C3), at 9 m above the river, has trees dating to the 

McTaggart episode, and one terrace down (C2), at 6 m above the river, has 

been inferred to date to the Sparkling episode. Terrace C2 only had trees 

that established after a Ruera sedimentation event onto the terrace and was 

therefore inferred to be formed in the Sparkling episode because of its 

location between Terrace C3, which corresponds with the McTaggart 

episode, and Terrace C1, which dates to the Ruera episode. Terrace C1 is the 

highest and largest of a number of smaller, abandoned surfaces at different 

heights above the river, suggesting periodic abandonment of portions of the 
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riverbed, rather than a consistent major new surface-forming event (figure 

5.5.2). 

 

 
 
Figure 5.5.2. The terrace sequence at Welcome Flat on the Copland River. 
Successive terraces were abandoned at times matching the three most 
recent episodes of catchment-wide disturbance. The highest terrace may 
have been abandoned during the Junction episode (based on the oldest 
tree), but it is not certain (from Wells, 1998, figure 1.12). 
 

Down-catchment, on the Karangarua River, a similar history is 

preserved, with the addition of a remnant fifth terrace (K5) sitting highest 

from the riverbed. The trees on this terrace were too large for accurate age 

estimates, but ring counts of partial cores reached up to 700 years, 

establishing at least in the early 1300s AD. Terraces K4 and K3 date to the 

Junction and McTaggart episodes, respectively, with K2 matching the 

Sparkling episode, and K1 considered part of the active flood plain. The 

modern river resides in a wide bed cut down into K1, but occasionally floods 
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over it. Although mostly grassy, the trees on this terrace suggest an age of 

partial abandonment during the Ruera episode (figure 5.5.3). 

 

 
 
Figure 5.5.3. The Karangarua River terrace sequence. Successive terraces 
were abandoned at times matching the four episodes of catchment-wide 
disturbance (from Wells, 1998, figure 1.12). 
 

For the present study, there are six study sites at which cohort 

information was obtained on the floodplain downstream of the Alpine fault 

(figure 5.5.4). Closest to the riverbed, there is a scattered, treeless, grassy 

terrace that is obviously part of the active modern floodplain. Above that, 

the lowest terrace with trees on it stretches along both banks at 

approximately 3 m above the active riverbed, and 1 m above the grassy 

terrace. There are perhaps two more terrace-like steps up from the river, 

especially on the true right, which includes one covered in Sphagnum moss 
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about one meter above the first terrace with trees, and another about 2-3 m 

above that. 

This higher floodplain is broadly extensive, with abandoned channels 

and copses of trees throughout. Much of the area no longer hosts extensive 

forests and is actively grazed by cattle, especially on the river’s true left. 

Finding stands of trees for sampling can be difficult on the upper floodplain, 

but the lower floodplain has extensive forests remaining and, although 

arduous to get to, might be a superb future study site. The sites for the 

present study are mostly close to the river, but two (K5 and K6) are farther 

from the active riverbed as seen in figure 5.5.4. The tree species cored at 

each site are listed in table 5.5.1, and spreadsheets of raw tree data can be 

found in appendix four. 

 

 
 
Figure 5.5.4. Study areas along the Karangarua catchment. Blue dots are 
approximate locations of terrace sites from Wells (1998) and Wells et al. 
(2001). Red dots show locations of the present study sites. The yellow line 
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is SH6 and the red line represents the surface trace of the Alpine fault (from 
Google Earth, 2020). 
 
 
 

Table 5.5.1. Tree species cored at the Karangarua study sites. 
 

Karangarua             

    K1   K2   K3   K4   K5   K6 

kahikatea 7 22 25 0 6 13 

matai 0 2 1 0 7 0 

miro 0 0 0 0 0 0 

rimu 2 1 0 0 2 0 

totara 20 0 3 19 0 0 

total trees 29 25 29 19 15 13 
 

Continuing downstream from the Alpine fault, site K5 (present study) 

is situated on the river’s true right, elevated about 6-7 m above the active 

riverbed (1-2 m above the area of Sphagnum moss) and between the Alpine 

fault and SH6. This forest is a mixed stand of large matai and rimu trees, 

that are often engulfed by vines and epiphytes, with an understory of tall 

tree ferns and thick liana as shown in figure 5.5.5. Cores were unable to be 

taken from more than 15 trees at this site, and while there does appear to 

be a small pulse in the mid-1500s to mid-1600s AD, the sample size was 

insufficient to reliably distinguish any particular cohort age. The overall look 

of the forest itself suggests an old surface with a forest stand of different 

ages, and a mixed disturbance history. This corresponds with the age-

frequency graph for this site, as can be seen in figure 5.5.6.
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Figure 5.5.5. Ten-year-old Matai 
(boy) next to an approximately 
468-year-old matai tree at site K5 
(photo J. Blagen).

 
 

 
 
Figure 5.5.6. Age-frequency graph of all trees cored at site K5 in the upper 
floodplain of the Karangarua River, showing a multi-aged forest stand.  
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Downstream from the highway bridge and still on the true right, just 

below the area of Sphagnum moss, site K4 is very close to the river (figure 

5.5.4). A large stand of youngish totara trees make up this forest, which is 

elevated about 1 m above the grassy, treeless terrace that is part of the 

active riverbed. This site is situated almost directly across the river from the 

most upstream end of site K1. Site K1 appears to occupy the same terrace 

as K4 (~1 m above the active riverbed), and is also mostly made up of 

young totara, although some kahikatea and rimu are present as well. The K1 

site extends along the terrace downstream, as trees were situated in clumps 

on the actively grazed true left side of the river. Views of these study sites 

are shown in figures 5.5.7 and 5.5.8. 

 

  
 
Figure 5.5.7. Site K4 as seen from across the river at site K1 (photo J. 
Blagen). 
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Figure 5.5.8. Totara trees of site K1 looking west from river (photo J. 
Blagen). 
 

The age-frequency diagrams for sites K4 and K1 look very similar 

(figure 5.5.9) as both sites have tree cohorts establishing after 1850 AD. 

The oldest tree (totara) at the K4 site has an estimated date of 1855 AD, 

and the oldest tree (kahikatea) at the K1 site is dated to approximately 

1860 AD. It seems pretty clear that the cohorts at both sites correspond to 

the same disturbance event, and the timing indicates that the most likely 

instigator would be the 1826 AD earthquake in Fiordland. 
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a)  

 

b)  
 
Figure 5.5.9. Age-frequency diagrams showing cohorts establishing after 
1850 AD for sites a) K4, and b) K1. 
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Across the river from the sampled area of site K1, site K6 is a 

kahikatea stand farther from the river, on the true right (figure 5.5.4). This 

forest lies on either side of a small stream just upstream of a lateral moraine, 

on the edge of actively-grazed land. The ground is very wet in some places, 

even swampy, and the understory is thick with ferns, ground plants, and 

liana, as seen in figure 5.5.10. 

 

 
 
Figure 5.5.10. Looking southeast at kahikatea stand and small stream at site 
K6 (photo J. Blagen). 
 

Although the age-frequency diagram for site K6 (figure 5.5.11) hints 

at disturbance events occurring within the sedimentation/erosion periods 

outlined by Wells (1998), similarly to site K5, the criteria for cohort 

delineation preclude a definitive answer. The sample size is unfortunately too 

small to accurately distinguish even-aged cohorts, but it can be said that the 

surface is old and is covered with forest trees of all ages, possibly indicating 

multiple flood events off both the main river and the side stream. 



 167 

 
 
Figure 5.5.11. Age-frequency diagram for site K6, showing all aged trees on 
an old surface. 
 

Site K3 is situated just across the river and downstream of site K6, 

fairly close to the active riverbed on the true left (figure 5.5.4), at the end 

of a four-wheel-drive track. The understory is fairly open, and the area is 

obviously grazed by cattle as there are visible animal trails. The forest 

consists mainly of kahikatea, but there are also totara and matai present. 

Figure 5.5.12 shows the forest at site K3. 
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Figure 5.5.12. Looking north at the mostly kahikatea forest stand at site K3 
(photo J. Blagen). 
 

The age-frequency diagram for site K3 (figure 5.5.13) appears to 

show a number of remnant survivor trees and multiple cohorts. The older 

remnant trees date to the late 1500s and late 1600s AD, and the older of 

the two tree cohorts begins in the early 1700s AD, with the oldest tree from 

that cohort, a kahikatea, dated to about 1733 AD. The second, younger 

cohort has establishment dates in the early to mid-1800s AD. This 

multicohort outcome relates to the latest two known disturbance events to 

have happened in the area, the 1717 AD Alpine fault earthquake and the 

1826 AD Fiordland earthquake. 
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Figure 5.5.13. Age-frequency diagram of site K3, with older remnant trees 
and multicohort establishment after 1733 AD, and in the early to mid 1800s 
AD. 
 

Site K2 is the farthest downstream, on the river’s true left, about 

halfway between the Alpine fault and the river mouth (figure 5.5.4). The 

forest at this site is composed mostly of kahikatea, with scattered matai and 

rimu. The terrain closer to the river appears to have a fairly open understory, 

while slightly farther from the river, the understory looks to be more 

crowded, with a rougher surface topography. The height of the bank is 

comparable to that of upstream sites at about 3 meters above the riverbed, 

and livestock grazing does not seem to be a major factor in this area. The 

mostly kahikatea forest at this site can be seen in figure 5.5.14. 
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Figure 5.5.14. At site K2, looking north at a stand of mostly kahikatea 
(photo J. Blagen). 
 
 Two groups of trees were sampled at this site, one closer to the river 

and one slightly farther away. Three histograms were created, one for the 

groups combined (figure 5.5.15) and one for each group (figure 5.5.16). The 

diagram for the groups combined shows remnant kahikatea (~1214 AD) and 

matai (~1342 AD) trees that survived the initiating disturbance of the 

younger cohort, which appears to begin around 1487 AD and continues into 

the early 1600s AD. This episode would most likely correspond to the 

c.1460 AD earthquake. However, the histograms for the two individual 

groups show something slightly different. The group farther from the river 

were slightly older than the closer group, splitting the cohort into trees 

dating to the late 1400s to early 1500s AD, and to the mid-1500s to early 

1600s AD respectively. This may mean that continued disturbance occurred 

closer to the river for a longer period of time, or this could give credence to 
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the suggestion by Wells and Goff (2007) that the c.1460 AD event could 

have been two separate events occurring about 50-75 years apart. 

 

 
 
Figure 5.5.15. Histogram for the combined groups at site K2, showing a 
cohort beginning ~1487 AD. 
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a)  

b)   

 
Figure 5.5.16. a) Histogram for group farther from river showing slightly 
older trees (late 1400s to early 1500s AD). b) Histogram for group closer to 
the river showing slightly younger trees (mid 1500s to early 1600s AD). 
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Karangarua River Summary 
 
 Four distinct aggradation episodes occurring in the 1400s, 1600s, 

1700s, and 1800s AD can be seen in the upper catchment terraces where 

previous work has been done by Wells (1998) and Wells et al. (2001). On 

the lowland floodplains, however, only three aggradation episodes are 

observed in the tree data. The oldest episode, possibly initiated by a c.1460 

AD earthquake can be seen very far down the floodplain, so aggradation was 

substantial. It may have extended as far as the river mouth, but trees were 

not sampled farther downstream. According to evidence at site K2, it is 

possible this event may actually have been two events separated by 50-75 

years. 

The 1600s AD episode seen in the upper terraces is not seen on the 

floodplain, so if aggradation from this episode did reach the floodplains it did 

not reach as far as the prior episode and has since been overrun by the 

episodes following. The 1700s AD episode did reach at least halfway down 

the floodplain to site K3, but there appears to be a second cohort dating to 

the 1800s AD present there as well, and on the upper floodplain the younger 

cohort dominates, at least near the active riverbed. It seems reasonable to 

infer from these data that the 1700s AD episode was quite large to make it 

halfway down the floodplain, and most likely due to the 1717 AD earthquake 

on the Alpine fault. The younger episode was not as large, but still affected 

the floodplain, and quite likely was initiated by the 1826 Fiordland 

earthquake. 

Taking into account the data from the present study a map of past 

aggradation for the floodplain was put together (figure 5.5.17). An extensive 

tree coring campaign on the lower floodplain, however, would better refine 

the contact between episodes and the extent of lateral spread. 
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Figure 5.5.17. Past aggradation of the Karangarua floodplain. Extent of 
aggradation is inferred from study site locations (red dots) and cohort age-
dating (Cartography by Tim Nolan).  
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5.6 Waiatoto River 
 

The Waiatoto River enters the Tasman Sea about 23km south of Haast 

at the southern end of the Westland district (3.1.1). The river is sourced 

from the Volta glacier area in Mt. Aspiring National Park, and it flows north 

and northeast for some 50 km, turning abruptly northwest as it reaches the 

northern end of the Selborne Range to its east, along the eastern side of the 

Haast Range (figure 5.6.1). It has two main side streams (the Drake and Te 

Naihi) which come in from the true right, and the total catchment area is 

529.1 km2. 

 

Figure 5.6.1. Location of the Waiatoto river southwest of Haast. The Alpine 
fault and SH6 are indicated by the red and yellow lines respectively (from 
Google Earth, 2020). 

Glacially formed, the valley has a shallow gradient such that around 40 

km up valley, at Bonar Flats, the altitude is only about 150 m above sea 

level. Above the flats the terrain is steep, with forested hill slopes up to 
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about 1000 m, tussock faces above that, and then exposed rock bluffs to 

over 2000 m. Although most of the flats are bush covered, cattle are grazed 

on several grassed flats within the wide flat valley bottom. The area is south 

of the ‘beech gap,’ so the forests here are dominated by silver beech, with 

areas of podocarps at lower altitudes. The image below shows the main 

study area (sites WT2 and WT3) as seen from the river (figure 5.6.2). 

 

 

Figure 5.6.2. Looking upstream (SW) toward study site WT3 on the 
Waiatoto’s true left. (photo J. Blagen).  
 

The study sites in this catchment are on the flats near the river mouth, 

between the Haast-Jackson Bay road bridge and the Alpine fault (figure 

5.6.3). The site farthest upstream (WT3), and nearest the Alpine fault, is 

located on the true left across from a large meander sandbar which is 

popular with cattle (Caseys Farm). Site WT3 has a crowded forest of silver 

beech, large, buttressed kahikatea and rimu, and a dense understory of 

ground and tree ferns and liana. There are mosses and epiphytes on the 

trees, some deadfall, and the area is wet and swampy. 
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Figure 5.6.3. Study sites (red dots) on the lower Waiatoto river, upstream of 
the Haast-Jackson Bay road bridge (yellow line) and downstream of the 
Alpine fault surface trace (red line). The white arrows mark the points of 
view for figures 5.6.2 and 5.6.5 (from Google Earth, 2020). 
 

Following the Department of Conservation predator control track 

downstream, site WT3 carries on around the bend and runs into site WT2. 

About 2.5 km upstream of the highway bridge, site WT2 begins at the start 

of the DOC track, at the end of a dirt road running parallel to the river. The 

forest at the two sites is very similar and is the same height above the 

riverbed (~5 m), so is here treated as one site. The trees cored at these 

sites were predominantly kahikatea and rimu (table 5.6.1), and all raw tree 

data spreadsheets can be viewed in appendix five.  

5.6.2 

5.6.5 
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Table 5.6.1. Trees cored at the Waiatoto study sites. 
 

Waiatoto       
  WT1 WT2 WT3 
kahikatea 9 9 8 
matai 0 0 0 
miro 4 0 0 
rimu 14 5 1 
totara 0 0 0 
silver beech 0 4 1 
total trees 27 18 10 

 
The age-frequency diagram for the combined sites of WT2 and WT3 

does not show any cohorts that meet the established criteria as stated in 

the chapter four methods section (Wells et al., 1998) but does show a few 

clusters of tree ages (figure 5.6.4). As the oldest tree (a kahikatea) dates to 

1383 AD, the surface here is at least 600 years old, although it could very 

well be older. A small pulse of tree growth appears in the early to mid 1500s 

AD, another in the mid-1600s AD, and a third in the late 1800s AD, but not 

enough trees have been sampled to delineate cohorts. Unfortunately, in an 

area with a larger range in tree ages it is much harder to distinguish cohorts 

without increasing the sample size. All that can be said for this site is that it 

is a very old surface, with small pulses of apparent colonization which could 

relate to disturbance events that have affected the wider Westland area. 

More trees need to be cored to make a better evaluation. I think it would be 

worthwhile to spend a week or so here with field assistants to core more 

trees in more areas within this catchment. 
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Figure 5.6.4. Age-frequency histogram for the combined sites WT2 and WT3, 
showing an old surface with three small pulses of colonization. 
 

 Site WT1 is located just upstream of the Haast-Jackson Bay Road 

bridge, approximately halfway to the first river bend, near an old airstrip that 

runs parallel to the river on the true right (figure 5.6.3.). The forest here is 

mixed, with many large rimu and kahikatea, and a crowded understory thick 

with both ground and tree ferns, as well as some mosses and liana. 

Hummocky terrain and wet and swampy areas are also fairly common in this 

forest (figure 5.6.5). 
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Figure 5.6.5. Rimu and kahikatea forest, looking northeast at site WT1 from 
the airstrip parallel to the river (photo J. Blagen). 
 

 The histogram for site WT1 (figure 5.6.6) shows a very old surface. 

The oldest tree, a rimu, was difficult to core, and a second core was taken 

that gave an establishment date of 852 AD, making it over 1100 years old!  

A number of trees show up between the years 1250 AD and 1600 AD, but 

they have been overwhelmed on the graph by a younger pulse in colonization 

beginning in the late 1700s AD and peaking in the mid-1800s AD. Again, a 

bigger sample size may help delineate other older cohorts, but the younger 

pulse is the most prolific of the trees cored. 
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Figure 5.6.6. Age-frequency diagram for site WT1, showing some very old 
trees and a younger pulse of colonization in the mid 1800s AD. 
 
Waiatoto River Summary  

While the upper floodplain shows a complicated multi-aged cohort, the 

lower floodplain had a visible pulse in regeneration beginning in the early 

1800s AD, although there were a number of older trees from various time 

periods. So, it would seem that while there may have been an aggradation 

episode after the Fiordland earthquake of 1826 AD that reached at least to 

the road bridge, this catchment is able to retain survivor trees of all ages. 

Alternatively, this cohort near the road bridge may have been established 

due to a tsunami following that earthquake. It could be that the low gradient 

allows flooding to spread farther from the riverbed, so aggradation is not as 

deep, or mounded areas are preserved, allowing some trees to survive. 

Perhaps there is a geomorphic difference in this catchment that attenuates 
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the intensity of earthquake shaking, or maybe there is a combination of 

mitigating factors, but the area appears to maintain trees of varying ages. 

