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Abstract 
 

This thesis presents the findings of a combined geomorphological, sedimentological 

and geochronological investigation into the glacial history of the Clearwater Basin, 

Mid Canterbury, New Zealand. The study demonstrates that a thick wedge of glacial 

and paraglacial sediments are preserved in the valley. These are >100m thick and 

preserve evidence of at least 3 glacial phases (>180ka). The study presents a new and 

detailed geomorphology map for the Clearwater valley and adjacent areas and has 

added 17 new recessional positions to the local glacial record. 

 Surface Exposure Dating (SED) has been used to directly date the moraines of 

the Clearwater Basin providing the first detailed chronology for glacial moraine in 

this area. In total 31 cosmogenic ages from 9 separate moraines are presented. The 

results demonstrate that the LGM advance is the Trinity moraine of Mabin (1980) and 

not the Hakatere moraine as previously assumed and that the LGM was achieved at or 

about 23ka. The Clearwater glacier receded up valley between 23 and 13ka with some 

indication of accelerated retreat after c.16ka. The correlation to the adjacent Lake 

Heron Valley is also revised.  
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CHAPTER 1 
 

1.1. General Introduction 
 

Throughout the Pleistocene, the mountain glaciers of New Zealand’s Southern 

Alps repeatedly extended their limits into and sometimes beyond the foothills of 

both the Canterbury and Otago regions (Suggate 1990). It has long been recognised 

that this cyclic deposition of glacial and fluvioglacial sediments and their associated 

landforms, coupled with the continuous uplift-model of the alpine region has 

resulted in the extensive record of glaciation that is preserved throughout many of 

the South Island’s major river valleys (Gage 1958, Suggate 1965, Mabin 1980, 

Ricker et al 1993). 

 Due to the lack of adequate and/or reliable dating techniques, most of the 

chronological work has been done using a geomorphic approach. By using the 

preserved record and through the application of a relative uplift-model, the 

chronological timing of New Zealand’s glaciations have been largely based on 

glacial surface elevation and weathering characteristics, which have then been 

tenuously correlated with Northern Hemispheric glaciations (Suggate 1990). This 

has been the case in the long running debate over the Waiho Loop at Franz Josef 

Glacier and its relationship to the Northern Hemisphere’s Younger Dryas 

Chronozone (Denton and Hendy, 1994; Ivy-Ochs et al 1999; Shulmeister et al 2004; 

Rother 2006). The evidence in this case for a Younger Dryas advance lies in a single 

radiocarbon age taken from a site 2km from the terminal position of the Waiho Loop 

(Shulmeister et al 2004; Rother, 2006). Similar attempts to link the two hemispheres, 

in the paleoclimatical sense (eg. Ivy-Ochs et al 1999) have been subjected to similar 

problems with regard to sample location and the technicalities associated with 

modern dating techniques (Rother, 2006. p176). Shulmeister et al (2004) speculate 

that these problems may be due to researchers targeting single moraines. This has 

led to much speculation and uncertainty with regard to the absolute timing of these 

types of events (Denton and Hendy 1994, Mabin 1996, Ivy-Ochs et al 1999, 

Williams et al 2005, Rother, 2006). It is with this in mind, along with the current 

opinions of the scientific community, regarding global warming, that New Zealand’s 
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Pleistocene deposits are becoming increasingly important as a record for climate 

change in the mid-latitude Southern Hemisphere (Denton and Hendy 1994, Ivy-Ochs 

et al 1999, Shulmeister et al 2005). 

It is surprising to note that whilst much debate has occurred over the decades, as 

to the chronological timing and stratigraphic problems associated with New 

Zealand’s glacial events, very little research has been done on the glacial sediments 

themselves (Rother 2006). International recognition of this has seen a marked 

increase into the research of these sediments in an attempt to either link Southern 

Hemisphere glacial cycles to those of the Northern Hemisphere (Ivy-Ochs et al, 

1999), or to show that the Southern Hemisphere glacial cycles are being driven by 

an alternative source, namely the interaction between the regional westerlies and the 

tropical Pacific (Shulmeister et al 2005, Vandergoes et al 2005).  