Expanding the dataset of tree samples in this catchment may increase our 

understanding of it. A map of inferred aggradation of the lower Waiatoto 

River is shown in figure 5.6.7.
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Figure 5.6.7. Past inferred aggradation of the Waiatoto floodplain. The low gradient area is perhaps conducive to all age stands. 
Extent of aggradation is inferred from study site locations and cohort age-dating (Cartography by Tim Nolan). 
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Westland Regional Summary 
 

Looking at the catchments studied both previously and for the present 

study, it is evident that aggradation has a strong effect upon the floodplains 

following major earthquake events. The aggradation episode that occurred in 

the 1400s AD was extensive in some catchments, but not seen in others, 

while the episode in the 1600s AD was quite substantive, reaching far down 

the floodplain in a number of major catchments, possibly overrunning the 

previous episode in places where that episode is unseen. The younger 

episodes appear to have been less extensive, but also made their way out 

onto the floodplains of most catchments studied. Although data have not 

been collected for every catchment in Westland, the consequences of past 

large disturbance events in these catchments can be extrapolated to others, 

and very probably will be similarly affected when the next large earthquake 

eventuates. An overview of aggradation in Westland catchments can be seen 

in figure 5.6.8. 
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Figure 5.6.8. This regional map of Westland catchments gives an idea of the extent of past aggradation on the floodplains. Inferred 
from study site locations and cohort age-dating (Cartography by Tim Nolan). 
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Because of the long interval between earthquake events that Westland 

is currently enjoying and given what is known about the build-up of tectonic 

stress on the Alpine fault and other faults within the Southern Alps, the next 

event will likely be substantial. It is important that the potential hazards 

brought by such events be highlighted, and these maps are created as a way 

to visually depict the potential spatial extent of aggradation that a major 

earthquake event could produce. Although tree ring age-dating has not been 

utilized much for hazard studies in the past, it is hoped that these studies 

can be expanded and the resulting maps aid in education and planning for 

future seismic events and their aftermath. A discussion of past and future 

events is undertaken in the following chapter.  
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Chapter Six 
 

Discussion and Implications 
 

Aggradation following infrequent large seismic events is a hazard in the 

Westland region that can profoundly affect West Coast commerce and living. 

To assess the hazard, the present study utilizes tree ring age dates to infer 

the extent and timing of past aggradation episodes occurring in Westland 

catchments. Using a multitude of tree ring datasets that span much of the 

area, previously documented patterns of earthquake destruction and 

regeneration within Westland podocarp forests have been supplemented in 

the current study by new data from five river catchments within the 

Westland district (Wanganui, Whataroa, Omoeroa, Karangarua, and 

Waiatoto). These combined data help to portray a fuller picture of the 

effects of past events on river valleys and floodplains and, as river 

catchments from the north to the south of Westland have all been affected 

by past disturbance in some way, interesting trends can be seen both within 

individual catchments and within the region as a whole. 

 

6.1 Discussion of Results 
 

As noted by a number of researchers (Wells et al., 1999, 2001; Cullen 

et al., 2003) the variety of effects seen at the regional scale most likely 

reflects factors such as the susceptibility of different landforms and 

substrates to disturbance, the magnitude or intensity of the earthquake 

shaking, and/or the location and length of the fault rupture (Yetton, 1998). 

Briggs et al. (2018) consider the possibility that differing effects between 

events and between catchments may also stem from a rupture occurring on 
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currently unknown faults or systems of faults within the Southern Alps, 

rather than on the range-front Alpine fault. Along with the aforementioned 

influences, the amount of sediment accumulated and released from upland 

areas of a catchment will have an effect on the extent of flooding and 

aggradation that manifests downstream on the floodplain. A longer interval 

of time between large disturbance events will generally allow more sediment 

to accumulate, and subsequently be released, following a major event than a 

shorter interval. The major past aggradation episodes that are inferred from 

the data analyzed for the present study are discussed below in relation to 

the most likely initiating disturbance. 

 

C.1460 AD Event 
 

The earliest disturbance and regeneration that is seen in the Westland 

forest cohorts utilized for the present study is often attributed to an event 

thought to have occurred around 1460 AD, which is commonly thought to 

be a major earthquake rupture on the Alpine fault (Yetton, 1998, Wells et 

al., 1999, 2001). Wells and Goff (2007), however, suggested that rather 

than a single episode at c.1460 AD, two regional episodes (just prior to 

1450 AD  and 1525 AD respectively) better explain the cohort dates. More 

recently, a group of researchers studying sediments in lakes along the Alpine 

fault have come up with rupture length and date estimates that are decades 

earlier than previously believed (figure 6.1.1), placing this event at about the 

turn of the 15th century (Howarth et al., 2014). Trees spanning these time 

periods are visible in the datasets as surviving remnant trees in areas with 

younger cohorts and as cohorts in a number of catchments, both on 

upstream terraces and on downstream floodplains. 
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Figure 6.1.1. Rupture history for the Alpine fault taken from Howarth et al. 
(2014), figure 8. The map shows the North Westland (red), Central (yellow) 
and South Westland (green) sections of the Alpine fault and earthquake 
rupture ages and lengths for the most recent five events. Sections of the 
fault that ruptured during an event are represented by solid, colored lines, 
while dashed lines indicate where the end of the rupture is not constrained 
by available data. Lake locations are shown along the entire terrestrial 
portion of the Alpine fault. 
 

The northernmost catchment studied, the Wanganui (figure 6.1.2), did 

not have distinct cohorts from the 1400s AD, but there were some outlier 

trees dating back to 1445 AD on the lower floodplain. Initial colonization of 

the current cohorts appears to have begun on the floodplain between 1525–

1550 AD, peaking in the early 1600s AD (Cullen et al., 2003). The Whataroa 

shows a similar outcome with upstream terraces dating to 1425 AD and 



 190 

1590 AD, and floodplain dates ranging from 1531-1669 AD (Cullen et al., 

2003). These data may give credence to the idea of two events occurring 

within a short time of each other, the second somewhat masking the first, 

with the initial disturbance occurring just before 1450 AD, and a subsequent 

smaller aggradation event taking place 50–75 years later (Wells and Goff, 

2007). Evidence of disturbance at this time period is also present in cohorts 

in the Saltwater and Okarito forests, which are north and south of the 

Whataroa catchment respectively (e.g., Cornere, 1992; Rogers, 1995; Wells 

et al., 1999). 

 

 
 
Figure 6.1.2. Westland area showing rivers and places mentioned in the text 
(Cartography by Tim Nolan). 
 

Continuing south, the pattern again presents itself on the Waiho River. 

The lower reaches of the floodplain have trees dating to ~1433 AD and early 

AUCKLANDAUCKLAND

North Island /
Te Ika-a-Maui
North Island /
Te Ika-a-Maui

South Island /
Te Waipounamu 

South Island /
Te Waipounamu 

See main mapSee main map

WELLINGTONWELLINGTON

CHRISTCHURCHCHRISTCHURCH

DUNEDINDUNEDIN

1

6

6

6

6

73

Wanganui R

Wanganui R
Poerua R

Poerua R
Whataroa R

Whataroa R
Waitangitoana RWaitangitoana R

Omoeroa ROmoeroa R

Callery RCallery R

Waiho RWaiho R

Karangarua RKarangarua R
Fox RFox R

Ohinemaka ROhinemaka R

TASMAN
SEA

TASMAN
SEA

Waiatoto R

Waiatoto R

Ship CkShip Ck

HokitikaHokitika

OkaritoOkarito

Saltwater Lagoon

Saltwater Lagoon

WESTLAND
DISTRICT
WESTLAND
DISTRICT

HaastHaast

Fox GlacierFox Glacier

Aoraki/Mt CookAoraki/Mt Cook

L WahapoL Wahapo

Franz JosefFranz Josef

0 50km

Township
Main city
District boundary
State Highway
Alpine Fault

Township
Main city
District boundary
State Highway
Alpine Fault

1



 191 

1500s AD, suggesting that colonization began between 1450–1475 AD, 

followed by more prolific colonization starting around 1525 AD (Wardle, 

1974; Cullen et al., 2003). Farther south, a terrace on the Omoeroa has a 

number of remnant trees dating to the late-1400s AD (1476-1494 AD) with 

a possible pulse in tree growth in the late 1500s to early 1600s AD, and at 

the mouth of the Omoeroa, Wardle (1978) documented roots of kahikatea 

trees that were radiocarbon dated to the mid 1400s AD. 

The Karangarua river, again, presents with cohorts that date to 

approximately 1445 AD (Wells et al.,1999) on terraces in the upper 

catchment, with a somewhat younger cohort date (1487 AD) on the lower 

floodplain. Interestingly, this cohort was cored in two groups, one slightly 

farther from the river than the other, and the ages suggest the groups differ 

by perhaps 50-75 years in age. Those farther from the river range from the 

late 1400s to mid 1500s AD, and those closer range from mid 1500s to 

early 1600s AD. At Ohinemaka, distinct forest cohorts are present on 

aggradation surfaces, with the oldest trees dated to approximately 1470 AD 

and 1510 AD respectively (Duncan, 1993). And finally, the southernmost 

catchment studied, the Waiatoto, also had a number of remnant 1400s AD 

trees (1421-1450 AD) and 1500s AD trees (1533-1597 AD) as well as 

dunes that date to both 1451 AD and 1529 AD (Wells and Goff, 2007). This 

pattern can be found in nearly every catchment, supporting the idea of an 

early 1400s AD aggradation episode followed less than 100 years later by 

another one, the two often being conflated as one event. 

The oldest trees on the dune fronts associated with the earlier episode 

indicate that this earthquake most likely occurred at the earlier end of the 

accepted date range inferred from all five dune systems studied (1438–

1467 AD). This suggests that, with the added time of dune formation, a 

refined range for this event could be closer to 1385–1435 AD (Wells and 

Goff, 2007). This timing better fits with the lake sediment data collected by 
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Howarth et al. (2014) which indicates an event occurring between 1389-

1409 AD. It is uncertain what instigated the inferred second disturbance 

event, occurring perhaps 75 years later, but it was significant enough to 

cause aggradation to reach the lower floodplains in the central and southern 

areas of Westland.  

It is tricky to decipher the timing and extent when uncertainty still 

surrounds the possibility of a second event, but gathering more data, in this 

case coring more trees in the lower floodplains of all major catchments, 

would certainly help consolidate the information. More visible cohort 

evidence in the south and central catchments associated with these events 

may currently suggest a more southerly epicenter, but possibly with more 

data a clearer picture would be seen. Due to the remnant trees, however, I 

am inclined to feel that the poor showing of 1400s AD cohorts in the north 

may simply be due to the destruction of older tree cohorts during later 

disturbance events with a relative paucity of such events farther south. 

 The extent and severity of aggradation associated with this event are 

greater than those of any of the other events recorded in this area, which 

suggests either: 

1. that this event (or events) was exceptionally large; or  

2. that there was a significant elapsed time period between this 

event and the one that came before it (which is thought to 

have occurred about 1100 AD (Fig. 6.1.1); or 

3. that this event took place on a fault within the Southern Alps, 

and therefore caused more landslides than an earthquake on the 

range-front Alpine fault. 

  



 193 

C.1620 AD Event 
 

The c.1620 AD West Coast earthquake event has been attributed 

previously to the Alpine fault (Yetton 2000; Howarth et al. 2014), however 

Briggs et al. (2018) note that this event has several paleoseismic and 

geomorphic traits that do not correspond well with what would be expected 

from an Alpine fault event. They therefore investigated whether this event 

may have resulted instead from a rupture on a currently unknown fault, or 

series of faults (e.g., Hamling et al., 2017), located in the western Southern 

Alps, near the northern part of the central segment of the Alpine fault. One 

trait they used to explain this hypothesis is the widespread meter-scale river 

floodplain aggradation that has been associated with the c.1620 AD event. 

The present study shows that aggradation was indeed significant and 

widespread following this disturbance. 

Predominantly visible in the central to more northerly areas of the 

Westland region, the C.1620 AD event precipitated a massive aggradation 

episode, creating new surfaces available for colonization over many of the 

floodplains, which is evident in the dominance of cohorts from this time 

period occupying the lower reaches of the Wanganui, Whataroa, and 

Ohinemaka floodplains (figure 6.1.2). Terraces in the upper reaches of the 

Whataroa, Omoeroa and Karangarua also date to the 1600s AD, although 

interestingly at this time there is no tree ring evidence of this age on the 

Karangarua’s floodplain. 

Davies and Korup (2007) dated a massive deposit of medium sand (4-

5 m deep) to c.1650 AD in a fan deposit in the Waiho-Callery catchment 

(the Callery river enters the Waiho just upstream of the SH6 road bridge) to 

the north of the Karangarua, and Duncan (1993) found tree cohorts dating 

to this time period on the Ohinemaka floodplain to the south. So, the fact 

that the Karangarua floodplain, in between those two places, does not show 
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tree cohorts from this time period is curious. Even the catchment farthest 

south, the Waiatoto, shows evidence of tree establishment in this time 

period, although the cohorts appear to have trees of many ages. However, 

this may be due to the relatively low-altitude and low-gradient of this 

floodplain, in which floods most likely inundate large areas, wiping out a lot of 

the vegetation, while retaining patches here and there that are in some way 

protected. It would be worthwhile to core more trees on the floodplains of 

both catchments to learn more. 

Although this event has been attributed to the northern and central 

segments of the Alpine fault in the past (e.g., Yetton, 2000; Howarth et al., 

2014), and the far-reaching aggradational effects due to this earthquake 

may mean that it was of unusually large magnitude, another possibility is 

that the fault that ruptured was within the Southern Alps, and therefore 

created more substantial landslide effects, rather than on the Alpine fault 

located at the range front (Briggs et al., 2018). Large earthquakes on faults 

(or fault systems) other than the Alpine fault can have larger localized 

impacts on river behavior west of the Southern Alps, and the c.1620 AD 

earthquake may not have been an Alpine fault event. This might help explain 

why the Karangarua shows little, if any effect on the floodplain due to this 

event, whereas the Whataroa and other floodplains show major aggradation 

during this time period rather than after the previous or following events, 

which are believed to be and known to be (respectively) due to a rupture on 

the Alpine fault of large extent. The 1717 AD Alpine fault earthquake, by 

comparison, appears to have caused much less aggradation. 

 

1717 AD Event 
 

Due to the existence of on-fault rupture evidence, the 1717 AD event 

is known to have been caused by an earthquake with a moment magnitude 
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of Mw 8.1 ± 0.1, based on the approximately 380-km-long surface rupture of 

the Alpine fault (De Pascale and Langridge, 2012). It is believed that in just a 

few seconds the land on the south-eastern side of the fault moved 2-3 m up 

in relation to the north-western side, and perhaps 7–8 m south, in most 

places (Upton et al., 2018). Although this event affected much of Westland 

from north to south, it appears to have caused a smaller episode of 

aggradation than previous ones and was limited to the upper reaches of 

most catchments. 

The Wanganui (figure 6.1.2) has remnant trees on the upper floodplain 

dating to the mid 1700s AD (1745 AD), but younger cohorts ranging from 

the late 1700s to early 1800s AD dominate. The Whataroa, to the south, 

has terraces with remnant trees dating to the 1600s AD, but the main pulse 

of tree growth occurs in the early 1700s AD, and the upper floodplain is 

dominated by young trees mostly establishing after 1720 AD (Cullen et al., 

2003). The Karangarua catchment has terraces dating to the 1700s AD and 

tree cohorts on the upper floodplain mostly dating to the early 1800s AD. 

About midway down the upper floodplain, however, there is a cohort dating 

to 1733 AD, with what appear to be two growth pulses occurring in the late 

1700s and mid 1800s AD. The Waiatoto catchment does not have cohorts 

dated specifically to this time frame, but there does appear to be a pulse of 

tree growth on the lower floodplain occurring in late 1700s to early 1800s 

AD as well as dunes dated to approximately 1728 AD (Wells and Goff, 

2007). 

The smaller aggradational extent could mean that this event had less 

intensity or shaking, or a smaller magnitude than the c.1620 AD event. The 

fact that cohorts from this event are less evident in the Saltwater and 

Okarito forests, which are very near the coast, give some credence to this. 

However, an alternative explanation could be that the unequal time intervals 

between events led to disproportionate amounts of sediment storage and 
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subsequent aggradation. There was approximately 160 years of 

accumulation time (between major disturbance events) before the c.1620 

AD event and perhaps two thirds of that time (~100 years) before the 1717 

AD event, therefore more sediment may have been available for aggradation 

during the c.1620 AD event than during the 1717 AD one. However, if the 

c.1620 AD event was precipitated by an unknown fault within the Southern 

Alps, this would also explain the difference in landslide material available for 

aggradation.  

 A third possibility could be that the rupture location on the range 

front of the mountains meant that a substantial portion of the seismic 

energy affected lowland areas to the west, with only a minor proportion 

causing landslides in the mountains. There was no evidence found for a north 

or south bias in effects of the event on cohort establishment patterns, so 

the epicenter location was most likely central to Westland (Yetton, 1998). 

The extreme length of the fault rupture, along most of the terrestrial Alpine 

fault trace (figure 6.1.1), might help to explain this outcome. 

Whichever fault ruptures, however, there should be widespread ground 

shaking and landsliding, putting sediments in motion to eventually form 

dunes at the coast. A possible measure of event size might be to estimate 

the volume of sand dunes (Goff, J., pers. comm., 2020). Large volumes are 

more likely to mean bigger event magnitudes.    

 

1826 AD event  
 

This smaller disturbance event is thought to have occurred not as the 

result of an earthquake on the Alpine fault, but rather resulting from one 

occurring in Fiordland. In 2004, Goff et al. performed a detailed analysis of 

recent sediments in Okarito Lagoon (figure 6.1.2) in an attempt to 

corroborate sealers reports of earthquakes and tsunami in 1826 AD. They 
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used a suite of diagnostic techniques including sedimentological, 

geochemical, micropalaeontological, geomorphological, and chronological. 

The formation of a stranded shoreline bench was the most distinctive 

geomorphological change resulting from the event and tree ages from that 

bench provide a date range for inundation and formation of the bench 

between 1822-1832 AD. Together with results from the other techniques, 

they determined that there was indeed tsunami inundation at Okarito Lagoon 

in 1826 AD.  

Furthermore, in 2012, Goff reported plausible evidence for an 1826 

AD tsunami affecting the southern west coast using historical documents of 

stranded vessels (found ~400m up the Whataroa River and ~275m up Ship 

Creek near Haast (figure 6.1.2)) as well as contextual geological and 

ecological data. Recently, Chan (2020) performed an analysis at Saltwater 

Lagoon similar to that accomplished by Goff et al (2012) in Okarito Lagoon 

just to the south. He did not find evidence of an 1826 AD inundation, 

however, so it would seem the effects of this earthquake did not reach much 

farther north than Okarito. Wells et al. (2001) found a contemporaneous 

(1820-1830 AD) forest disturbance episode as far north as the Karangarua 

and possibly the Waiho catchments, and the tree evidence from the present 

study also seems to support a southern earthquake as catchments farther 

north appear less affected by this event, but with aggradation perhaps only 

as far north as the Karangarua and, perhaps, the Omoeroa. 

Approximately 80 km northeast of the Karangarua, the present study 

also found cohorts on the first terrace above what might be considered 

active riverbed in the upper Wanganui catchment that date from 1832-1884 

AD. While this may seem to show possible association with the 1826 AD 

Fiordland event, it is hard to say whether these cohorts are a result of a 

relatively distant southern earthquake or a local severe weather event that 

affected the upper reaches but did not come down onto the floodplain. 
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Either way, these cohorts appear to have been caused by a smaller event, 

and they are not found in the more southern Whataroa River catchment. 

Wardle (1978) associated an ~1850 AD terrace at the Waiho-Callery 

confluence (recently buried by the current aggradation episode) to the 1826 

AD event, but it also could  be due to an uncommon or severe weather 

event. South of the Waiho, but north of the Karangarua, the Omoeroa has a 

cohort dating to 1857 AD on the terrace closest to the active riverbed. The 

fact that it is present between the catchments lends credence to the idea 

that the 1826 AD event affected catchments as far north as the Waiho, but 

it is hard to determine if the small scale of the episode is due to attenuation 

of the disturbance intensity as it reached these catchments, or if the episode 

results from an extreme weather event, which may be nearly 

indistinguishable. Farthest south, the Waiatoto floodplain also has trees 

dating from the mid  to late 1800s AD, and the dune sequences record a 

range from 1831-1870 AD (Wells and Goff, 2007). 

The types of disturbance caused by major earthquakes in or adjacent 

to the western Southern Alps, as opposed to earthquakes in Fiordland, have 

an impact on a greater range of land surfaces, which most likely reflects the 

sizable severity and intensity of these events. Cohorts of trees dating from 

the three earthquakes usually thought to be on the Alpine fault (though only 

the 1717 AD event has definite evidence for this) are found along at least 

200 km of the fault, on all major landforms, and were instigated by both 

tree-fall and erosion-sedimentation events (Wells et al., 2001). The 1826 AD 

Fiordland event mainly affected more southerly sites, and land areas adjacent 

to rivers, contrary to an Alpine fault earthquake which can affect all 

landforms and be both synchronous and severe on a regional scale. Wells et 

al. (2001) found that this event disturbed only 10% of the landmass in the 

Karangarua valley as compared with 40% and 49% disturbed landmass for 
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the c.1620 AD and 1717 AD earthquakes respectively, so this event was 

very probably also of lower magnitude. 

 Regardless of the instigating cause, future episodes of aggradation 

that affect Westland floodplains are going to have an impact on West Coast 

infrastructure, commerce, and livelihoods. As most townships, roads, and 

utilities are near to the range front, even smaller aggradation episodes will 

likely cause damage and destruction for some time. With this in mind, 

implications and consequences for Westland due to aggradation episodes are 

next discussed. 

 

6.2 Implications for Future Events 
 

Aggradation on the Westland floodplains is an inevitable consequence 

of the next big Alpine earthquake, whether on the Alpine fault or another 

fault in the region, and the quiescent interval since the last major earthquake 

has been more than twice as long (over 300 years) as that before the 1717 

AD earthquake. Not only will there be more stored sediments available in 

upland catchments to be mobilized into a sediment pulse moving 

downstream, but the magnitude of the earthquake is likely to be large due to 

the unusually long period of accumulating tectonic strain available to be 

released by the next event. A large event will also initiate a lot of landslides 

that will fall into western catchments and add to the already abundant 

sediment stores, which will likely lead to hazards such as landslide dams, 

outbreak floods, avulsion and aggradation. 

Robinson et al. (2016) estimated that an Mw 8.0 earthquake on the 

Alpine fault could generate approximately 30,000-70,000 coseismic 

landslides, affecting close to 7,000 km2 along the western range front of the 

Southern Alps. Sixteen larger river catchments are identified as being most 

severely affected by landsliding, which includes all west-draining catchments 
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in the central Southern Alps. The Waiho-Callery catchment near Franz Josef 

is anticipated to be one of the worst affected in terms of landslide 

number, producing ten times more landslides than average for the size of the 

catchment. 

 Once an event has occurred, river catchments and floodplains will 

begin to adjust immediately. Many rivers will be completely dammed for a 

period of time (days-years), only for the dams to eventually overtop and fail 

causing downstream flooding and debris flows. The small sediments, the 

fines, will be flushed out to sea relatively quickly, probably within 5-10 years, 

but the larger sediments will be moved around to best accommodate river 

flow, instigating channel avulsions and aggradation as they make their way 

through the river system. This process could take from 10 to 50 years 

(Wells and Goff, 2006, 2007). 

Another important factor to consider is that the current floodplains are 

no longer covered by thick podocarp forests as they were during past 

aggradation episodes, so the progression and perhaps the extent of 

aggradation are likely to be different from those inferred from previous 

events. It seems likely that future aggradation will be more extensive, since 

forests inhibit rather than encourage sediment movement through them; the 

same effect will hasten the progression of aggradation through the river 

system. The difference in lengths of the floodplains from north to south may 

also play a role in duration of sediment movement through a river system, 

with the sediment pulse taking less time to pass through the shorter 

floodplains in the south. In any case, the devastation that aggradation will 

cause to Westland will be extensive and prolonged.  
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6.3 Aggradation Hazards 
 

Where can aggradation be expected? 
 

The floodplains of Westland, and the townships, industry and 

infrastructure located on them, are highly susceptible to aggradation 

hazards. Local events such as the aseismic 1999 Mt. Adams rockfall into the 

Poerua River, resulting in a landslide dam, dam break, and subsequent river 

channel avulsion, for example, can occur without any perceptible triggering 

event and can affect the catchments into which they fall for up to a decade 

or more. Coseismic landsliding caused by a high magnitude rupture of the 

Alpine fault, or another fault within the Southern Alps, on the other hand, will 

have a much more detrimental effect on the region as a whole. Large 

amounts of sediment will fall into multiple Westland river catchments 

synchronously, leading to landslide dams, outbreak floods, and pulses of 

sediment that can cause meter scale aggradation of fans and floodplains 

(Briggs et al., 2018), and initiate unpredictable avulsions of main river 

channels for perhaps decades following the event. 

 In any given earthquake event, not every catchment will necessarily 

be affected, as the magnitude, rupture length, and the particular fault that 

ruptures will all play a role in the ensuing impacts. The 1826 AD earthquake, 

thought to have occurred in Fiordland, for example, seemed to affect mostly 

southern catchments and floodplain areas closer to the river corridor. Those 

earthquakes thought or known to have ruptured the Alpine fault (c.1460 and 

1717 AD, respectively) appeared to affect all catchments from north to 

south, seeming without bias. The modelled outcomes of the controversial 

c.1620 AD earthquake, which may have ruptured a currently unknown fault 

within the Southern Alps, shows bias towards catchments nearer to the 

modelled rupture location. 
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The aggradation in Westland resulting from these earthquakes as 

interpreted through cohort age dating of floodplain surfaces shows major 

aggradation of catchments from north to south for the c.1460 AD event, 

major aggradation in some catchments more than others resulting from the 

c.1620 AD event, with less extensive aggradation resulting from the 1717 

AD event. It appears that aggradation will be a major hazard somewhere in 

Westland, or potentially everywhere, no matter the fault that ruptures, and 

because over 300 years has elapsed since the last major event on the Alpine 

fault (or another fault in the Southern Alps) it is plausible that the next 

event will not only be large, but will add to ample sediment already stored in 

catchments. It is probable that all Westland floodplains will be affected to 

some degree. 

Davies et al. (2005) describe a characteristic morphology that 

develops at the head of an alluvial fan that occasionally receives substantial 

sediment input following large mass movements, causing rapid fan head 

aggradation. These fan heads develop at the range front and become 

anomalously steep, with young surfaces underlain by soils buried between 

layers of river gravels. Rivers are normally entrenched into these fan heads, 

which will endure as an elevated, incised fan surface that is generally non-

floodable after the excess sediment has been worked through the river 

system (figure 6.3.1). These fan heads, of which there are many in 

Westland, are evidence of areas of past large aggradation episodes and 

therefore are likely locations of future hazards. It is important to recognize 

that these areas that appear at present to be out of reach of river flooding 

may in fact be vulnerable to inundation and aggradation after the next large 

input of sediment. 
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Figure 6.3.1. Depiction of a steep, range front alluvial fan head (from Davies 
et al., 2005, figure 12). 
 
How much aggradation can be expected? 
 

There is substantial evidence for the emplacement of large aggradation 

deposits in Westland in the past, and the likelihood of it happening again 

following the next major earthquake is therefore high. Various researchers 

(e.g., Berryman et al., 2001; Davies and Korup, 2007; Briggs et al., 2018) 

investigating the amount of aggradation there has been in Westland 

catchments in the past, and amounts likely to accrue in the future, have 

estimated anywhere from millimeter to meter depths on alluvial fans and 

floodplains, although for a number of potential reasons (field site bias, 

variable depth spatially), modelled estimates are generally less than the 

meter-scale depths recorded in the field. 

Berryman et al. (2001) describe buried soils dating to the c.1620 AD 

event on the Whataroa fan, representing several meters of aggradation, and 

Davies and Korup (2007) uncovered a deposit of massive medium sand at an 

approximate depth of 4-5 m in a trench at the Waiho-Callery fan dating to 

c.1650 AD. Although undated, massive sand deposits and fluvial gravels at 

an approximate depth of 5 m were also discovered in the Fox River (figure 

6.1.2.). Briggs et al. (2018) have also estimated that, as in a modelled 
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Alpine fault event (Robinson et al. 2016), west-draining catchments are 

significantly more affected than east-draining catchments following a 

modelled event on another fault in the Southern Alps (figure 6.3.2). 

Mentioned previously as a potential measurement for approximating 

earthquake magnitude, estimating the volumes of the coastal sand dunes 

related to particular river sediment loads might possibly measure aggradation 

by association. Assuming a specific percentage of the sediment load is sand, 

and the dune volume can be estimated, then the sediment load from an 

event, and potentially the aggradation depth for that catchment, might be 

extrapolated (Goff, J., pers. comm., 2020).        

 
 
Figure 6.3.2. Modelled earthquake average aggradation depth by catchment. 
Boxes show ± 1 SD and the mean (central bar) and dashed lines with bars 
show ± 2 SD from mean (Briggs et al., 2018, figure 7).  

 

During overbank flooding, which will be more common with an 

aggrading river, fine sand and silt could be deposited up to a meter in depth 

across the floodplain, while the main channel moves around the floodplain as 

sediment builds and the river avulses. This could leave behind perhaps up to 

4 m of gravels locally (Davies, T., pers. comm., 2018). The state of the 

current floodplain compared to its previous condition is another factor to 
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take into account when estimating the potential aggradational impact of a 

future event. During the last major event (1717 AD) the floodplains were 

covered in podocarp forests, while presently most floodplains have been 

cleared for dairy or other agricultural purposes. It is likely that the lack of 

trees will hasten aggradation as there are fewer obstacles to impede 

movement of water and sediments. The process may allow sedimentary 

deposits to spread more evenly across a floodplain, with smaller depths, or 

perhaps rivers will more quickly move and avulse across the floodplain as 

they encounter land free of forests. 

Westland district contains a number of lakes, and if a river flows into 

one during an aggradation period, it may prolong the aggradation process. As 

the influx of sediment deposits into the lake, the riverbed will lengthen as a 

fan is created out into the lake. For the river to maintain its gradient, it must 

continue to aggrade, so a lake may act as a sink, with aggradation continuing 

until it fills. Near Whataroa, a slip in Gaunt Creek that occurred ~1918 AD 

produced a sediment influx into the Waitangitoana River (figure 6.1.2) 

leading to massive sediment buildup. In 1967 AD, triggered by a minor flood, 

the river avulsed and shifted its flow from its initial direction toward the 

Tasman Sea, south to Lake Wahapo. Subsequently, the lengthening of the 

river profile caused fluvial scour and fan head trenching which, in 1982 AD, 

undermined parts of the SH6 road bridge foundations (Korup, 2004a). 

Potters Creek, near Franz Josef, is another vulnerable lake-river system. The 

creek currently flows into the lake intermittently, but with added sediment 

influx it could cause lasting havoc for the roadway into the township. 

 

How long will aggradation last? 
 

The duration of an aggradational episode, or the length of time it takes 

for a sediment pulse to pass through a river system and the river to return 
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to its pre-aggradation state, depends on factors such as stream power, 

gradient, amount and type of sediment, and the length of the river. Near the 

range front, the alluvial fan heads will be the first to aggrade as the sediment 

is released from the confinement of the river gorge out onto the floodplain. 

As mentioned before, the alluvial fan heads are often anomalously steep for 

this reason. In 1999 AD, following the failure of the Mt. Adams landslide dam 

in the Poerua river (figure 6.1.2), aggradation at the farthest upstream 

section is thought to have peaked about 6 years after the event, when the 

river then began to cut down into the fan head again (Davies and Korup, 

2007). It was calculated that between 1999 AD and 2003 AD, 

approximately 5 x 106 m3 of material, or about 50% of the emplaced 

material, had been eroded from the landslide dam site (Korup et al., 2004; 

Hancox et al., 2005). Four years is a very short amount of time to have 

moved such a large amount of sediment. 

Farther downstream, finer gravels built up on the riverbed causing 

aggradation and more frequent overbank flooding, but these effects have so 

far been managed by individual farmers who have erected stopbanks to keep 

the main river in its normal course. The sediment forced to remain in the 

river by the stopbanks, however, may cause future aggradation problems 

farther downstream at the SH6 road bridge, that otherwise would not have 

occurred if the river had been allowed to deposit its sediment across 

farmland upstream. 

Because of the great depth of aggradation on the fan head, attempts 

to maintain the river in its previous course were entirely unsuccessful. Davies 

and Korup (2007) stated that aggradation is only manageable if the excess 

supply of sediment to the river is of limited volume. In the case of the Poerua 

river, the aggradation farther downstream is manageable because much of 

the coarse sediment is depositing on the fan head. If aggradation of the fan 
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head had somehow been prevented, the sediment would have translated 

farther downstream and been much more difficult to manage. 

The Poerua River aggradation episode, which was due to one aseismic 

landslide, lasted for nearly a decade. After the next major Westland 

earthquake event there will be many landslides in many catchments, and the 

amount of sediment delivered to river systems will be enormous and fairly 

synchronous. Robinson et al. (2016) modelled an Mw 8.0 earthquake on the 

Alpine fault in order to calculate the potential number of coseismic landslides 

it could produce. They estimated that in the area of most intense landsliding 

~50,000 ± 20,000 landslides at average densities of 2–9 landslides/km2 are 

possible, and between 50% and 90% of them are expected to occur within a 

7000 km2 zone between the main divide of the Southern Alps and the Alpine 

fault. The aggradation impact to Westland following such an immense 

sediment influx to its rivers will be much more detrimental and last a lot 

longer than the ~10 years of upheaval on the Poerua. 

In 2002, Goff and McFadgen proposed a model for the seismic driving 

of environmental changes in New Zealand, based on the c.1460 AD event, in 

which they describe a “seismic staircase” (figure 6.3.3) that shows “a 

chronological progression of environmental outcomes that includes tsunami, 

rock avalanches, vegetation disturbance, rapid coastal dune building, river 

aggradation, and abandonment of prehistoric coastal settlements (p. 

2229).” In this model, either directly by submarine fault rupture and/or 

earthquake-generated landslide, tsunami propagation occurs immediately. 

Since tsunami deposits have been found from this time period on both the 

east and west sides of both main islands, and possibly as far away as eastern 

Australia, the impact from this event appears to have affected all of New-

Zealand and perhaps parts of Australia. 
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Figure 6.3.3. Seismic Staircase showing the estimated time frames for 
environmental disturbance following an earthquake (from Goff et al., 2016, 
figure 1a). 
 

Landslides and vegetation disturbance also occur at the time of fault 

rupture, and landslides in the upper river catchments would produce large 

quantities of sediment (both fine and coarse) for downstream transport. The 

finer sediments move rapidly to the coast, and then move alongshore to 

initiate coastal dune building, which from the production of sand dunes along 

the southwest coast of Westland, the duration of these aggradation 

episodes can be estimated. 

Wells and Goff (2007) analyzed five dune systems that formed along 

the coast adjacent to rivers from the Haast in the North to the Okuru in the 

south, and found that progradation and dune building occurred relatively 

quickly, with fines beginning to arrive at the coast within 5 years, and entire 

dune-building episodes spanning perhaps 10-50 years. Although geologically 

brief, 10-50 years is a long time for people on the floodplains to be dealing 

with a river adjusting to a high load of sediment. It must be noted as well 

that the dunes represent the fines, and larger sediment will be making its 

way downstream over an even longer period of time, probably multiple 

decades, prolonging the aggradational impact. 
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What does this mean for Westland and the South Island? 
 

 When the next big event (Mw 8+) occurs on the Alpine fault, or on 

another fault within the Southern Alps, there will be serious ground shaking 

(Robinson and Davies, 2013). This will affect all of the South Island to some 

extent, and likely parts of the North Island as well. Depending on the location 

of the epicenter and the speed of the rupture, the duration of shaking has 

been estimated to last for perhaps 70±20 seconds for an epicenter central 

to the fault, and 140±50 seconds for a distal epicenter (Robinson and 

Davies, 2013). Using the Modified Mercali (MM) Intensity scale, which grades 

earthquakes from 1-10 on the effects they have, the whole of the South 

Island will register at least strong shaking (MM5). On the east coast, 

Christchurch will register slightly damaging shaking (MM6), and increasingly 

stronger shaking will be felt moving west towards the fault. Destructive 

shaking (MM9) will occur along the fault, with most of Westland experiencing 

destructive and heavily damaging (MM8) shaking. 

Most of the populated areas in Westland are near the range front and 

very close to the fault line. Franz Josef is actually built on top of the fault 

trace! The initial damage from shaking will be extreme and infrastructure 

such as buildings, roads and bridges, as well as lifelines like communication 

towers, power conduits and water and sewer lines will all be affected. When 

the shaking stops, many communities will be isolated for some time as cell 

phone towers and landlines go down, and road access disappears for many.  

Unprecedented coseismic landsliding is likely to occur along the entire 

rupture length with the greatest damage in the highest intensity shaking 

zones. Roads will immediately close as perhaps thousands of landslides fall 

into narrow mountain gorges, blocking all three roads leading to Westland. As 

with the 2016 Kaikōura earthquake, the expected damage to roads will mean 

that air and sea routes will likely be the only options for immediate 
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emergency response and recovery operations. Difficult and changeable 

weather conditions on the West Coast will hamper these routes, as will a lack 

of ports between Hokitika and Milford Sound. Isolated communities in the 

region will likely be entirely reliant on air access, mainly helicopters, for 

provisions and supplies for weeks or months (Robinson, 2018). Tourists, of 

which there could be multiple thousands in the Franz Josef and Fox glacier 

areas, will most likely need to be evacuated by helicopter as well, which will 

make for an extended rescue operation. It must not be forgotten that other 

areas of the South Island will also be dealing with upheaval, so the availability 

and allocation of funding, equipment and manpower will play a large role in 

the duration of recovery on the West Coast. 

After the Kaikōura earthquake, road blockages began to be cleared 

just two days after the event, but it took over three weeks to restore 

supervised access to all isolated communities. The steep terrain, continuing 

aftershocks, and probable poor weather on the West Coast will make 

recovery and restoration roadworks there very difficult to accomplish. 