In 2003 the NZ-INTIMATE (New Zealand-INTernational Ice core, Marine 

And TErrestrial) project began, combining many of New Zealand’s paleo-climate 

researchers from a diverse range of fields (Alloway et al 2007). The aim of this 

project is to establish a stratigraphic climate record for the last 30,000 years. This is 

being achieved by using a wide variety of proxies, of which New Zealand’s Paleo-

glacial deposits feature prominently. It is thought that this record will help determine 

what the driving forces are behind Southern Hemisphere climate change and from a 

glacial point of view, what drives Southern Hemisphere glaciation. 

 Recent and current research in the Cobb, Hope and Rakaia valleys is 

demonstrating that New Zealand glacial systems have unusual sedimentary 

assemblages associated with per humid glacial conditions. A new facies model is 

being developed for a style of glaciation that may be unique to New Zealand or have 

implications for other mid latitude glacial systems, such as Southern Chile and the 

Pacific NW. This model is based on better age control from dating techniques that 

were previously unavailable, such as luminescence and cosmogenic dating, along 

with detailed stratigraphic logging of the sediments and improved high resolution 

mapping of both glacial deposits and geomorphic landforms. It is thought that by 

applying both sedimentary and structural parameters such as those used by Northern 

Hemisphere glacial scientists, a reconstruction of the glacial conditions at the time of 
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deposition can be achieved for New Zealand deposits (Shaw 1987, Benn 1995, 

Boulton et al 2001, Benn et al 2004, Evans and Heimstra 2005). This project fits 

within the parameters of these studies.  

 

1.2. The Study Area 
The designated area for this study is the Lake Clearwater/Spider Lakes district, a 

70sq/km, elevated valley system that has been cut off from the much larger 

Rangitata Valley (Fig 1.1). This locale was selected for its extensive and highly 

detailed glacial geomorphology and deposits, left behind as the ice retreated from 

the area. The study area is generally buffeted by strong westerly winds, the source 

for much of the areas precipitation (Burrows 2002, Ryan 1987). Annual rainfall 

ranges between 800mm/annum for the lower, more easterly portion of the basin and 

1500mm/annum for the upper, westerly parts of the basin, indicating a rise in 

precipitation with altitude (Burrows, 2002). Snowfalls occur throughout the winter 

months and are generally associated with southerly air flow systems. Average 

temperatures range between 30oC for the summer months and can reach as low as -

10oC to -15oC in the winter (Burrows, 2002). 

Alpine Fault

 
(Fig 1.1 Location of study area in the foothills of mid Canterbury on New Zealand’s 

South Island. Original image courtesy of Google Earth, 2006.) 
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 The land status within the study area is a mixture of public conservation land, 

surrendered land, riverbed unoccupied land and crown grazing leases all of which 

come under the care of the Department of Conservation (DoC) to varying degrees 

(Burrows 2002). 

Historically, farming began in the area at around 1856 with extensive grazing of 

both sheep and cattle (Acland 1975). More recent times have seen a variety of 

farming methods being utilised, these include the planting of shelterbelts, land 

cultivation for both fodder and pasture and the fertilisation and over-sowing of rough 

pasture (Burrows 2002). Farming and settlement in the area has seen the 

introduction of numerous exotic flora and fauna species, whilst at the same time is 

home to many native flora and fauna, both common and rare (Burrows 2002).  

The Rangitata river is one of two major drainage systems, the Rakaia being the 

other, that flow eastward through the foothills of the main divide, across the large 

alluvial fans that make up the mid Canterbury plains to the Pacific Ocean. These 

rivers flow as a series of braided streams over gravel riverbeds that are up to several 

kilometres wide. 

 

1.2.1. Geological Setting 

 The landmass that constitutes New Zealand is located on the Pacific Indo-

Australian plate boundary, which in the context of the present day is a convergent 

zone consisting of bi-directional subduction that is separated by a zone of oblique 

transpressional movement (Norris and Cooper, 1997, 2000). This complex 

collisional zone has resulted in the rise of the Southern Alps during the Kaikoura 

Orogeny (mid-late Cenozoic to Present) (Suggate, 1978). It was during this phase 

that the accretionary terranes of Gondwana shelf deposits (Permian to Late Jurassic 

quartzofeldspathic greywackes) were metamorphosed and exhumed thus creating the 

Southern Alps (Kamp, 2001; Pickard et al. 2000; Suggate, 1978). The surficial 

expression of the oblique transpressional movement is a complex series of faults 

called the Alpine Fault system (Norris and Cooper, 2000; Tippett and Kamp, 1993). 