Confined mountain passes will be the most difficult to restore because 

rerouting is not an option and landslide debris will have to be removed. Road 

crews will be restricted to the outer-most blocking landslides rather than 

working on multiple slips at once, so clearance times will be longer. The New 

Zealand Transport Agency (NZTA) estimates that it could be up to six 

months before road restoration could even begin on SH6 south of Franz 

Josef and east of Haast, as well as on Arthur's pass. However, these 

estimates do not take into account possible road bridge failure or collapse, 

which could be as challenging for road construction works as that of a 

surface fault rupture or landslide (Robinson, 2018).  

Another factor that has often been omitted from response scenarios is 

the volume of sediment a large earthquake and its aftershocks will release 

into river systems, and the impact that will have downstream. Sediment 
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amounts will not only be substantial, but will be deposited in many 

catchments simultaneously, bringing hazards that include landslide dams, 

increased flooding, debris flows, avulsion, and aggradation to the towns, 

farms, and infrastructure on the range front and floodplains. These hazards 

could hinder recovery and restoration efforts for years after the initial event 

and mostly haven't been considered in disaster scenario research.   

On the more densely-settled east coast, the Waimakariri river flows 

east from its mountain source over extended floodplains towards 

Christchurch. It has a much longer distance to travel (~140 km) to reach the 

ocean than West Coast rivers (~30 km), passing towns and farmland before 

reaching the ocean north of the city. Also, in its upper catchment there are 

wide braidplains that can reduce and delay aggradation episodes passing 

through to the more densely occupied Canterbury Plains. Furthermore, until it 

approaches about 30 km from the coast the Waimakariri River is incised by 

many meters into the floodplain, so avulsion will only be a problem seaward 

of this point. 

Finer landslide sediments will move quickly to the coast, causing beach 

progradation and dune formation, while coarser sediments will form a more 

delayed and elongated pulse. Where the riverbed is level with the floodplain 

there are flood banks (stopbanks) extending all the way to the sea, and the 

river will aggrade between these, reducing flood control capacity. To offset 

this, the stopbanks will have to be raised, but how much aggradation will 

occur, and how quickly, as the bedload pulse passes through is difficult to 

estimate. The depth may be of meter-scale (T. Davies, pers. comm., 2019). 

There is evidence that past events have caused channel avulsion and 

aggradation of the Waimakariri and may have caused the river to avulse to a 

different entry point to the ocean. If that happens following a major 

earthquake, it will affect the complex balance between terrestrial and coastal 

sediment transport processes. The geomorphological changes to the coastal 
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area will begin soon after a major earthquake (liquefaction and dune 

development) but may continue for perhaps hundreds of years as spits and 

barriers are created and bays and estuaries are rearranged (McFadgen and 

Goff, 2005). It is clear that if the flood banks cannot be managed to cope 

with the Waimakariri aggradation, the city of Christchurch will be severely 

affected, and will most likely be in recovery and management for many 

decades. 

Rivers on the West Coast will have similar, but more rapid and intense 

issues due to landsliding and sediment transport. The smaller sediments, 

fines and sands, will create dunes along shore at the mouths of rivers within 

5-10 years, and coarser gravels will deposit within river channels and on 

alluvial fans and floodplains, causing aggradation that is estimated to be on 

the order of meters (T. Davies, pers. comm., 2019). Overbank flooding and 

channel avulsion will be more common as aggradation continues, reactivating 

with heavy rains and aftershocks. These types of hazards could continue for 

many years or even decades. After aggradation peaks, likely within 10 years 

at the range front, re-incision of the river will only very slowly rework the 

sediment deposits, so there will be long-term effects. Additionally, landslides 

that fall onto any of the large glaciers in the Southern Alps may induce 

glacial advance of several kilometers (Robinson and Davies, 2013), and 

although it is currently unknown what effect this will have on the proglacial 

aggradation of rivers, it is likely to be consequential. 

The range front will most likely still be the best place for roads and 

towns to be located following a major earthquake, as it is at least known 

where the rivers will be as they flow out of the mountains onto the 

floodplain. At the range front there may be from one half to one kilometer of 

riverbed width for a bridge to span in some catchments, but on the 

floodplain, the river channels will be moving around unpredictably by perhaps 

several kilometers. Roads and bridges will have to be rebuilt with the 
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understanding that substantial aggradation, lasting decades, will be coming. 

The bridges may have to be built high over the river channel with the 

approaches built up as well. This will be a challenge for road engineers as it 

could be 10-20 years before the range front aggradation settles down. 

 On the floodplains, pastures, roads, farmhouses, and stock and dairy 

buildings could all be at risk at some point. Formal agriculture based on 

permanent paddocks may not work in an environment of river avulsions and 

overbank flooding. If a main channel is headed for an expensive dairy shed, it 

quite likely will not be saved, but if overbank flooding is threatening a 

farmhouse, it might be protected by circular stopbanks, or ring bunds, placed 

around it. This technique may work for whole townships as well, if they are 

out in the floodplain like that of Whataroa. Of course, this brings challenges 

such as linking to roads, and drainage of surface water within the bund. 

Some residents or townships may choose a managed retreat, building 

temporary, movable structures that can be relocated more quickly and easily 

than permanent ones, to live nomadically. 

 The recovery will take time and a lot of money and effort. Not only will 

construction and repair be difficult and expensive, but primary activities such 

as dairying, farming, coal mining, forestry, logging, fishing and tourism will go 

down in productivity or stop producing all together for a time. It will be a 

struggle lasting decades before Westland is relatively quiescent again and, 

unfortunately, it may not last long. The present study found evidence to 

support the idea that the c.1460 AD event may have actually been two 

events spaced 50-75 years apart. If a secondary earthquake were to 

eventuate following the next large earthquake on the Alpine fault, or another 

fault within the Southern Alps, it would be devastating for the West Coast. 

 As there is a 30% probability of a large (Mw 8+) earthquake occurring 

on the Alpine fault in the next 50 years, there are many groups working on 

researching and planning for the event (e.g., Orchiston et al., 2018; Zorn et 
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al., 2018). The Canterbury earthquake sequence and the more recent 

Kaikōura earthquake have created considerable national, regional, and local 

awareness regarding earthquakes and their consequences, and the data and 

experience gained from them are invaluable for Civil Defence Emergency 

Management (CDEM) groups and others. Modelling of risk management 

scenarios and outcomes for infrastructure, industry, and commerce are 

ongoing. However, I believe adding an aggradation hazards component to the 

scenarios will better prepare Westland residents and government agencies 

for the coming challenge.   
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Chapter Seven 

 

Summary and Conclusions 
 

The aim of the present study is to better understand the aggradation 

history of the Westland area of New Zealand’s South Island. This area is 

vulnerable to infrequent, yet major earthquakes (whether due to an Alpine 

fault rupture, or a rupture on a different fault within the Southern Alps) and 

the sequences of consequential hazards that follow. The resulting disruption 

and damage to society, infrastructure, and commerce throughout the region 

could be ongoing, lasting for some decades. Therefore, in an effort to better 

clarify the potential effect of aggradation hazards on these areas following 

the next large event, the objective for the present study is to use tree ring 

dating to estimate the surface ages of lowland terraces and floodplains. By 

combining previous datasets, acquired for forest structure and disturbance 

event dating purposes, with new data collected from five catchments within 

Westland, a more complete picture of past aggradation history was 

developed. 

 

This study has reached the following conclusions: 

 

1. Four aggradation episodes were detected in the areas studied, with 

considerable variation among the catchments and between events. 

The earliest event seen in the data (c.1460 AD) is widely assumed to 

have occurred on the Alpine fault and appears to have caused major 

widespread aggradation. Trees dating to this period have been found 

far down the lower floodplains of most catchments, although in all but 

a few of these catchments they appear to be survivor trees within 
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younger cohorts. The pattern created from the timing of survivor trees 

and cohorts dating to this time seems to support the supposition of 

Wells and Goff (2007) that suggests the c. 1460 AD disturbance 

episode was in fact two events about 50-75 years apart. In most 

catchments, evidence of this episode (or episodes) is partly obscured 

by a younger episode overrunning the older one. The implications for 

the West Coast if a second large earthquake follows the first only 50 

years later are harrowing.   

2. A younger episode (c.1620 AD) also reached far down the floodplains 

in a number of catchments but was not found on the floodplain of the 

Karangarua River. This catchment shows evidence of this event in the 

upstream terraces, but the floodplain cohorts show only older, or much 

younger trees. The discrepancy between catchments for the c.1620 

AD episode may support the idea that the instigating earthquake 

event took place on a fault within the Southern Alps rather than on the 

Alpine fault (Briggs et al., 2018), and therefore the catchments 

reacted differently for this episode than was seen for the previous 

Alpine fault event. 

3. The 1717 AD earthquake was definitely due to an Alpine fault rupture 

(De Pascale and Langridge, 2012) and the aggradation it produced, 

though region-wide, was less extensive than the two previous events. 

It may be that the interval between events was not sufficiently long 

for mass movement processes to generate large amounts of sediment, 

or perhaps the seismic energy of the range front 1717 AD earthquake 

affected western lowland areas more than the mountains to the east, 

resulting in fewer landslides. Whatever the cause, this episode did not 

extend past the upper floodplains. 

4. The most recent aggradation episode is thought to have resulted from 

a historically-documented 1826 AD Fiordland earthquake as it mostly 
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affected southern catchments. Past researchers have speculated that 

the event caused disturbance only as far north as the Karangarua 

catchment. The present study found that this disturbance may have 

reached as far north as the Omoeroa River. Research performed in the 

Okarito Lagoon (Goff et al., 2004) found evidence of tsunami 

inundation in 1826 AD, however a similar study just to the north at 

Saltwater Lagoon (Chan, 2015) did not. The upper reaches of the 

Wanganui River, farther north, had cohorts dating to this time, but it is 

unclear whether the disturbance was due to this earthquake. 

5. In the future, unknown faults may rupture at any time, and the Alpine 

fault is due for another large event to occur. Based on the 

paleoseismic record, the next major earthquake is expected to be of 

large magnitude (Mw 8+) and to trigger a large number of landslides 

(~50,000 ± 20,000), which will generate vast amounts of coseismic 

sediment (up to 1.7 km3; Robinson et al., 2016) in mountain gorges 

and rivers, from where it will make its way to the sea. The data from 

the present study suggest that irrespective of which fault ruptures, 

the aggradation hazard in Westland will be substantial and widespread 

and will affect low-lying areas region-wide along and west of the range 

front for up to several decades.  

6. Infrastructure and population centers are mostly located along the 

range front and serious thought will need to be put into the 

engineering challenges of road and bridge rebuilding, and very possibly 

ring-bank protection for towns and individual structures. The 

floodplains of the major rivers will undergo flooding, aggradation (~1-4 

meters deep), avulsion and flooding for perhaps up to 50 years 

(Robinson and Davies, 2013), necessitating new approaches to restore 

and sustain infrastructure, agriculture, and tourism. The most 
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disruptive time period for range front areas following an earthquake 

event will be the first 10-20 years. 

7. Another point to consider is the fact that the floodplains of today are 

not widely forested, unlike those on which the past aggradation events 

occurred. This is likely to result in future aggradation that is perhaps 

more shallow than past episodes, as it will be able to spread more 

evenly in the absence of the retarding effect of forests on sediment 

motion, but it may also spread farther across the floodplain from the 

riverbeds. The duration of the aggradation episode may be somewhat 

shorter as well, with a more open area for overbank flooding, and 

fewer obstacles (trees/forests) to retard or divert flow. 

8. Future work could include extensive coring campaigns in the lower 

reaches of any of the Westland floodplains to better delineate the 

spatial extent of past aggradation episodes. However, it appears that 

infrastructure at the range front and on floodplains are vulnerable to 

aggradation of nearly any extent. A study of creek fans along the SH6 

corridor may also prove enlightening, and the idea to estimate the 

volume of dune ridges could shed light on earthquake magnitude. 

Investigations that assess differences in the extent, depth and 

duration of aggradation episodes on forested vs. unforested 

floodplains may also be of use. 

9. Based on previous and present data which demonstrate the extent and 

timing of paleo-aggradation events, this project has reinforced the 

reality of the post-seismic aggradation hazard in Westland. The time 

following a major earthquake will be difficult, expensive, and entail 

ongoing management for some decades. The present study also 

suggests that perhaps 50-75 years following the next large event, 

when aggradation has finally settled down on the West Coast, a 

secondary earthquake is a real possibility. 
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1 Wanganui Tree Data                     

2 Malone Farm - Tamara Malone, milking47@xtra.co.nz, 037533324 W1 11/4/14                  

3 Off Robertson road, at "S" turn.    Ring Counts                

4                        

5 Core Number Tree Species Latin Name Diameter (cm) Waypoint Notes Type Number Remainder Ring Count (Geo.) Radius Partial Core Missing Avg. width Addition Est. Age Age ~ Year of Notes     

6       (S,A,C) of 20's  (yrs) (mm) (mm) Radius (inner 20) (yrs) (yrs) (+28 yrs) Colonisation      

7             (mm)           

8 127 Totara Podocarpus totara 58 299  C 10 0 200 290    0 200 228 1786      

9 128 Totara Podocarpus totara 62 300  A 7 7 147 310  37 1.15 32 179 207 1807      

10 129 Totara Podocarpus totara 64 301  C 10 8 208 320    0 208 236 1778      

11 130 Totara Podocarpus totara 49 302  A 9 8 188 245  28 1.42 20 208 236 1778      

12 131 Totara Podocarpus totara 49 303  A 8 14 174 245  21 1.50 14 188 216 1798      

13 132 Matai Prumnopitys taxifolia 67 304  A 9 13 193 335  28 1.35 21 214 242 1772      

14 133 Matai Prumnopitys taxifolia 59 305  A 3 10 70 295  21 3.94 5 75 103 1911 2x arcs    

15 134 Totara Podocarpus totara 62 306  A 10 6 206 310  4 1.16 3 209 237 1777      

16 135 Matai Prumnopitys ferruginea 57 307  A 7 2 142 285  38.5 1.23 31 173 201 1813      

17 136 Totara Podocarpus totara 53 308  A 8 0 160 265  13 1.13 11 171 199 1815      

18 137 Matai Prumnopitys taxifolia 56.5 309  A 5 12 112 282.5  23 1.34 17 129 157 1857      

19 138 Totara Podocarpus totara 50.5 310  A 7 4 144 252.5  36 0.81 44 188 216 1798      

20 139 Matai Prumnopitys ferruginea 49.5 311  A 6 12 132 247.5  10.5 0.35 30 162 190 1824      

21 140 Totara Podocarpus totara 53 312  A 6 8 128 265  27 1.30 21 149 177 1837      

22 141 Totara Podocarpus totara 56.5 313  C 9 17 197 282.5    0 197 225 1789      

23 142 Totara Podocarpus totara 60 314  A 8 7 167 300  29 0.69 42 209 237 1777      

24 143 Matai Prumnopitys taxifolia 53.5 315  A 6 12 132 267.5  35.5 1.30 27 159 187 1827      

25 144 Totara Podocarpus totara 54.5 316  A 9 6 186 272.5  20 2.11 9 195 223 1791      

26 145 Matai Prumnopitys ferruginea 63 317  A 8 18 178 315  4 1.04 4 182 210 1804      

27 146 Matai Prumnopitys ferruginea 56 318  A 9 4 184 280    0 184 212 1802      

28 147 Totara Podocarpus totara 68.5 319  A 11  228 342.5  11 0.83 13 241 269 1745      

29 148 Totara Podocarpus totara 64 320  A 10 10 210 320  12 1.57 8 218 246 1768 x     

30 149 Matai Prumnopitys taxifolia 49.5 321  A 8 8 168 247.5  11 1.64 7 175 203 1811      

31 150A Totara Podocarpus totara 68 322  S 10 13 213 340 293  2.44 19 232 260 1754      

32 150B Totara Podocarpus totara 68 322  S 10 6 206 340 300  3.48 12 218 246 1768 some rot x    

33 151 Totara Podocarpus totara 64 323  A 10 15 215 320  4 1.02 4 219 247 1767 Minimum age, 2x arcs, knot   

34                        

35      11/5/14                  

36                        

37 152 Totara Podocarpus totara 71 325  A 9 17 197 355  4 0.7865 5 202 230 1784      

38 153 Matai Prumnopitys taxifolia 56 326  C 11 1 221 280    0 221 249 1765      

39 154 Totara Podocarpus totara 65 327  A 6 15 135 325  17.5 0.667 26 161 189 1825      

40 155 Matai Prumnopitys taxifolia 67.5 328  A 6 14 134 337.5  12 2.1615 6 140 168 1846      

41 156 Totara Podocarpus totara 61 329  A 8 2 162 305  7 1.119 6 168 196 1818      

42                186 214 1800 Average    

43 Aldridge Farm - west side of La Fontaine river  W2 11/5/14                  

44                        

45 Core Number Tree Species Latin Name Diameter (cm) Waypoint Notes                  

46                        

47 157 Totara Podocarpus totara 81 330  A 7 13 153 405  25 1.83 14 167 195 1819      

48 158 Totara Podocarpus totara 59 331  A 4 9 89 295  55 3.43 16 105 133 1881 wobbly rings    

49 159 Totara Podocarpus totara 57.5 332  A 8 7 167 287.5  14 0.94 15 182 210 1804      

50 160 Matai Prumnopitys taxifolia 77 333  A 7 2 142 385  11.5 3.46 3 145 173 1841      

51 161 Matai Prumnopitys taxifolia 46.5 334  A 7 8 148 232.5  9 1.22 7 155 183 1831      

52 162 Totara Podocarpus totara 66 335  A 5 15 115 330  42 2.42 26 141 169 1845      

53 163 Totara Podocarpus totara 58 336  A 5 17 117 290  43 1.46 29 146 174 1840      

54 164 Totara Podocarpus totara 45.5 337  A 5 18 118 227.5  31 1.45 21 139 167 1847      

55 165 Totara Podocarpus totara 56 338  A 7 13 153 280  8 0.51 16 169 197 1817 Rot at center    

56 166 Totara Podocarpus totara 54 339  A 6 18 138 270  13 1.71 8 146 174 1840      

57 167 Totara Podocarpus totara 55 340  A 7 0 140 275  20 1.43 14 154 182 1832      

58 168 Matai Prumnopitys taxifolia 56.5 341  A 7 2 142 282.5  12.5 1.58 8 150 178 1836      

59 169 Totara Podocarpus totara 63 342  A 7 16 156 315  9.5 1.48 6 162 190 1824      

60 170 Totara Podocarpus totara 76 343  S 12 6 246 380 269  0.38 295 541 569 1445 Questionable midsection, rot   

61 171 Totara Podocarpus totara 50 344  A 8 0 160 250  5 0.68 7 167 195 1819      

62          145.60 Average     178 206 1808 Average    

63                        

64 Aldridge Farm - east side of La Fontaine river  W3 11/6/14                  

65                        

66 Core Number Tree Species Latin Name Diameter (cm) Waypoint Notes                  

67                        

68 172 Totara Podocarpus totara 59 346  A 6 2 122 295  16 1.50 11 133 161 1854      

69 173 Matai Prumnopitys taxifolia 51.5 347  A 7 6 146 257.5  15 2.11 7 153 181 1834      

70 174 Totara Podocarpus totara 42.5 348  A 8 5 165 212.5  5 0.44 11 176 204 1811      
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71 175 Matai Prumnopitys taxifolia 44 349  A 5 12 112 220  17 1.85 9 121 149 1866      

72 176 Totara Podocarpus totara 53 350  A 7 4 144 265  31 1.36 23 167 195 1820      

73 177 Totara Podocarpus totara 42 351  A 7 0 140 210  9 1.14 8 148 176 1839      

74 178 Matai Prumnopitys taxifolia 46.5 352  A 6 18 138 232.5  11 1.08 10 148 176 1839      

75 179 Totara Podocarpus totara 44.5 353  A 7 5 145 222.5  21 1.27 17 162 190 1825 Supression ~45 yrs ago   

76 180 Totara Podocarpus totara 48 354  A 6 7 127 240  15 0.70 22 149 177 1838      

77 181 Totara Podocarpus totara 60 355  C 8 1 161 300    0 161 189 1826      

78 182 Kahikatea Dacrycarpus dacrydioides 83 356 easy to core A 6 4 124 415  13.5 1.08 13 137 165 1850      

79 183 Matai Prumnopitys taxifolia 64 357  A 7 10 150 320  15 1.23 12 162 190 1825      

80 184 Totara Podocarpus totara 57 358  A 7 9 149 285  13 1.48 9 158 186 1829      

81 185 Totara Podocarpus totara 58.5 359  A 7 15 155 292.5  4.5 0.86 5 160 188 1827      

82 186 Totara Podocarpus totara 58.5 360  A 6 12 132 292.5  22.5 1.88 12 144 172 1843      

83          140.67 Average     152 180 1835 Average    

84                        

85 Jones Flat - downstream end, river right across from Hunters Hut W4 5/26/15                  

86 (Probably terrace 3, although they seem to be intermittant, perhaps on silty area from side creek)                  

87                        

88 Core Number Tree Species Latin Name Diameter (cm) Waypoint Notes                  

89                        

90 382 Totara Podocarpus totara 44 572  A 6 15 135 220  20.5 1.97 10 145 173 1842      

91 383 Kahikatea Dacrycarpus dacrydioides 37 573  A 4 4 84 185  21 1.14 19 103 131 1884      

92 384 Kahikatea Dacrycarpus dacrydioides 48 574  A 4 0 80 240  4 0.91 4 84 112 1903      

93 385 Totara Podocarpus totara 44.5 575  A 6 15 135 222.5  33 1.61 20 155 183 1832 Wonky arcs    

94 386 Kahikatea Dacrycarpus dacrydioides 42 580  A/S (1/ 4 2 82 210  32 2.66 12 94 122 1893      

95 387 Kahikatea Dacrycarpus dacrydioides 66 578  S 4 13 93 330 390  2.76 0 93 121 1894 minimum age due to partial core length  

96 388 Totara Podocarpus totara 37 577 rotten C 7 7 147 185    0 147 175 1840      

97 389 Totara Podocarpus totara 39 579  S 6 19 139 195 218  1.23 0 139 167 1848 Wonky rings, minimum age due to partial core length 
98 390 Kahikatea Dacrycarpus dacrydioides 42 576  A 3 14 74 210  10 1.89 5 79 107 1908      

99 391 Totara Podocarpus totara 39.5 581  A 6 4 124 197.5  7 1.52 5 129 157 1858      

100 392 Kahikatea Dacrycarpus dacrydioides 45.5 582  A 4 10 90 227.5  33 1.01 33 123 151 1864      

101 393 Kahikatea Dacrycarpus dacrydioides 41 583  A 6 13 133 205  3 0.82 4 137 165 1850      

102 394 Kahikatea Dacrycarpus dacrydioides 50 584  C 6 12 132 250    0 132 160 1855      

103 395 Kahikatea Dacrycarpus dacrydioides 48 585  A 4 6 86 240  33 2.61 13 99 127 1888      

104 396 Kahikatea Dacrycarpus dacrydioides 56 586  A 4 8 88 280  17 2.08 8 96 124 1891      

105          108.13 Average     117 145 1870 Average    

106 Hut terrace - up Lambert river across from Adams river, where stream W5 5/26/15                  

107                        

108 Core Number Tree Species Latin Name Diameter (cm) Waypoint Notes                  

109                        

110 397 Miro Prumnopitys ferruginea 115 588  S 29 11 591 575 480  0.89 106 697 725 1290      

111 398A Rimu Dacrydium cupressinum 130 587 rotten S 19 3 383 650 222  0.24 1802 2185 2213 -198 wha? OUT    

112 398B Rimu Dacrydium cupressinum 130 587 rotten - lost core C down possum hole S 16 18 338 650 378  1.18 231 569 597 1418      

113 399 Rimu Dacrydium cupressinum 118 589  S 10 13 213 590 480  1.58 70 283 311 1704      

114                        

115 Hut terrace - up Lambert just before stream cut in, back towards hut  5/27/15                  

116                        

117 400 Rimu Dacrydium cupressinum 125 590  S 31 13 633 625 490  0.96 140 773 801 1214 may be starting to arc   

118 401 Miro? Prumnopitys ferruginea 54 591  A 16 17 337 270  20 0.18 108 445 473 1542      

119 402 Rimu Dacrydium cupressinum 70 592 rot A 28 3 563 350  12 0.63 19 582 610 1405      

120 403 Rimu Dacrydium cupressinum 56 593 down scarp, on collapsed terrace edge S 29 9 589 280 261  0.46 42 631 659 1356      

121 404 Rimu Dacrydium cupressinum 85 594 down scarp, on collapsed terrace edge S 21 14 434 425 379  0.98 47 481 509 1506 wiggly bits, hard to read, wonkiness  

122 405A Miro Prumnopitys ferruginea 57 595 rot S 9 10 190 285 136  0.66 227 417 445 1570 Long rings out…    

123 405B Miro Prumnopitys ferruginea 57 595 rot S 10 14 214 285 129  0.70 222 436 464 1551      

124 406 Miro Prumnopitys ferruginea 52 596  A 12 0 240 260  5 0.29 18 258 286 1729      

125 407 Kahikatea Dacrycarpus dacrydioides 65 597  A 11 3 223 325  52 1.72 30 253 281 1734      

126 408 Rimu Dacrydium cupressinum 123 598  S 25 16 516 615 488  1.53 83 599 627 1388      

127 409 Miro Prumnopitys ferruginea 68 599  A 27 12 552 340  34 0.45 76 628 656 1359      

128 410 Miro Prumnopitys ferruginea 45 600  A 15 4 324 225  4 0.24 16 340 368 1647      

129 411 Rimu Dacrydium cupressinum 110 601  A 13 16 276 550  92 2.24 41 317 345 1670      

130 412 Miro Prumnopitys ferruginea 64 602  A 15 18 318 320  19 0.97 20 338 366 1649      

131 413 Miro Prumnopitys ferruginea 68 603  A 34 16 696 340  21 1.75 12 708 736 1279      

132 414 Miro Prumnopitys ferruginea 73 604 H2O spout, rot A 20 6 406 365  4 0.35 11 417 445 1570      

133 415 Rimu Dacrydium cupressinum 60 605  A 17 18 358 300  18 0.30 60 418 446 1569      

134 416 Rimu Dacrydium cupressinum 115 606  S 32 10 650 575 489  1.31 66 716 744 1271      

135 417 Rimu Dacrydium cupressinum 139 608  S 30 18 618 695 463  0.71 325 943 971 1044      

136 418 Miro Prumnopitys ferruginea 71 609  C 25 17 517 355    0 517 545 1470 wonkiness    

137 419 Miro Prumnopitys ferruginea 41 610  A 12 18 258 205  3.5 0.19 18 276 304 1711      

138 420 Miro Prumnopitys ferruginea 79 611  A 21 7 427 395  35.5 1.13 32 459 487 1528      

139 421 Miro Prumnopitys ferruginea 38 612  A 12 12 274 190  9 0.25 37 311 339 1676      

140 422 Miro Prumnopitys ferruginea 51 613  A 14 10 290 255  5 0.47 11 301 329 1686      

141 423 Miro Prumnopitys ferruginea 67 614  S 21 18 438 335 342  1.21 0 438 466 1549 broad 1/2 arc, minimum age due to partial core length 
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142 424 Miro Prumnopitys ferruginea 49 615  A 16 15 335 245  29 1.38 21 356 384 1631      

143 425 Rimu Dacrydium cupressinum 112 619 double trunked S 20 16 416 560 393  1.71 98 514 542 1473 rot     

144 426 Kahikatea Dacrycarpus dacrydioides 119 620  S 24 4 484 595 488  0.58 184 668 696 1319 wedging    

145 427 Rimu Dacrydium cupressinum 116 621  S 24 19 699 580 487  0.46 201 900 928 1087      

146 428 Miro Prumnopitys ferruginea 99 622  S 40 10 810 495 465  0.34 88 898 926 1089      

147 429 Miro Prumnopitys ferruginea 78 623  A 11 0 220 390  18 1.87 10 230 258 1757 2x arcs, knots    

148          424 Average     551 579 1436 Average    

149 Terrace below Hut terrace - Wanganui side (small trees) W6 5/28/15                  

150                        

151 430 Kahikatea Dacrycarpus dacrydioides 38 624  A 2 12 52 190  16 2.39 7 59 87 1928      

152 431 Rimu Dacrydium cupressinum 31 625  A 2 12 52 155  11 3.43 3 55 83 1932      

153 432 Kahikatea Dacrycarpus dacrydioides 31 626  A 2 6 46 155  31 2.87 11 57 85 1930      

154 433 Kahikatea Dacrycarpus dacrydioides 32 627  A 3 7 67 160  8 1.10 7 74 102 1913      

155 434 Miro Prumnopitys ferruginea 29.5 628  A 3 14 75 147.5  9 1.07 8 83 111 1904      

156 435 Rimu Dacrydium cupressinum 32 629  C 4 7 87 160    0 87 115 1900      

157 436 Totara Podocarpus totara 23 630  A 2 9 49 115  20 2.05 10 59 87 1928      

158 437 Rimu Dacrydium cupressinum 38 631  A 2 10 50 190  28 3.03 9 59 87 1928      

159 438 Rimu Dacrydium cupressinum 35 632  A 2 11 51 175  12 3.45 3 54 82 1933      

160 439 Totara Podocarpus totara 31 633  A 4 1 81 155  8 0.99 8 89 117 1898      

161 440 Rimu Dacrydium cupressinum 31 634  A 2 17 59 155  9 1.83 5 64 92 1923      

162 441 Kahikatea Dacrycarpus dacrydioides 21 635  A 3 5 65 105  5 1.17 4 69 97 1918      

163 442 Rimu Dacrydium cupressinum 41 636  A 3 12 72 205  4 1.16 3 75 103 1912      

164 443 Totara Podocarpus totara 18 637  A 3 8 68 90  5 1.14 4 72 100 1915      

165 444 Rimu Dacrydium cupressinum 32 638  C 4 3 83 160    0 83 111 1904      

166 445 Rimu Dacrydium cupressinum 39 639  A 3 7 67 195  16.5 2.43 7 74 102 1913      

167 446 Kahikatea Dacrycarpus dacrydioides 26 640  A 2 12 52 130  7.5 0.96 8 60 88 1927      

168 447 Rimu Dacrydium cupressinum 34.5 641  A 2 4 44 172.5  13 3.20 4 48 76 1939      

169 448 Kahikatea? Dacrycarpus dacrydioides 29 642  C 3 2 62 145    0 62 90 1925      

170 449 Rimu Dacrydium cupressinum 36 643  A 2 4 44 180  15 4.11 4 48 76 1939      

171 450 Rimu Dacrydium cupressinum 31 644  C 3 0 60 155    0 60 88 1927      

172 451 Totara Podocarpus totara 33 645  A 3 17 77 165  12 0.98 12 89 117 1898      

173 452 Rimu Dacrydium cupressinum 32 646  A 4 1 80 160  13 2.06 6 86 114 1901      

174 453 Totara Podocarpus totara 22 648  A 4 2 82 110  4 1.28 3 85 113 1902      

175 454 Miro Prumnopitys ferruginea 27 649  C 5 9 109 135    0 109 137 1878      

176 455 Matai Prumnopitys taxifolia 33 647  A 4 17 97 165  4 0.40 10 107 135 1880      

177 456 Totara Podocarpus totara 22.5 650  A 4 7 87 112.5  9 1.13 8 95 123 1892 ring wedging    

178 457 Totara Podocarpus totara 23 651  C 4 0 80 115    0 80 108 1907 ring wedging    

179                        

180 Lambert side, same terrace                      

181                        

182 458 Rimu Dacrydium cupressinum 38 652  A 2 16 57 190  24.5 2.81 9 66 94 1921      

183 459 Rimu Dacrydium cupressinum 53 653  A 4 4 84 265  31 2.61 12 96 124 1891      

184          68 Average     74 102 1913 Average    

185 River right between DOC trailhead and side creek bridge W7 5/9/16                  

186                        

187 523 Rimu  125 277  A/S 20 1 401 625 477  0.58 256 657 685 1331      

188 524 Rimu  93 278  C 22 7 447 465    0 447 475 1541      

189 525 Rimu  114 279  S 23 10 470 570 490  0.75 107 577 605 1411      

190 529 Rimu  148 285  S 29 10 590 740 484  1.32 194 784 812 1204      

191 530 Rimu  114 286  S 35 3 703 570 476  2.08 45 748 776 1240      

192 531 Rimu  118 287  S 12 9 249 590 472  1.76 67 316 344 1672      

193 532 Rimu  126 288  S 17 4 344 630 477  1.52 100 444 472 1544      

194 533 Rimu  140 289  S 22 0 440 700 475  1.08 209 649 677 1339      

195 534 Miro  155 290  A 6 11 131 775  16 1.44 11 142 170 1846 Not likely this arc is center…   

196  as short, these numbers added… 155   S 5 14 245 775 485  0.61 473 718 746 1270 (114+131)=245 for ring count as short  

197 535 Rimu  166 291  S 17 1 341 830 489  2.76 124 465 493 1523      

198          443 Average     565 593 1423 Average    

199 River right between hot spring and quarry  W8 5/9/16           (w/o outliers)      

200                        

201 526 Totara  38 280  A 3 14 74 190  10 1.84 5 79 107 1909      

202 527 Totara  28 281 & 282 A 2 12 52 140  14 1.64 9 61 89 1927      

203 528 Totara  35.5 283  A 4 17 97 177.5  13 1.91 7 104 132 1884      

204          74 Average     81 109 1907 Average    

205                        

206 Wanganui Terrace Heights - measured in Andrew heights (at eye level) 1 Andrew = 1.7 m                  

207                        

208 Jones Flat 5 Andrews and a bit 8.5 m +                    

209 low grassy te intermittant w/channels                     

210 Terrace belo w5 Andrews and a bit 8.5 m +                    

211 Hut Terrace 7 Andrews above lower terrace 11.9 m 20.4 m up from river                  

212 2 higher terraces                      
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1 Whataroa Tree Data                      

2 River left - 2 creeks upstream of parking area   WH1 12/?/14 Ring Counts               

3                         

4 Core Number Tree Species Latin Name  Diameter (cm) Waypoint Notes  Type Number Remainder Ring Geometric Partial Core Missing Avg. width Addition Est. Age Age ~ Year of Notes    

5         (S,A,C) of 20's  Count Radius (mm) (mm) Radius (mm) (inner 20) (yrs) (yrs) (+28yrs) Colonisation     

6                         

7 187 Rimu Dacrydium cupressinum 69 361   S 22 18 258 345 367  2.20 0 258 286 1728 minimum age due to partial core length 
8 188 Rimu Dacrydium cupressinum 94 362   A 23 16 276 470  27 2.25 120 396 424 1590     

9 189 Rimu Dacrydium cupressinum 64 363   A 9 15 195 320  32.5 1.42 23 218 246 1768     

10 190 Rimu Dacrydium cupressinum 78 364 rot  C 16 19 339 390    0 339 367 1647     

11 191 Rimu Dacrydium cupressinum 72 365 rot  A 11 6 226 360  27 2.16 13 239 267 1747     

12 192 Rimu Dacrydium cupressinum 77 368 buttressed S 11 14 234 385 385  1.69 0 234 262 1752 minimum age due to partial core length 
13 193 Rimu Dacrydium cupressinum 104 369 buttressed S 8 1 161 520 481  3.17 12 173 201 1813     

14 194 Rimu Dacrydium cupressinum 77 370   A 13 16 276 385  20 1.12 18 294 322 1692     

15 195 Rimu Dacrydium cupressinum 68 371   A 10 11 211 340  53 1.56 34 235 263 1751     

16 196 Rimu Dacrydium cupressinum 66 372   A 12 11 250 330  40 1.11 36 286 314 1700     

17 197 Rimu Dacrydium cupressinum 73 373 buttressed A 13 10 271 365  3 1.38 2 273 301 1713     

18 198 Rimu Dacrydium c ~ 100 374 fallen, but some branches still green S 13 3 263 500 442  1.11 52 315 343 1671     

19 199 Rimu Dacrydium cupressinum 64 375   A 12 6 246 320  35 1.88 19 265 293 1721 broad 1/2 arc   

20 200 Rimu Dacrydium cupressinum 55 376 rot  A 13 7 267 275  14 0.31 46 313 341 1673     

21 201 Rimu Dacrydium cupressinum 63 377   S 16 6 326 315 327  0.26 0 326 354 1660 minimum age due to partial core length 
22 202 Rimu Dacrydium cupressinum 53 378   A 10 11 211 265  56 1.22 46 257 285 1729     

23 203 Rimu Dacrydium cupressinum 60 379 rot  S 7 1 141 300 183  1.11 106 247 275 1739     

24 204 Rimu Dacrydium cupressinum 76 380 rot, H2O spout S 9 18 198 380 331  2.35 21 219 247 1767     

25 205 Matai Prumnopitys taxifolia 76 381 river side of old road A 12 14 254 380  32 1.32 24 278 306 1708     

26 206 Matai Prumnopitys taxifolia 62 382   A 11 13 233 310  12 0.38 32 265 293 1721     

27 207 Rimu Dacrydium cupressinum 90 383   A 11 11 231 450  18.5 1.41 13 244 272 1742     

28 208 Rimu Dacrydium cupressinum 62 384   A 11 12 232 310  33 2.26 15 247 275 1739 minimum age, 2x arcs, knot  

29 209 Rimu Dacrydium cupressinum 69 385   S 9 6 186 345 359  0.92 0 186 214 1800 broad 1/2 arc, minimum age  

30 210 Rimu Dacrydium cupressinum 65 387   S 13 2 262 325 367  1.33 0 262 290 1724 broad 1/2 arc, minimum age  