This fault system is NE/SW trending and lies on the western side of the Alps. It 

produces approximately 27mm of dextral strike slip movement per annum with an 
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uplift component of 8 to 12mm per annum (Norris and Cooper, 2000). Estimates by 

Kamp et al (1989) place the total amount of uplift during the Kaikoura Orogeny to 

be in the order of approximately 15 to 20 kilometres.  

 The frontal ranges in which the Clearwater basin is situated are 

predominantly cored by Torlesse Supergroup rocks comprising mostly argillites and 

greywackes of the Mt Taylor Group and in particular the Balmacaan Formation 

(Oliver and Keene, 1990). These have been intruded during the mid Cretaceous by 

Mount Somers Volcanics along the eastern front of the basin and overlain in places 

by Upper Cretaceous and Tertiary deposits (Oliver and Keene, 1990).  The dominant 

structural trend for the region is a mega-fold that is concave and plunges steeply to 

the southeast. It is believed that this megafold developed during the final stage of the 

Rangitata Orogeny in the Early Cretaceous. (Oliver and Keene, 1990). The Kaikoura 

Orogeny has seen large scale block faulting and differential uplift that has produced 

the present foothill ranges and the associated fault bound intermontane basins. 

  Tectonically the Clearwater basin is bound by the Potts Fault to the 

west/northwest and by the Lake Heron Fault to the north/northeast (Upton et al, 

2004). It is also inferred by Upton et al (2004) that the Forest Creek Fault extends 

northward through the basin, via the Balmacaan Saddle to link up with the Clent 

Hills Fault whilst the Lake Heron Fault continues southward into Pudding Valley 

(Fig 1.2). Physical evidence for these inferences is rare and thought to be mostly 

obscured by the glacial deposits (Oliver and Keene, 1990). Despite this there is clear 

evidence of the Lake Heron Fault displacing the glacial outwash surfaces on the 

Paddle Hill Creek fan.  
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(Fig 1.2. Interpretation of fault traces and fault inferences as outlined by Upton et al, 2004, Fig 1, 

p142. Arrow indicates the location where the Lake Heron Fault has displaced the sediments of the 

Paddle Hill Creek fan, whilst the letters denote the relationship of the displacement.) 

 

1.2.2. The Catchment   

 The Rangitata River begins approximately ten kilometres west of the study 

area, where two large river systems coalesce. These systems, the Havelock and the 

Clyde are of approximately equal size, however the latter is joined by the Lawrence 

river prior to its junction with the Havelock giving it a higher sediment output. The 

origins of the Havelock and Clyde rivers lie in the main divide of the Southern Alps 

whilst the Lawrence originates from, and just west of, Mt Arrowsmith (Speight, 

1941). All three rivers are fed by small, permanent valley glaciers as well as 

numerous tributary streams that drain the surrounding ranges. Typically these ranges 

lie between 1800 and 2400 metres, however individual peaks provide exceptions to 

these limits ie; Mt Arrowsmith at 2781m (Forsyth et al, 2003). The total combined 

area of this mountain catchment is approximately 1600km2, all of which experiences 

either perennial or seasonal snow cover (Barrell et al, 1996, Forsyth et al, 2003). 
  

 

 



 

- 16 - - 16 -

1.2.3. The Rangitata River 

 The Rangitata river flows in a south-easterly direction through the 

Mesopotamia basin, a 200 km2 intermontane basin situated between the Harper 

Range (North/Northeast), Two Thumbs Range (West/Southwest) and the Ben 

McLeod Range (South). In the upper section of the basin the river flows relatively 

unconfined for approximately 10km across a wide floodplain, however as the river 

passes through the mid section of the basin, it is constricted between two large 

deltaic fans that are actively being built by the Potts River to the north and Bush 

Creek to the south. From here the river again spreads out across the floodplain for 

approximately a further 7km before it is once again confined to a narrowing valley, 

at the end of which is the Rangitata Gorge (Fig 1.3). 