31 211 Matai Prumnopitys taxifolia 57 388   C 15 18 318 285    0 318 346 1668     

32            243 Average     267 295 1719 Average   

33                         

34 Terraces on river left at Perth confluence - below swing bridge  WH2 5/6&7/2016 Ring Counts               

35                         

36 Core Number Tree Species Latin Name  Diameter (cm) Waypoint Notes  Type Number Remainder Ring Geometric Partial Core Missing Avg. width Addition Est. Age Age (+28yrs) Notes    

37         (S,A,C) of 20's  Count Radius (mm) Radius (mm) (inner 20) (yrs) (yrs)       

38                         

39 468 Miro Prumnopitys ferruginea 94 221   S 9 5 185 470 451  2.90 7 192 220 1796 knot, wonkiness   

40 469 Miro Prumnopitys ferruginea 125 222 & 22 rot  A 3 18 78 625  23 3.04 0 78 106 1910     

41 470 Miro Prumnopitys ferruginea 95 224   S 9 12 192 475 376  1.48 67 259 287 1729     

42 471 Miro Prumnopitys ferruginea 103 225   S 8 17 177 515 479  3.10 12 189 217 1799     

43 472 Miro Prumnopitys ferruginea 72 226   A 7 0 140 360  41 1.45 28 168 196 1820     

44 473 Miro Prumnopitys ferruginea 105 227   S 11 13 233 525 489  1.50 24 257 285 1731     

45 474 Rimu Dacrydium cupressinum 85 228   A/S 15 0 300 425  12 0.83 14 314 342 1674     

46 475 Rimu Dacrydium cupressinum 69 229   S 10 16 216 345 389  2.16 0 216 244 1772 minimum age due to partial core length 
47 476 Rimu Dacrydium cupressinum 62 230   A 9 10 190 310  22 0.35 63 253 281 1735     

48 477 Rimu Dacrydium cupressinum 62 231   S 11 5 225 310 346  2.16 0 225 253 1763 minimum age due to partial core length 
49 478 Rimu Dacrydium cupressinum 72 232   A 10 5 205 360  18 0.89 20 225 253 1763     

50 479 Rimu Dacrydium cupressinum 68 233   A 13 0 260 340  11 1.34 8 268 296 1720     

51 480 Rimu Dacrydium cupressinum 49 234   A/S 6 13 133 245  43 3.02 14 147 175 1841     

52 481 Rimu Dacrydium cupressinum 72 235   A 9 5 185 360  30 1.01 30 215 243 1773     

53 482 Rimu Dacrydium cupressinum 74 236   A/S 11 10 230 370 401  2.63 0 230 258 1758 minimum age due to partial core length 
54 483 Rimu Dacrydium cupressinum 69 237   A 13 17 277 345  13 0.99 13 290 318 1698     

55 484 Rimu Dacrydium cupressinum 71 238   A 14 4 284 355  8 0.42 19 303 331 1685     

56 485 Rimu Dacrydium cupressinum 39 239   A 9 8 188 195  18 1.56 12 200 228 1788     

57 486 Rimu Dacrydium cupressinum 91 240   S 10 1 201 455 461  1.86 0 201 229 1787 minimum age due to partial core length 
58 487 Rimu Dacrydium cupressinum 97 241   A/S 10 0 200 485 477  2.45 3 203 231 1785     

59 488 Rimu Dacrydium cupressinum 87 242   A 11 3 223 435  33 2.27 15 238 266 1750     

60 489 Rimu Dacrydium cupressinum 87 243   A 9 18 198 435  60 2.80 21 219 247 1769     

61 490 Rimu Dacrydium cupressinum 108 244   S 10 3 203 540 386  3.38 46 249 277 1739     

62 491 Rimu Dacrydium cupressinum 51 246   A 7 15 155 255  50 2.81 18 173 201 1815     

63 492 Rimu Dacrydium cupressinum 98 245   A 13 0 260 490  94 3.13 30 290 318 1698     

64 493 Rimu Dacrydium cupressinum 88 247   S 11 0 220 440 383  2.59 22 242 270 1746     
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65 494 Miro Dacrydium cupressinum 61 248   S 11 17 237 305 301  0.58 7 244 272 1744     

66 495 Rimu Dacrydium cupressinum 60 249   S 12 1 241 300 403  1.22 0 241 269 1747 minimum age due to partial core length 
67 496 Miro Prumnopitys ferruginea 74 250   A 11 0 220 370  53 2.84 19 239 267 1749     

68 497 Rimu Dacrydium cupressinum 48 251   A/S 9 0 180 240  3 1.22 2 182 210 1806     

69 498 Rimu Dacrydium cupressinum 76 252   A 12 3 243 380  42 1.21 35 278 306 1710     

70 499 Rimu Dacrydium cupressinum 61 253   A 12 0 240 305  23 1.95 12 252 280 1736     

71 500 Rimu Dacrydium cupressinum 69 254   A 10 10 210 345  31 1.10 28 238 266 1750     

72 501 Rimu Dacrydium cupressinum 120 255   A 9 18 198 600  50 3.16 16 214 242 1774     

73            210 Average     227 255 1761 Average   

74       WH3 5/6&8/2016 Ring Counts               

75                         

76 Core Number Tree Species Latin Name  Diameter (cm) Waypoint Notes  Type Number Remainder Rings Geometric Partial Core Missing Avg. width Addition Est. Age Age (+28yrs) Notes    

77         (S,A,C) of 20's  Count Radius (mm) (mm) Radius (mm) (inner 20) (yrs) (yrs)       

78                         

79 460 Rimu Dacrydium cupressinum 112 209-212   S 24 11 491 560 483  1.07 72 563 591 1425     

80 461 Rimu Dacrydium cupressinum 66.5 213   A 13 0 260 332.5  18 0.52 35 295 323 1693     

81 462 Miro Prumnopitys ferruginea 98 214   S 18 3 363 490 478  1.89 6 369 397 1619     

82 463 Miro Prumnopitys ferruginea 92 215   A 25 13 513 460  15 0.75 20 533 561 1455     

83 464 Miro Prumnopitys ferruginea 116 216   S 13 5 265 580 473  1.85 58 323 351 1665     

84 465 Rimu Dacrydium cupressinum 82 218   A 16 15 335 410  15 0.42 36 371 399 1617     

85 466 Rimu Dacrydium cupressinum 57.5 219   A 7 18 158 287.5  12 0.35 34 192 220 1796     

86 467 Rimu Dacrydium cupressinum 117 220   S 9 18 198 585 478.5  1.96 54 252 280 1736     

87 502 Miro Prumnopitys ferruginea 34.5 256   A 6 5 125 172.5  14 0.59 24 149 177 1839     

88 503 Miro Prumnopitys ~ 140 257   S 11 19 239 700 494  2.50 82 321 349 1667     

89 504 Rimu Dacrydium cupressinum 30.5 258   A 3 6 66 152.5  6 2.28 3 69 97 1919     

90 505 Miro Prumnopitys ferruginea 87 259   A 9 15 195 435  29 1.47 20 215 243 1773     

91 506 Rimu Dacrydium cupressinum 51 260   A/S 4 14 94 255 241  1.72 8 102 130 1886 1/2 arcs   

92 507 Rimu Dacrydium cupressinum 52 261   A 8 10 170 260  31 1.09 28 198 226 1790 knot, wonkiness   

93 508 Miro Prumnopitys ferruginea 84 262   A/S 8 1 161 420 418  2.07 1 162 190 1826     

94 509 Rimu Dacrydium cupressinum 69.5 263   A 10 4 204 347.5  8 0.77 10 214 242 1774     

95 510 Rimu Dacrydium cupressinum 60 264   A 7 0 140 300  43 1.66 26 166 194 1822     

96 511 Rimu Dacrydium cupressinum 46 265   C 7 11 151 230    0 151 179 1837     

97 512 Rimu Dacrydium cupressinum 54 267   A 5 1 110 270  12 0.46 26 136 164 1852     

98 513 Rimu Dacrydium cupressinum 48.5 266 rot  A/S 4 0 80 242.5 209  1.61 21 101 129 1887 broken core, flipped pieces  

99 514 Miro Prumnopitys ferruginea 49.5 268   A 3 0 79 247.5  34 1.97 17 96 124 1892     

100 515 Miro Prumnopitys ferruginea 110 269   S 15 2 302 550 471  1.95 41 343 371 1645 wedging   

101 516 Miro Prumnopitys ferruginea 124 270   S 14 18 298 620 485  1.34 101 399 427 1589     

102 517 Rimu Dacrydium cupressinum 134 271   S 11 7 227 670 473  3.43 57 284 312 1704     

103 518 Rimu Dacrydium cupressinum 92 272   S 12 14 254 460 472  1.53 -8 246 274 1742     

104 519 Miro Prumnopitys ferruginea 122 273   A 22 14 454 610  11 0.39 29 483 511 1505 wedging   

105 520A Miro Prumnopitys ferruginea 122 273 rot  S 10 8 208 610 165  0.78 567 775 803 1213     

106 520B Miro Prumnopitys ferruginea 125 274 rot  S 8 4 164 625 214  1.44 286 450 478 1538     

107 521 Miro Prumnopitys ferruginea 134 275   S 12 14 254 670 263  1.06 383 637 665 1351     

108 522 Miro Prumnopitys ~ 160 276   A/S 11 15 235 800 490  1.18 263 498 526 1490 start of arcs   

109            226 Average     303 331 1685 Average   

110                         

111                         

112 Whataroa Terraces                       

113                         

114 Swing Bridge terraces 1 Andrew =1.7 m                     

115                         

116 Wee grassy varied                       

117 1st terrace 3 Andrews 5.1 m                      

118 2nd terrace 3 Andrews 10.2 m                      

119 3rd terrace 3 Andrews 15.3m                      

120                         

121 Chopper land 3 Andrews 5.1 m                      

122 (1st terrace)                        

123 2nd terrace 3 Andrews 10.2 m                      

124                         

125 My coring spo 6 Andrews 10.2 m                      

126 (prob. 2nd terrace)                       
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1 Omoeroa Tree Data                     

2 River right - just upstream of SH6 bridge. O1 9/30/14                  

3                       

4 Terrace 1      Ring Counts               

5                       

6 Core Number Tree Species Latin Name Diameter (cm) Waypoint Notes Type Number Remainder Ring Geometric Partial Core Missing Avg. width Addition Est. Age Age (+28yrs ~ Year of Notes    

7       (S,A,C) 0f 20's  Count Radius (mm) length (mm) Radius (r) (inner 20) (yrs) (yrs) or 20 yrs) Colonisatio n    

8                       

9 31 Kamahi Weinmannia racemosa 28 199  A 3 3 63 140  9 4.03 2 65 85 1929     

10 32 kamahi Weinmannia racemosa 36 200  A 3 15 75 180  10.5 1.92 5 80 100 1914 2x arcs    

11 33 Totara Podocarpus totara 29 193  C 5 12 112 145    0 112 140 1874     

12 34 Totara Podocarpus totara 41 194  C 3 7 67 205    0 67 95 1919     

13 35 Totara Podocarpus totara 32 195  A 2 15 55 160  16 2.08 8 63 91 1923     

14 36 Totara Podocarpus totara 24 196  A 2 12 52 120  31 2.00 16 68 96 1918     

15 37 Totara Podocarpus totara 34 197  A 4 6 86 170 170  1.89 0 86 114 1900     

16 38 Totara Podocarpus totara 35 198  A 3 5 65 175  32 2.44 13 78 106 1908     

17 39 Kamahi Weinmannia racemosa 23 201  A 2 7 47 115  17.5 1.62 11 58 78 1936     

18 40 Unknown hardwood Myrsine divaricata (Poor knights) (?) 21 203  A 4 7 87 105  10 2.45 4 91 111 1903     

19 41 Rimu Dacrydium cupressinum 28 202 on scarp A 3 9 69 140  3 0.36 8 77 105 1909     

20 42 Kamahi Weinmannia racemosa 42 204  A 6 4 124 210  15 1.14 13 137 157 1857     

21 43 Kamahi Weinmannia racemosa 29 205  A 4 15 95 145  15 1.10 14 109 129 1885     

22 44 Mountain toatoa (?) Phyllocladus alpinus (?) 8 206 on scarp A 1 12 32 40    19 51 79 1935     

23 45 Wineberry (?) Aristotelia serrata 19 207   D   95        not countable   

24 46 Cedar Libocedrus bidwillii 16 208  C 2 13 53 80    0 53 81 1933     

25 47 Cedar Libocedrus bidwillii 22 209  C 3 10 70 110    0 70 98 1916     

26 101 Rimu Dacrydium cupressinum 23 269 on scarp A 2 13 53 115  16 2.06 8 61 89 1925     

27 102 Rimu Dacrydium cupressinum 21 270 on scarp A 2 16 56 105  14 1.64 9 65 93 1921     

28 103 Rimu Dacrydium cupressinum 23 271  C 3 7 67 470    0 67 95 1919     

29                81 109 1905 Average   

30 Terrace 2 - Level with car park  O2                   

31                       

32 Core Number Tree Species Latin Name Diameter (cm) Waypoint Notes             Notes    

33                       

34 48A Cedar Libocedrus bidwillii 65 210  A 9 6 186 325  30.5 1.29 24 210 238 1776     

35 48B Cedar Libocedrus bidwillii 65 210 had rot ~ 3cm from end (center?) S 10 7 207 325 336  1.22 0 207 235 1779 Min. age, had rot ~ 3cm from end (center?) 
36 49 Cedar Libocedrus bidwillii 44 213  C 16 17 337 220    0 337 365 1649     

37 50A Cedar Libocedrus bidwillii 49 215 rotten S 10 14 214 245 131  1.37 83 297 325 1689     

38 50B Cedar Libocedrus bidwillii 49 215  S 11 6 226 245 176  0.93 74 300 328 1686     

39 51A Cedar Libocedrus bidwillii 45 214 rotten S 6 1 121 225 98  0.81 157 278 306 1708     

40 51B Cedar Libocedrus bidwillii 45 214  S 7 2 142 225 82  1.58 91 233 261 1753     

41 52 Cedar Libocedrus bidwillii 52 216  A 17 0 340 260  8 0.79 10 350 378 1636 broken    

42 53 Cedar Libocedrus bidwillii 52 217  S 11 10 230 260 251  1.42 6 236 264 1750     

43 54 Cedar Libocedrus bidwillii 54 218  A? 7 17 157 270  13 1.93 7 167 195 1819 broken, rot   

44 55 Cedar Libocedrus bidwillii too tricky to meas. 219 rotten S 16 18 338  208   0 338 366 1648 no diameter, minimum age  

45 56 Totara Podocarpus Totara 30 221 & 223 A 5 4 104 150  23 1.51 15 119 147 1867     

46 57 Cedar Libocedrus bidwillii 68 220  A 24 11 491 340    19 510 538 1476     

47 58 Cedar Libocedrus bidwillii 36 222  A 13 8 268 180  3.5 0.52 7 275 303 1711     

48 59A Cedar Libocedrus bidwillii 46 224 Maybe missed arcs/center S 9 2 182 230 196  0.98 35 217 245 1769     

49 59B Cedar Libocedrus bidwillii 46 224 Maybe missed arcs/center A 11 7 227 230 257  0.32 0 227 255 1759 minimum age due to partial core length 
50 60 Cedar Libocedrus bidwillii 39 225 rotten A 9 16 196 195  7 0.42 17 213 241 1773 broken core   

51 61 Cedar Libocedrus bidwillii 39 226 rottenish A 11 7 227 195  10 0.30 34 261 289 1725     

52 62 Cedar Libocedrus bidwillii 51 227 on scarp, rotten A 7 0 140 255  21.5 0.88 24 164 192 1822     

53 63A Cedar Libocedrus bidwillii 48 228  A 11 7 227 240  13 0.28 46 273 301 1713     

54 63B Cedar Libocedrus bidwillii 48 228 rotten, 2 cores A 9 8 188 240  22.5 0.95 24 212 240 1774     

55 64 Cedar Libocedrus bidwillii 32 229  A 8 5 165 160  11 0.88 13 178 206 1808     

56 65 Cedar Libocedrus bidwillii 32 230  S 6 19 139 160 96  0.66 98 237 265 1749     

57 66 Cedar Libocedrus bidwillii 35 231  A 11 19 239 175  9 0.37 24 263 291 1723     

58 67A Cedar Libocedrus bidwillii 70 233  S 9 15 195 350 175  1.27 138 333 361 1653 rot    

59 67B Cedar Libocedrus bidwillii 70 233 fallen log, rot, 2 cores S 14 9 289 350 238  0.98 114 403 431 1583 rot    

60                268 296 1718 Average   

61 Terrace 3   O3 10/1/14                  

62                       

63 Core Number Tree Species Latin Name Diameter (cm) Waypoint Notes             Notes    

64                       

65 68 Cedar Libocedrus bidwillii 63 234  A 9 5 185 315    20 205 233 1781     

66 69 Cedar Libocedrus bidwillii 43 235  S 7 19 159 215 99  0.56 208 367 395 1619     

67 70 Cedar Libocedrus bidwillii 47 236  A 12 11 251 235    20 271 299 1715     

68 71 Cedar Libocedrus bidwillii 60 237 elev. est. site, rotten A 22 1 441 300    67 505 533 1481     
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69 72 Cedar Libocedrus bidwillii 65 240  C 24 12 492 325    0 492 520 1494     

70 73 Cedar Libocedrus bidwillii 46 239  A 9 5 185 230  24 0.515 47 232 260 1754     

71 74 Cedar Libocedrus bidwillii 44 241  A 14 5 285 220  7 0.14 49 334 362 1652     

72 75 Cedar Libocedrus bidwillii 49 242  A 14 3 283 245    15 298 326 1688     

73 76 Cedar Libocedrus bidwillii 55 243  S 13 17 277 275    11 288 316 1698     

74 77 Cedar Libocedrus bidwillii 39 244  A 12 0 240 195  13 0.90 14 254 282 1732     

75 78 Cedar Libocedrus bidwillii 44 245  A 9 12 192 220  12.5 0.63 20 212 240 1774     

76 79 Cedar Libocedrus bidwillii 50 246  A 11 4 224 250    27 251 279 1735     

77 80 Cedar Libocedrus bidwillii 39 247  A 8 17 177 195    35 212 240 1774     

78 81 Cedar Libocedrus bidwillii 54 248 rotten S 10 8 208 270 190  0.91 88 296 324 1690     

79 82A Cedar Libocedrus bidwillii 59 249 on scarp top, 2 cores  A   295    25 427 455 1559 May be on T4 (may be moved to O4) 
80 82B Cedar Libocedrus bidwillii 59 249 on scarp top, 2 cores  A   295    51 389 417 1597 May be on T4   

81 83 Cedar Libocedrus bidwillii 49 250 est. on log?, rotten A 8 6 166 245    31 197 225 1789     

82 84 Cedar Libocedrus bidwillii 53 251  C 14 16 296 265    0 296 324 1690     

83 85 Cedar Libocedrus bidwillii 49 253  A 10 0 200 245  16 0.64 25 225 253 1761     

84 86A Cedar Libocedrus bidwillii ~ 50 254  S 9 0 180 250 175  1.06 71 251 279 1735     

85 86B Cedar Libocedrus bidwillii ~ 50 254  A 9 0 180 255  14.5 0.93 16 196 224 1790     

86 87 Cedar Libocedrus bidwillii 45 255  C 13 18 278 225    0 278 306 1708     

87 88 Cedar Libocedrus bidwillii 41 256  A 11 12 232 205  15 0.92 16 248 276 1738     

88 89 Cedar Libocedrus bidwillii 53 257  C 19 1 381 265    0 381 409 1605     

89 90 Rimu Dacrydium cupressinum 94 258 on scarp of T4 A 33 7 667 470    51 718 746 1268 May be on T4 (may be moved to O4) 
90 91 Cedar Libocedrus bidwillii 46 260  S 14 6 286 230  22.5 0.29 78 364 392 1622     

91 92 Cedar Libocedrus bidwillii 32 259  A 15 11 311 160    21 332 360 1654     

92 93 Cedar Libocedrus bidwillii 53 261  A 16 9 329 265    13 342 370 1644     

93 94 Cedar Libocedrus bidwillii 49 266  S 11 14 234 245 194  0.89 57 291 319 1695     

94 95 Cedar Libocedrus bidwillii 46 264  S 11 7 227 230 195  0.47 74 301 329 1685     

95 96 Cedar Libocedrus bidwillii 51 265  S 15 8 308 255 200  0.65 85 393 421 1593     

96 97 Cedar Libocedrus bidwillii 47 263  A 11 13 233 235    32 265 293 1721     

97 98 Cedar Libocedrus bidwillii 46 262  A 9 13 193 230  23 1.15 20 213 241 1773     

98 99 Cedar Libocedrus bidwillii 56 267  A 10 1 201 280    24 225 253 1761     

99 100 Cedar Libocedrus bidwillii 53 268  A 13 3 263 265    18 281 309 1705     

100                309 337 1677 Average   

101                       

102 Terrace 4   O4 10/2/14                  

103                       

104 Core Number Tree Species Latin Name Diameter (cm) Waypoint Notes             Notes    

105                       

106 104 Rimu Dacrydium cupressinum 103 274 est. on log A 31 5 625 515  27 0.75 36 661 689 1325     

107 105 Totara Podocarpus totara 98 275  A 10 5 205 490  32 2.36 14 219 247 1767     

108 106 Rimu Dacrydium cupressinum 79 276  A 10 12 212 395  31 1.22 26 238 266 1748     

109 107 Cedar Libocedrus bidwillii 56 277  A 11 3 223 280  39 1.16 34 257 285 1729     

110 108 Cedar Libocedrus bidwillii 59 278  A 24 6 486 295    31 517 545 1469     

111 109 Rimu Dacrydium cupressinum 69 279  A 25 13 513 345    45 558 586 1428     

112 110A Rimu Dacrydium cupressinum ~ 98 280  S 26 3 523 490 229  0.61 426 949 977 1037     

113 110B Rimu Dacrydium cupressinum ~ 98 280  S 23 12 472 490 307  1.17 156 628 656 1358     

114 111 Rimu Dacrydium cupressinum ~ 90 281  S 32 18 658 450 345  0.40 263 921 949 1065 broad 1/2 arc   

115 112 Cedar Libocedrus bidwillii 50 283  S 19 8 388 250 231  0.36 52 440 468 1546 broken core   

116 113 Cedar Libocedrus bidwillii 57 282  A 17 19 359 285  46 0.23 199 558 586 1428     

117 114 Rimu Dacrydium cupressinum 75 284  S 30 11 611 375 275  1.09 92 703 731 1283     

118 115 Rimu Dacrydium cupressinum 89 285  A 29 5 585 445  30 0.86 35 620 648 1366     

119 116 Rimu Dacrydium cupressinum 70 286  A 28 0 560 350 305  0.37 120 680 708 1306 broad 1/2 arc   

120 117 Rimu Dacrydium cupressinum 70 287  A 25 9 509 350  28 0.75 37 546 574 1440     

121 118 Rimu Dacrydium cupressinum 71 289  S 23 8 468 355 427  1.31 0 468 496 1518 Minimum age   

122 119 Rimu Dacrydium cupressinum 51 288  A 21 0 420 255  44 0.78 57 477 505 1509     

123 120 Rimu Dacrydium cupressinum ~ 87 290   D   435  36 0.86 42 592 620 1394 missing bit?   

124 121 Cedar Libocedrus bidwillii 46 291  A 13 20 280 230  26 0.12 222 502 530 1484     

125 122 Miro Prumnopitys ferruginea 48 293  A 14 0 280 240  8 0.58 14 294 322 1692     

126 123 Cedar Libocedrus bidwillii 44 292   A   220            

127 124 Cedar Libocedrus bidwillii 46 294   A   230            

128 125 Rimu Dacrydium cupressinum ~ 94 295 fallen tree A 30 0 600 470  13.5 0.66 21 621 649 1365     

129 126 Cedar Libocedrus bidwillii 81 297  S 13 5 265 405 347  1.04 56 321 349 1665 rot, broken   

130                535 563 1451 Average   

131                       

132 Andrew's 1996 Cores                     

133                       

134 B7203 Cedar Libocedrus bidwillii  272       263           
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1 Karangarua Tree Data                        

2 River left - Downstream of SH6 bridge.  K1 9/29/14                     

3 Even-aged Totara dominated forest. Heavily grazed with Kahikatea and also Miro.  Ring Counts                   

4                           

5 Core Number Tree Species Latin name Diameter (cm) Waypoint Notes Type Number Remainder Ring Count Geometric Partial Core Missing Avg. ring width Addition Est. Age Age (+28 yrs) ~ Year of Notes        

6       (S,A,C) of 20's   Radius (mm) L (mm) Radius (r) (inner 20)    Colonisation         

7                           

8 1 Kahikatea Dacrycarpus dacrydioides 55 163  A 3 6 66 275  42 4.77 9 75 103 1911         

9 2 Totara Podocarpus totara 57 164  A 3 9 69 285 299  4.10 0 73 101 1913 minimum age due to partial core length     

10 3 Totara Podocarpus totara 55 165  A 4 3 83 275  6 4.86 1 84 112 1902         

11 4 Totara Podocarpus totara 61 166  A 4 3 83 305  16.5 5.24 3 86 114 1900         

12 5 Totara Podocarpus totara 51 167  A 3 16 76 255  22 3.35 7 83 111 1903         

13 6 Totara Podocarpus totara ~ 75 168  A 4 0 80 375  18.5 5.42 3 83 111 1903         

14 7 Totara Podocarpus totara 63 169 rotten S 5 8 108 315 281  2.64 13 121 149 1865 Rot ~ 90 yrs ago       

15 8 Totara Podocarpus totara 68 170  A 4 15 95 340  5 2.68 2 97 125 1889         

16 9 Totara Podocarpus totara 56 171  A 4 7 87 280  18 3.65 5 92 120 1894         

17 10 Totara Podocarpus totara 66 172  A 4 4 84 330  11 4.56 2 86 114 1900         

18 11 Totara Podocarpus totara 52 173  A 5 0 100 260  11 1.00 11 111 139 1875         

19 12 Rimu Dacrydium cupressinum 47 174 lost crown A 4 19 99 235  9 1.99 5 104 132 1882 lost its crown       

20 13 Totara Podocarpus totara 57 175  A 4 16 96 285  9 3.57 3 99 127 1887         

21 14 Kahikatea Dacrycarpus dacrydioides 69 176  C 6 6 126 345    0 126 154 1860         

22 15 Totara Podocarpus totara 68 178  A 4 10 90 340  17 3.28 5 95 123 1891         

23 16 Kahikatea Dacrycarpus dacrydioides 61 177  A 4 3 83 305  24 2.83 8 91 119 1895         

24 17 Kahikatea Dacrycarpus dacrydioides 49 179  A 3 15 75 245  24 2.66 9 84 112 1902         

25 18 Kahikatea Dacrycarpus dacrydioides 58 181  A 4 12 92 290  23 3.95 6 98 126 1888         

26 19 Totara Podocarpus totara 62 180  A 6 0 120 310  5 1.94 3 123 151 1863         

27 20 Totara Podocarpus totara 60 182  A 4 18 98 300  24 1.76 14 112 140 1874         

28 21 Totara Podocarpus totara 57 183  A 4 9 89 285  32 2.86 11 100 128 1886 Wonky center rings       

29 22 Totara Podocarpus totara 44 185  A 5 2 102 220  10.5 1.56 7 109 137 1877         

30 23 Totara Podocarpus totara 54 186  C 6 2 122 270    0 122 150 1864         

31 24 Kahikatea Dacrycarpus dacrydioides 59 184  A 3 13 73 295  48 2.33 21 94 122 1892         

32 25 Totara Podocarpus totara 41 187  A 5 16 116 205  13 1.98 7 123 151 1863         

33 26 Rimu Dacrydium cupressinum 44 190  A 4 10 90 220  6 0.97 6 96 124 1890         

34 27 Kahikatea Dacrycarpus dacrydioides 51 188  C 5 2 102 255    0 102 130 1884         

35 28 Totara Podocarpus totara 43 191  A 2 12 52 215  6 2.63 2 54 82 1932         

36 29 Totara Podocarpus totara 57 189  A 3 16 76 285  29.5 1.43 7 88 116 1898         

37 30 Cabbage Cordyline Australis 34 192  N/A N/A N/A N/A 170        Cannot count, haha!       

38          90.76 Average     97 125 1889 Average       

39     K2 4/11/15                     

40                           

41 River left - Downstream of SH6 bridge.                        

42                           

43                           

44 Core Number Tree Species Latin name Diameter (cm) Waypoint Notes                     

45                           

46 272 Kahikatea Dacrycarpus dacrydioides 70 452  C 22 15 455 350    0 455 483 1532         

47 273 Kahikatea Dacrycarpus dacrydioides 85 453  S 19 0 380 425 450  1.0415 0 380 408 1607 minimum age due to partial core length     

48 274 Kahikatea Dacrycarpus dacrydioides 85 454 buttressed S 19 13 393 425 410  0.7545 20 413 441 1574         

49 275 Kahikatea Dacrycarpus dacrydioides 75 455  C 15 11 311 375    0 311 339 1676         

50 276 Kahikatea Dacrycarpus dacrydioides 95 457 buttressed A 19 15 395 475  33.5 1.99 17 412 440 1575 wonky rings, knot ~120 yrs ago, 2x arcs     

51 277 Kahikatea Dacrycarpus dacrydioides 81 458  S 17 0 340 405 347  1.047 55 395 423 1592         

52 278 Kahikatea Dacrycarpus dacrydioides 95 459  A 20 0 400 475  57 0.683 83 483 511 1504 wedging       

53 279 Kahikatea Dacrycarpus dacrydioides 88 460  A 20 1 401 440  40 2.9395 14 415 443 1572 wedging       

54 280 Matai Prumnopitys taxifolia 74 461  A 19 7 387 370  32 0.7005 46 433 461 1554 wedging, wonkiness       

55 281 Kahikatea Dacrycarpus dacrydioides 97 462 buttressed S 17 10 350 485 479  1.133 423 773 801 1214 broad 1/2 arc       

56 282 Matai Prumnopitys taxifolia 61 463  A 31 10 630 305  12 0.7945 15 645 673 1342         

57 283 Kahikatea Dacrycarpus dacrydioides 70 464  A 22 0 406 350  18 0.925 19 425 453 1562         

58 284 Rimu Dacrydium cupressinum 76 467  A 22 10 440 380  9 0.8085 11 451 479 1536         

59 285 Kahikatea Dacrycarpus dacrydioides 100 465  A 22 13 453 500  19 1.0835 18 471 499 1516 wedging       

60 286 Kahikatea Dacrycarpus dacrydioides 108 466  A 12 11 251 540  33 1.856 18 269 297 1718         

61          399.79 Average     449 477 1538 Average       

62 After lunch - farther from river. Rougher surface topography and more dense understorey.                     

63                           

64 287 Kahikatea Dacrycarpus dacrydioides 118 468  A 24 7 487 590  22.5 0.41 55 542 570 1445 wedging       

65 288 Kahikatea Dacrycarpus dacrydioides 112 469  S 19 10 390 560 449  1.03 108 498 526 1489 may be start of arcs       

66 289 Kahikatea Dacrycarpus dacrydioides 87 470  A 17 19 357 435  32 0.98 33 390 418 1597 wedging, wonky bit, bole?      

67 290 Kahikatea Dacrycarpus dacrydioides 94 471  A 15 8 306 470  48 0.85 57 363 391 1624         

68 291 Kahikatea Dacrycarpus dacrydioides 86 472  A 22 12 452 430  13.5 0.78 17 469 497 1518         

69 292 Kahikatea Dacrycarpus dacrydioides 92 475  A 27 9 456 460  36 0.81 44 500 528 1487         

70 293 Kahikatea Dacrycarpus dacrydioides 91 474  S 27 6 453 455 480  1.50 0 453 481 1534 start of arcs?, minimum age due to partial core length    

71 294 Kahikatea Dacrycarpus dacrydioides ~ 150 473  S 20 3 403 750 488  0.98 268 671 699 1316 wedging       

72 295 Kahikatea Dacrycarpus dacrydioides 84 478  A 27 15 555 420  17 0.96 18 573 601 1414 wedging       

73 296 Kahikatea Dacrycarpus dacrydioides 81 479  A 17 15 355 405  68 0.55 174 479 507 1508 wedging       

74 297 Kahikatea Dacrycarpus dacrydioides 99 476  A 17 6 346 495  67 0.80 84 430 458 1557 wedging       

75 298 Kahikatea Dacrycarpus dacrydioides 98 477  A 18 8 368 490  34 0.81 42 410 438 1577 wedging       

76 299 Kahikatea Dacrycarpus dacrydioides 85 480  A 18 7 367 425  66 0.74 89 456 484 1531 wedging       

77 300 Kahikatea Dacrycarpus dacrydioides 91 481  A 24 6 486 455  41 1.38 30 516 544 1471 wedging       

78 301 Kahikatea Dacrycarpus dacrydioides 86 482  A 22 15 455 430 391  0.86 45 500 528 1487 wedging       

79          415.73 Average     483 511 1504 Average       
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80 River left - Patch of podocarps at end of 4wd track. Open understorey. K3 4/12/15          466 494 1521 Average (all 30)       

81                           

82 Core Number Tree Species Latin name Diameter (cm) Waypoint Notes                     

83                           

84 302 Kahikatea Dacrycarpus dacrydioides 96 483  S 7 3 143 480 477.5  4.55 1 144 172 1843         

85 303 Kahikatea Dacrycarpus dacrydioides 81 484  S 14 3 283 405  23 1.29 18 301 329 1686 wedging       

86 304 Kahikatea Dacrycarpus dacrydioides 76 485  A 6 16 136 380  56 2.54 22 158 186 1829         

87 305 Kahikatea Dacrycarpus dacrydioides ~ 91 486  A 9 12 192 455  19 0.49 39 231 259 1756 wonky rings, double arcs?      

88 306 Kahikatea Dacrycarpus dacrydioides 83 487  A 7 11 151 415  32 2.25 14 165 193 1822         

89 307 Kahikatea Dacrycarpus dacrydioides 70 488  A 10 10 210 350  6 1.26 5 215 243 1772         

90 308 Kahikatea Dacrycarpus dacrydioides 73 489  A 10 0 200 365  21 1.48 14 214 242 1773 wedging       

91 309 Matai Prumnopitys taxifolia 66 490  C 11 15 235 330    0 235 263 1752 wedging       

92 310 Kahikatea Dacrycarpus dacrydioides 81 491  A 7 14 154 405  20 3.39 6 160 188 1827         

93 311 Kahikatea Dacrycarpus dacrydioides 78 492  A 11 4 224 390  14 1.17 12 236 264 1751         

94 312 Kahikatea Dacrycarpus dacrydioides 55 494  A 9 4 184 275  27 0.84 32 216 244 1771 3/4 arcs       

95 313 Kahikatea Dacrycarpus dacrydioides 74 493 water spout (a bit rotten) A 7 15 155 370  41 4.03 10 165 193 1822         

96 314 Kahikatea Dacrycarpus dacrydioides 112 496 buttressed S 7 4 144 560 494  3.59 18 162 190 1825         

97 315 Kahikatea Dacrycarpus dacrydioides 71 495  A 10 5 205 355  20 1.29 15 220 248 1767         

98 316 Kahikatea Dacrycarpus dacrydioides 85 497  C 12 9 249 425    0 249 277 1738 wedging       

99 317 Kahikatea Dacrycarpus dacrydioides 66 498  A 9 18 198 330  11 0.81 14 212 240 1775 wedging       

100 318 Kahikatea Dacrycarpus dacrydioides 88 499 buttressed A 11 10 230 440  10 0.42 24 254 282 1733 wedging       

101 319 Kahikatea Dacrycarpus dacrydioides 96 500  A 7 14 154 480  8 1.75 5 159 187 1828         

102 320 Totara Podocarpus totara 51 501 a bit rotten C 6 3 123 255    0 123 151 1864         

103 321 Totara Podocarpus totara 59 503  A 6 15 135 295  3 1.48 2 137 165 1850         

104 322 Totara Podocarpus totara 64 504  A 6 11 131 320  5 1.23 4 135 163 1852         

105 323 Kahikatea Dacrycarpus dacrydioides 74 505  A 6 13 133 370  22 0.81 27 160 188 1827 wedging       

106 324 Kahikatea Dacrycarpus dacrydioides 87 50  A 13 9 260 435  13 0.25 53 313 341 1674 wedging, whorls after arc      

107 325 Kahikatea Dacrycarpus dacrydioides 71 506  A 9 15 195 355  29 0.57 51 246 274 1741 wedging       

108 326 Kahikatea Dacrycarpus dacrydioides 74 513  A 15 9 309 370  11 0.79 14 323 351 1664 wedging       

109 327 Kahikatea Dacrycarpus dacrydioides 57 511  A 10 5 205 285 380  0.89 0 205 233 1782 wedging, bit wonky rings, broad 1/2 arc, rot, minimum age due to partial core length  

110 328 Kahikatea Dacrycarpus dacrydioides 84 512  A 15 0 300 420 486  0.33 0 300 328 1687 wedging, bit wonky rings, broad 1/2 arc, knot, broad 1/2 arc, minimum age due to partial core length 
111 329 Kahikatea Dacrycarpus dacrydioides 72 514  A 9 1 181 360  10 0.92 11 192 220 1795 wedging, wonkiness, double arcs      

112 330 Kahikatea Dacrycarpus dacrydioides 87 515  A 19 0 380 435  8 0.94 9 389 417 1598 wedging       

113 331 Kahikatea Dacrycarpus dacrydioides 92 517 buttressed, on scarp S 12 13 253 460 474  0.72 0 253 281 1734 rot, minimum age due to partial core length     

114          202.45 Average     216 244 1771 Average       

115 River right - large stand part way down to hills.  K4 4/13/15                     

116 (elevated about 1m above grassy terrace)                        