 

Rangitata 
Gorge

Potts River

Lake 
Clearwater & 
Lake Emma

Harper Range

Mt Guy & Spider 
Lakes

South Branch 
Ashburton River

Potts River

Dogs Hill
 Range

Rangitata
River

Harper RangeTwo Thumbs
Range

Ben McLeod
Range Rangitata

Gorge

Moorhouse
Range

 
(Fig 1.3  Outline of the study area and its proximity to the Rangitata River. Original Image courtesy 

of Google Earth, 2006.) 
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1.2.4 The Clearwater Basin 

 The Clearwater basin is an intermontane valley system that links the larger 

Rangitata valley to both the Heron valley and the South Branch Ashburton River. It 

has been speculated by some (Speight, 1941) that this linkage represents an old 

pathway through which the Rangitata once flowed and that it exited the valley 

system via the Ashburton Gorge.  

 Starting in the vicinity of the Potts River, where the Rangitata and 

Clearwater Valleys join, the basin extends down valley for approximately 18km to 

the South Branch Ashburton River. The lower south/south-eastern end of the basin is 

also linked to the Trinity and Pudding Valleys, which during peak glacial times 

acted as conduits through which meltwater and outwash deposits could escape. The 

larger of these valleys, Pudding Valley, also provides a link back to the Rangitata 

Gorge.  

 

1.2.5. Glacial Ice in the System 

 During glacial periods the ice made its way down the catchment tributaries 

and into the Rangitata basin. It is at this point that the main body of the Rangitata 

Glacier formed, combining the ice from both the Havelock and Clyde systems. It 

then flowed eastward for approximately ten kilometres where it was split by the 

Harper range. This separation saw the bulk of the ice flow into the Rangitata basin 

whilst a substantial lobe, as much as a third, was extruded into the Clearwater basin 

(Speight, 1941). It is this lobe that makes up the centre focus of this study. 

 

1.2. Objectives of this study 
The overall aim of this thesis is to provide new and accurate data to the growing 

body of literature on New Zealand’s glacial history. The data obtained through this 

study will attempt to resolve some of the aforementioned issues surrounding glacial 

chronologies for the region, fill gaps in the literature with regard to glacial 

sedimentology and will further test some of the ideas surrounding the new facies 

model that is currently being produced. This study will also test the conclusions of 
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previous work with regard to geomorphology and its interpretation in this study area. 

The main project objectives are as follows; 

 

• To produce valley wide correlation of glacial deposits and glacial 

episodes. 

• To reconstruct the sedimentary environment and produce a depositional 

model for the studied area. 

• To provide absolute ages for the glacial sediments and surfaces, thereby 

providing absolute ages for the glacial advances and or episodes within 

the studied area. 

• To reconstruct the glacial history of the area  

• To create a comprehensive record of this local glacial system that can be 

easily compared with other New Zealand models that are currently being 

developed. 
 

1.3. Thesis Layout 
 The layout of this thesis has been designed to follow the most logical path for 

the presentation of the data whilst the order in which the chapters are presented 

mirrors the way in which the research itself was conducted. Chapters 3, 4 and 5 

contain individual methodology sections that are relevant to that chapter. This has 

been done to simplify the journal publication process of this information at a later 

date. The following list briefly outlines the contents of each chapter. 

.   

Chapter 1 - This chapter provides the necessary background information about the 

study area and why this study was conducted. It places the study in both global and 

regional context through the general introduction and gives a brief overview of the 

general area.  

 

Chapter 2 - Here, the historical literature on previous studies relating directly to, and 

in the nearby areas is presented. This chapter chronicles the history of research in the 

area and presents the main findings of the literature that relate to the study area. 



 

- 19 - - 19 -

Chapter 3 - Presents the Geomorphology of the study area. The chapter outlines the 

geomorphological features that dominate the landscape and is followed by an 

interpretation of these findings.  

 

Chapter 4 - Presents sedimentological data logs from six key outcrops within the 

field area. Each log and log description is followed by an interpretation of the data 

explaining the depositional environment in which the described sediments were 

deposited. Two new Optically Stimulated Thermo-Luminescence (OSL) ages are 

presented here in conjunction with the outcrop from which they were obtained. 

 

Chapter 5 - Presents the chronological data obtained through Surface Exposure 

Dating techniques (SED) aka Cosmogenic Dating (10Be) Dating techniques. This 

data shows the location of sample sites, explains why these sites were chosen and 

presents the findings from this sampling regime. 

 

Chapter 6 - Here the conclusions from all aspects of this study are discussed in 

relation to each other to present the overall conclusions of the study. 
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CHAPTER 2 

 

A Review of New Zealand’s Glacial Literature and that of the Lake 

Clearwater Basin 

 

2.1 Historic Literature 

 The idea of a ‘glacial period’ for New Zealand was first conceptualised by 

Haast (1861,1864) and Hochstetter (1863) during geological expeditions in and 

around the upper Buller and south Canterbury regions (Dobson, 1875; Rother, 

2006). At this early stage it was thought that a single glaciation occurred in New 

Zealand was monoglacial and that climate change may have been responsible for 

driving the glaciation, however evidence of a large scale temperature change proved 

elusive and problematic (Hutton, 1872; Travers, 1873). This led researchers to an 

alternative explanation in which the Southern Alps extended to a much higher 

altitude, thus providing a larger area for snow to accumulate (Haast, 1864; Hector, 

1865; Dobson, 1873; Hutton, 1872; Travers, 1873). Travers estimated a height of 

4000 to 5000 feet (approx 1200 to 1500 metres) higher than present for the Alps and 

alluded to the end of glaciation as the result of subsidence (Travers, 1873. p299). 

This hypothesis proved popular until the late 1920’s when the multi glaciation 

hypothesis began to emerge (Rother, 2006). The debate over Pliocene versus 

Pleistocene glaciation also began to take shape during these early days as did 

attempts to correlate New Zealand’s glacial deposits with those of the Northern 

Hemisphere (Rother, 2006).  

 The ‘later pioneering phase’ of 1909 to 1958, as described by Rother (2006) 

saw a marked increase in physiographic research. This included the 

geomorphological mapping of glacial landscapes along with the first detailed 

sedimentological descriptions of glacial deposits (Rother, 2006). This style of 

research led to the formation of depositional models for individual valley systems 

(eg. Speight, 1926) and paved the way for the multi glaciation hypothesis of Hutton 

and Ulrich (1875) albeit duo glaciation at first (Cox, 1926). In 1909 Park argued for 
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two glacial epochs during the late Tertiary. The first or oldest being a “period of 

maximum refrigeration” (p.609) in which widespread glaciation and the formation 

of an ice sheet occurred. The second epoch was one of “gigantic valley glaciers” 

(p.609) that oscillated throughout their retreat back to the present ice positions (Park, 

1909). It wasn’t until the ‘Ross Glaciation’ of Gage (1945) and the interglacial 

deposits of Wellman (1951) were described that the first true multi or poly glacial 

chronology was published for New Zealand deposits by Fleming (1956). 

 Towards the end of the 1950’s glacial research entered a resurgence after 

Maxwell Gage published his detailed work on the ‘Late Pleistocene Glaciations of 

the Waimakariri Valley, Canterbury, New Zealand’ in 1958. This was followed by 

“The most productive period for glacial research in New Zealand during the 20 [sic] 

century” (Rother, 2006. p24). It was during this time that nearly all of Canterbury’s 

major glaciated river systems were described, mapped and the data published 

(Rother, 2006). These publications provided the foundations on which modern 

glacial studies are built and despite many advances in glacial research techniques 

these publications remain pertinent to this day. In particular the work of Suggate 

(1965) who formed the first modern climate – stratigraphic framework for alpine 

glaciations in New Zealand, which still underpins much of the work that is being 

done today.  