117                           

118 Core Number Tree Species Latin name Diameter (cm) Waypoint Notes                     

119                           

120 332 Totara Podocarpus totara 52 518  A 4 1 81 260  31 3.50 9 90 118 1897         

121 333 Totara Podocarpus totara 41.5 519  A 3 19 79 207.5  16 3.29 5 84 112 1903         

122 334 Totara Podocarpus totara 39 521  A 4 4 84 195  13.5 1.07 13 97 125 1890 wedging, wonky arcs       

123 335 Totara Podocarpus totara 39 522  A 3 13 73 195  11.5 2.04 6 79 107 1908         

124 336 Totara Podocarpus totara 32 523  A 3 19 79 160  17 2.48 7 86 114 1901         

125 337 Totara Podocarpus totara 34 524  A 3 9 69 170  13 2.16 6 75 103 1912         

126 338 Totara Podocarpus totara 29 525  A? 4 1 81 145  10 2.95 3 84 112 1903         

127 339 Totara Podocarpus totara 38 526 borer holes A 4 4 84 190  13 1.84 7 91 119 1896         

128 340 Totara Podocarpus totara 36 527  A 5 9 109 180  8 1.94 4 113 141 1874 knot        

129 341 Totara Podocarpus totara 35 528  A 5 10 110 175  6 1.17 5 115 143 1872         

130 342 Totara Podocarpus totara 50 529 dead tree A 6 6 126 250  6 0.93 6 132 160 1855         

131 343 Totara Podocarpus totara 46 530  A 4 1 81 230  16 2.02 8 89 117 1898         

132 344 Totara Podocarpus totara 47 531 one of two trunks A 4 10 90 235  64 3.94 16 106 134 1881 some wonkiness       

133 345 Totara Podocarpus totara 49 532  A 4 19 79 245  11 3.71 3 82 110 1905 some wonkiness       

134 346 Totara Podocarpus totara 38 534  A 3 14 74 190  6 3.10 2 76 104 1911         

135 347 Totara Podocarpus totara 33 536  A 4 3 83 165  9 2.22 4 87 115 1900         

136 348 Totara Podocarpus totara 36 537  A 3 18 78 180  16 2.98 5 83 111 1904         

137 349 Totara Podocarpus totara 48 535 core from under branch C 5 1 101 240    0 101 129 1886         

138 350 Totara Podocarpus totara 31 538  A 3 1 61 155  8 2.17 4 65 93 1922 knots        

139 351 Totara Podocarpus totara 54 539 short and stout tree, lower terrace A 2 9 49 270  10 5.42 2 51 79 1936         

140          83.55 Average     89 117 1898 Average       

141 River right - Big trees along highway six.  K5 4/13/15                     

142 (terrace 4 - about 1.5m above sphagnum terrace)                        

143                           

144 Core Number Tree Species Latin name Diameter (cm) Waypoint Notes                     

145                           

146 352 Matai Prumnopitys taxifolia 86 540 some rot A 20 17 417 430   0.05 216 633 661 1354         

147 353 Matai Prumnopitys taxifolia 107 541  S 17 11 351 535   0.99 89 440 468 1547         

148 354 Kahikatea Dacrycarpus dacrydioides 100 542  A 13 12 272 500   1.99 21 293 321 1694         

149 355 Kahikatea Dacrycarpus dacrydioides 95 543  S 11 1 221 475 486  1.03 0 221 249 1766 minimum age due to partial core length     

150 356 Matai Prumnopitys taxifolia 106 544  S 17 13 353 530 490  1.67 24 377 405 1610         

151 357 Kahikatea Dacrycarpus dacrydioides 123 545 rotten, buttressed S 15 9 309 615 356  2.32 112 421 449 1566         

152 358 Rimu Dacrydium cupressinum 95 546  A 13 2 262 475  28 1.33 21 283 311 1704         

153 359 Kahikatea Dacrycarpus dacrydioides 125 548 buttressed S 15 11 311 625 488  0.64 213 524 552 1463         

154 360 Kahikatea Dacrycarpus dacrydioides ~ 110 547 rotten S 9 0 180 550 464  3.45 25 205 233 1782         

155 361 Kahikatea Dacrycarpus dacrydioides 120 549 by scarp edge S 7 15 155 600 486  4.14 28 183 211 1804         

156 362 Matai Prumnopitys taxifolia 140 550  S 13 6 266 700 489  1.70 124 390 418 1597         

157                           

158      4/14/15                     
 



 256 

A B  C D E F G H I J K L M N O P Q R S T U V W X Y Z 
159                           

160 363 Matai Prumnopitys taxifolia 107 552  S 23 8 468 535 480  1.15 48 516 544 1471         

161 364 Matai Prumnopitys taxifolia 68 553  A 19 4 384 340  30 0.57 52 436 464 1551         

162 365 Kahikatea Dacrycarpus dacrydioides ~ 130 554 buttressed S 16 11 331 650 487  1.55 105 436 464 1551         

163 366 Rimu Dacrydium cupressinum ~ 130 555  S 19 0 380 650 487  1.87 64 437 465 1550         

164          310.67 Average     386 414 1601 Average       

165  Matai stump Prumnopitys taxifolia  556 minimum age 340 yrs basal   340      340 368 1647 minimum age, stump on side of road     

166                           

167 River right - kahikatea stand near moraine hills, off Sugar Loaf Rd. K6 4/14/15                     

168 West side of small creek, swampy, crowded understorey.                       

169                           

170 Core Number Tree Species Latin name Diameter (cm) Waypoint Notes                     

171                           

172 367 Kahikatea Dacrycarpus dacrydioides 90 557 buttressed A 12 8 248 450  9 1.06 8 256 284 1731         

173 368 Kahikatea Dacrycarpus dacrydioides 85 558 buttressed A 11 5 225 425  28 1.35 21 246 274 1741         

174 369 Kahikatea Dacrycarpus dacrydioides 70 559 buttressed S 12 2 241 350 347  1.67 2 243 271 1744 wonkiness       

175 370 Kahikatea Dacrycarpus dacrydioides 64 560 buttressed A 5 5 105 320  55 2.37 23 128 156 1859 wedging       

176 371 Kahikatea Dacrycarpus dacrydioides 75 561 buttressed A? 7 0 140 375  17 1.85 9 149 177 1838 wedging       

177 372 Kahikatea Dacrycarpus dacrydioides 97 562 buttressed A 20 10 410 485  22 0.41 54 464 492 1523 wedging       

178 373 Kahikatea Dacrycarpus dacrydioides 138 563 buttressed S 12 9 249 690 483  1.96 106 355 383 1632 wedging       

179 374 Kahikatea Dacrycarpus dacrydioides 116 564 buttressed S 13 16 276 580 482  1.61 61 337 365 1650 wedging       

180 375 Kahikatea Dacrycarpus dacrydioides 103 565 buttressed A 11 11 233 515  55 1.12 49 282 310 1705         

181 376 Kahikatea Dacrycarpus dacrydioides 90 566 buttressed A 19 18 398 450  7 0.73 10 408 436 1579 wedging       

182                           

183 East side of small creek. Open understorey, near cattle paddock.                       

184                           

185 377 Kahikatea Dacrycarpus dacrydioides ~120 567 buttressed S 19 9 389 600 480  0.55 219 608 636 1379 wedging       

186 378A Kahikatea Dacrycarpus dacrydioides 67 568 partial core, rot A 21 3 423 335  32 0.96 33 456 484 1531 wedging       

187 378B Kahikatea Dacrycarpus dacrydioides 67 568              not mounted       

188 379 Kahikatea Dacrycarpus dacrydioides ~110 569  S 14 16 296 550 492  1.13 51 347 375 1640 wedging       

189                           

190 West side of small creek, but close to creek, open understorey.                       

191                           

192 380 Kahikatea Dacrycarpus dacrydioides 108 570 buttressed A 20 1 401 540  6 0.49 12 413 441 1574 wedging       

193 381 Kahikatea Dacrycarpus dacrydioides 85 571  A 22 6 446 425  23.5 0.65 36 482 510 1505 wedging       

194                345 373 1642 Average       
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1 Waiatoto Tree Data                      

2 Hannah's Clearing - town just north of the Waiatoto. Liz and Gary, in town (child stu 1/23/15                  

3 Sean, Big John, and John at house just upstream of Haast Jackson Bay Road bridge on North side of Waiatoto - airstrip.                  

4 Wayne - Wayne's Waiatoto jetboat ride.                      

5                         

6 Airstrip - river right, upstream of Haast Jackson Bay Road bridge.  WT1                   

7 (across from blue hut)      Ring Counts                

8                         

9 Core Number Tree Species Latin Name Diameter Waypoint Notes  Type Number of Remainder Ring Geometric Partial Missing Avg. width Addition Est. Age Age ~ Year of Notes     

10    (cm)    (S,A,C) 20's  Count Radius Core radius (inner 20) (yrs) (yrs) (+28 yrs) colonization      

11           (yrs) (mm) (mm) (mm) (mm)          

12 212 Rimu Dacrydium cupressinum 54 389 1/2 NE from blue hut, swampy A 7 8 148 270  9 0.38 23 171 199 1816      

13 213 Rimu Dacrydium cupressinum 80 391   S 21 14 434 400 403  0.45 0 434 462 1553 minimum age due to partial core length  

14 214 Rimu Dacrydium cupressinum ~ 120 392   S 15 8 308 600 355  1.57 156 464 492 1523      

15 215 Kahikatea Dacrycarpus dacrydioides ~ 121 393 up off H2O S 20 18 418 605 463  0.48 295 713 741 1274      

16 216 Kahikatea Dacrycarpus dacrydioides 93 394   S 20 8 408 465 455  0.80 12 420 448 1567 wedging, broad 1/2 arc   

17 217 Rimu Dacrydium cupressinum 93 395   S 27 8 548 465 479  0.92 0 548 576 1439 minimum age due to partial core length  

18 218 Miro Prumnopitys ferruginea 48 396 Maybe off fallen log, wet under A 9 10 190 240  3 0.47 6 196 224 1791 rot at center    

19 219 Miro Prumnopitys ferruginea 52 397 Maybe off fallen log, wet under S 7 6 146 260 269  1.58 0 146 174 1841 minimum age due to partial core length  

20 220 Rimu Dacrydium cupressinum 50 398   A 6 14 134 250  33 1.36 24 158 186 1829      

21 221 Rimu Dacrydium cupressinum 78 399   S 9 15 195 390 375  1.91 8 203 231 1784 broad 1/2 arc    

22 222 Rimu Dacrydium cupressinum 80 400   S 7 17 157 400 420  1.81 0 157 185 1830 broad 1/2 arc, minimum age due to partial core length 
23 223 Kahikatea Dacrycarpus dacrydioides 52 401   C 9 0 180 260    0 180 208 1807      

24 224 Kahikatea Dacrycarpus dacrydioides 74 402   A 5 9 109 370  68 2.35 29 138 166 1849 Wonky arcs    

25 225 Rimu Dacrydium cupressinum 60 403   A 7 6 146 300  31 2.05 15 161 189 1826      

26 226 Kahikatea Dacrycarpus dacrydioides 115 404   A 8 5 165 575  90 2.03 44 209 237 1778      

27 227 Rimu Dacrydium cupressinum ~ 75 405   S 8 16 176 375 328  0.65 73 249 277 1738      

28 228 Miro Prumnopitys ferruginea 75 406   A 5 9 109 375  33 1.58 21 130 158 1857      

29 229 Rimu Dacrydium cupressinum 85 407   A 6 1 121 425  49 2.39 21 142 170 1845      

30 230 Rimu Dacrydium cupressinum ~ 120 408 ?, 409  A 8 0 160 600  32 2.18 15 175 203 1812      

31 231 Miro Prumnopitys ferruginea 40 410 end upstream of wind sock A 6 0 120 200  18 0.94 19 139 167 1848      

32                         

33                         

34 Airstrip - river right, upstream of Haast Jackson Bay Road bridge (and blue hut). 1/24/15                  

35                         

36 Core Number Tree Species Latin Name Diameter Waypoint Notes                   

37                         

38 232A Rimu Dacrydium cupressinum ~ 120 411 too hard to core, backed out S 25 13 513 600 253  0.82 422 935 963 1052      

39 232B Rimu Dacrydium cupressinum ~ 120 411 better, but still difficult S 43 15 875 600 420  0.69 260 1135 1163 852      

40 233 Kahikatea Dacrycarpus dacrydioides ~ 80 412   A 7 6 146 400  29 1.66 17 163 191 1824      

41 234 Rimu Dacrydium cupressinum 68 413   A 4 19 99 340  50 1.30 38 137 165 1850 wonky     

42 235 Kahikatea Dacrycarpus dacrydioides 46 414   A 6 15 135 230  23 1.13 20 155 183 1832 wedging, broad 1/2 arc   

43 236 Kahikatea Dacrycarpus dacrydioides ~ 120 415 massive, core above buttressing and vines (just above head, 8ft?) A 19 12 392 600  49 0.53 92 484 512 1503 wedging, wonky arcs   

44 237 Kahikatea Dacrycarpus dacrydioides 70 416   S 6 15 135 350 383  1.24 0 135 163 1852 broad 1/2 arcs, minimum age due to partial core length 
45 238 Kahikatea Dacrycarpus dacrydioides 60 417   S 7 9 149 300 386  1.27 0 149 177 1838 broad 1/2 arcs, minimum age due to partial core length 
46 239 Kahikatea Dacrycarpus dacrydioides 74 418   A 10 5 205 370  2 0.77 3 208 236 1779      

47 240 Rimu Dacrydium cupressinum 71 419   A 27 14 554 355  47 0.62 76 630 658 1357 disregard extra bit (arced b4)   

48 241 Rimu Dacrydium cupressinum 62 420   A 6 16 136 310  43 1.70 25 161 189 1826      

49           240 Average     283 311 1704 Average    

50 Nisson Farm - River left, two major river bends upstream of Haast Jackson WT2                   

51 Across river from Casey's Farm. Drive up road to gate, park and walk up road to Predator Control track.                  

52 Kim Landreth - lease holder. (kim.landreth1@gmail.com, 037500129)                    

53                         

54 Core Number Tree Species Latin Name Diameter Waypoint Notes                   

55                         

56 242 Kahikatea Dacrycarpus dacrydioides 89 421 buttressing, river side of track A 15 7 307 445  33 0.62 53 360 388 1627 wedging    

57 243 Kahikatea Dacrycarpus dacrydioides 89 422 wettish area, sm. Buttresses, mtn side of track, slight lean A 16 8 328 445  32 0.69 46 374 402 1613 wedging    

58 244 Rimu Dacrydium cupressinum 73 423 sm. Buttresses, mtn side A 10 17 217 365  27 0.58 47 264 292 1723      

59 245 Kahikatea Dacrycarpus dacrydioides ~ 120 424 river side of track A 22 13 453 600  8 1.29 6 459 487 1528 wedging    

60 246 Kahikatea Dacrycarpus dacrydioides ~ 120 425 slight lean, mtn side of track S 19 4 384 600 402  0.98 202 586 614 1401 wedging    

61                         

62       1/25/15                  

63                         

64 247 Kahikatea Dacrycarpus dacrydioides 56 426 mtn side A 4 3 83 280  34 1.90 18 101 129 1886      

65 248 Rimu Dacrydium cupressinum 52 428   A 4 2 82 260  34 2.49 14 96 124 1891      

66 249 Silver Beech Northofagus menziesii 55.5 429   A 5 2 102 277.5  10 1.45 7 109 137 1878      

67 250 Silver Beech Northofagus menziesii 46 430   A 4 18 98 230  16.5 1.46 11 109 137 1878      

68 251 Rimu Dacrydium cupressinum 66 431   A 10 3 203 330  42 0.48 87 290 318 1697      

69 252 Kahikatea Dacrycarpus dacrydioides ~ 180 432   S 16 5 325 900 484  1.29 322 647 675 1340 wedging    

70 253 Rimu Dacrydium cupressinum 68 433 boles  S 11 5 225 340 310  0.63 47 272 300 1715 broad 1/2 arc    
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71 254 Silver Beech Northofagus menziesii 42 434   A 4 4 84 210  12 1.83 7 91 119 1896      

72 255 Kahikatea Dacrycarpus dacrydioides ~ 120 435 core thru buttress S 22 18 458 600 442  1.46 108 566 594 1421 arc and knot near bark end   

73 256 Silver Beech Northofagus menziesii 54 436   A 5 13 113 270  3.5 2.00 2 115 143 1872 large cells, like pebble mosaic   

74 257 Kahikatea Dacrycarpus dacrydioides ~ 101 437   S 16 17 337 505 488  1.01 17 354 382 1633 wedging, start of arcs?   

75 258 Kahikatea Dacrycarpus dacrydioides ~ 97 438   S 19 16 396 485 482  0.52 6 402 430 1585      

76 259 Kahikatea Dacrycarpus dacrydioides ~ 120 439 core thru buttress S 18 5 365 600 490  0.46 239 604 632 1383 Ring wedging    

77 260 Rimu Dacrydium cupressinum ~ 110 440   A 7 18 158 550  28 2.17 13 171 199 1816      

78 261 Kahikatea Dacrycarpus dacrydioides 71 441 river side, by sawn log across track A 14 1 281 355  40 1.29 31 312 340 1675 wedging    

79           250 Average     314 342 1673 Average    

80 Swing Bridge - River left just downstream of swing bridge  WT3 1/26/15                  

81 (about 45 min walk from end of road)                      

82                         

83 Core Number Tree Species Latin Name Diameter Waypoint Notes                   

84                         

85 262 Kahikatea Dacrycarpus dacrydioides 106 442 core thru buttress S/A 14 9 289 530 371  1.07 148 437 465 1550 wedging, broad 1/2 arc   

86 263 Silver Beech Northofagus menziesii 57 443   A 7 0 140 285  12 1.82 7 147 175 1840      

87 264 Kahikatea Dacrycarpus dacrydioides ~ 139 444 a bit of swirl, pictures A/S 13 16 276 695 488  1.17 178 454 482 1533 Loooonngg broad 1/2 arc   

88 265 Kahikatea Dacrycarpus dacrydioides 78 445   A 20 0 400 390  30 0.78 39 439 467 1548 wedging    

89 266 Kahikatea Dacrycarpus dacrydioides 77 446 some buttressing A 15 0 300 385  28.5 0.79 36 336 364 1651 disregard extra bit    

90 267 Kahikatea Dacrycarpus dacrydioides ~ 120 447 buttressing S 19 14 394 600 490  0.77 143 537 565 1450      

91 268 Kahikatea Dacrycarpus dacrydioides 79 448 some buttressing, void A 16 6 326 395  39 0.61 64 390 418 1597      

92 269 Rimu Dacrydium cupressinum ~ 120 449   A 26 7 527 600  14 0.76 18 545 573 1442      

93 270 Kahikatea Dacrycarpus dacrydioides ~ 120 450 buttressed, startish of wooden walkways (upstream end) S 11 16 236 600 483  1.23 95 331 359 1656      

94 271 Kahikatea Dacrycarpus dacrydioides 40 451 tall like the bigger diameter trees A 15 14 314 200  33.5 0.95 35 349 377 1638      

95           320 Average     397 425 1590 Average    
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Thank you. 