 

2.2 Recent Glacial Research in New Zealand (1958 to Present) 
 Historically New Zealand’s glacial deposits have proven problematic to 

researchers with questions such as; what are the driving forces behind New Zealand 

glaciation? How old are the deposits? and were there single or multiple glaciation? 

being the most hotly debated issues. Despite the ever growing body of literature 

these basic fundamental questions remain at the heart of New Zealand glacial 

research today, with the exception of the latter, which has changed focus from 

determining single or multiple glaciations to recognising phases within multiple 

glaciations. 

 Recent research into the modes of transference of paleoclimate signals 

between the Northern and Southern Hemispheres has centred on the Younger Dryas 
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cold reversal (eg. Ivy-Ochs et al, 1999). Ivy-Ochs et al (1999) state that the question 

of whether the Northern and Southern Hemispheres are synchronous or 

asynchronous is the key to understanding the modes of paleoclimate transference. 

The Younger Dryas cold reversal appears in the Northern Hemisphere glacial record 

from approximately 12.75 to 11.2 Ka and it has been suggested that a similar climate 

reversal can be seen in Southern Hemisphere records (Clapperton, 1993; Marden and 

Clapperton, 1995; Denton et al, 1999). This issue has been problematic in New 

Zealand as researchers have had a tendency to concentrate on single moraines or 

partial moraine sequences such as the Waiho Loop, a large moraine left behind after 

a last glacial interglacial transition (LGIT) re-advance of the Franz Josef Glacier 

(Shulmeister et al, 2004). One of the major problems for the supporting argument at 

this location is that the actual site from which the radiocarbon date was extracted, 

Canavans Knob lies approximately 2km up valley from the terminus of the moraines 

(Anderson and Mackintosh, 2006). In light of this Ivy-Ochs et al (1999) proposed 

that cosmogenic ages taken from the Misery Moraines in the Arthurs Pass (11,720 

years) were comparable to those of the Julier Pass Moraines in Switzerland (11,860 

years) and that this confirms a Younger Dryas chronology for New Zealand (Ivy-

Ochs et al, 1999). This is disputed by Rother (2006) on the basis of three points. 

Firstly Rother highlights the fact that the Misery Moraines are 2km up valley from 

the re-advance maximum (McGrath Moraines). Secondly the shielding factor used 

by Ivy-Ochs et al (1999) overestimates the local production rate for terrestrial 

cosmogenic nuclides and thirdly the 10Be production rate used by Ivy-Ochs et al 

(1999) is considerably higher than the more widely used values of Stone (2000) 

(Rother, 2006). It is therefore argued by Rother that the ages produced by Ivy-Ochs 

et al can only be minimum ages and “that the true ages of both advances are between 

0.5 – 2 ka older” (p176). Whilst this would predate and nullify a New Zealand 

Younger Dryas it would place the advances in the vicinity of the Antarctic Cold 

Reversal and may be the representative local signature of this event (Rother, 2006). 

The following section details the main findings of glacial research from a selection 

the South Island’s Eastern and Northern valleys. The order is geographical running 

from North to South. 
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2.2.1 North West Nelson 
 Through the use of cosmogenic dating techniques a glacial chronology was 

produced in the Cobb Valley for the LGIT (20 -10 ka) that demonstrated a clear 

pattern of deglaciation with no evidence of a Younger Dryas associated re-advance. 

The sampling regime for this study consisted of 21 paired 10Be and 26Al ages from 9 

sites spanning a 21km section of the upper Cobb Valley (Shulmeister et al, 2004).   

 
Fig. 2.1. A summary of the cosmogenic sampling (1-9) and the terminal ice positions in the Upper 

Cobb Valley. Diagram reproduced with permission from Shulmeister. 

   

 In summarising their data Shulmeister et al, state that the deglaciation of the 

valley was continuous and rapid and that it showed no sign of late glacial re-

advance. It was also stated that there had been an underestimation of ice volume in 

previous studies (Shulmeister et al, 2004). This led them to look at alternative 

sources such as reduced equilibrium line altitudes (ELAs) for the Southern Alps. 

From this it was determined that a cooling of  less than 3o C would depress the ELA 

in the Cobb area by approximately 500m and that this would result in cirque 
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glaciation, whilst a cooling of 4o C could result in ice accumulation on the upland 

plateau (Shulmeister et al 2004).  However when the local pollen record was looked 

at it was noted by Shulmeister et al that there was no evidence for cooling below 3o 

C thereby eliminating widespread cooling as the sole cause. A search of the 

literature produced evidence that glaciers in western New Zealand respond to 

anomalous regional air flow patterns. Shulmeister et al (2004) state that “ These 

airflow patterns can be summarized as enhanced south-westerly flow … reduces 

ablation and increases precipitation, causing glacial advances, whereas enhanced 

northerly flows … reduce precipitation and increase ablation, causing retreat…The 

critical difference is elevation.” (p.464). Equipped with this information and the 

ELA estimates for the LGIT and Holocene periods Shulmeister et al produced a 

model under which glacial advance could occur on the West Coast (eg. Franz Josef) 

with little to no effect in the Nelson area. The primary driving force behind this 

model was the interaction between the regional westerly airflows and the tropical 

Pacific, therefore it was concluded that “Synoptic change and not temperature 

reduction, is the primary candidate for deglacial variability” (Shulmeister et al 2004. 

p 465).  

 

2.2.2 The Hope-Waiau Valley, North Canterbury 

 A recent study on the Hope-Waiau valley system by Rother (2006) has given 

new insights into how New Zealand glaciers operate during periods of glaciation. 

Age control for this study came by way of 14 luminescence dates, 7 cosmogenic 

dates and 2 from radiocarbon dating methods, which together span the period from 

165ka to 10ka BP (Rother, 2006). One of the key finds from these dates was that 

large portions of the valley fill were dated to oxygen isotope stage (OIS) 5 and 3 

rather than the LGM (OIS 2 and late 3) (Rother, 2006). Deposits at both Glynn Wye 

and Poplars Gully in the lower Hope Valley were previously thought to be LGM in 

age and were thought to represent the maximum aggradation level of the valley 

during the LGM. However luminescence dating from these sediments returned a 

date equivalent to OIS 6 or approximately 180ka.  
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 From the sedimentology of the Poplars Gully outcrop Rother was able to 

produce a depositional model showing the relationships between OIS 6 sediments 

and those of the later OIS’s 4, 3 and the 2/3 transition. This model showed that the 

post OIS 6 valley glaciers operating under hyper humid conditions simply overran 

the older sediments along the valley sides rather than destroy them. Thus providing 

an extensive record of sedimentation through glacial cycling in the Hope-Waiau 

Valley system. 

 

2.2.3 The Waimakariri Basin 

 The Waimakariri Basin was the first glacial sequence to be described for the 

Canterbury region in 1958 by Maxwell Gage (Suggate, 1965). From his research 

Gage proposed 5 Late Pleistocene glacial advances spanning two glacial cycles, 

(Oldest to Youngest) Avoca, Woodstock, Otarama, Blackwater and the Poulter 

(Gage, 1958; Suggate, 1965; Rother, 2006). Within these advances only the 

Blackwater was noted to have multiple (2) advancing phases (Gage, 1958). This was 

later revised by Gage (1977) and Bell (1998) to include a second Poulter advance 

along with a third Blackwater advance. Gage’s (1958) two glaciation scheme was 

also revised by Gage (1961), this led to a three glaciation scheme, that has now 

extended out to four (Rother, 2006). Moar and Gage (1973) also identified an 

interglacial deposit in Joyce Stream, separating the Woodstock and Otarama 

advances. 

 During this early work on Canterbury’s glacial sequences it was deduced that 

periods of glaciation could be separated from each other through elevation and the 

down valley extent of the glacial deposits (Gage, 1958; Suggate, 1965; Rother, 

2006). When this was combined with rapid Quaternary uplift estimates vertically 

displacing glacial landforms, a relative uplift model was developed (Suggate, 1965; 

Rother, 2006). This allowed Gage (1958) and subsequent researchers, to 

differentiate and infer relative age classifications to the glacial deposits, as direct 

dating was not then available.  
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2.2.4 The Rakaia River, Mid Canterbury 
 The deposits of the Rakaia glacial system, down stream of Lake Coleridge 

are the result of three large tributary glaciers coalescing to form a single glacier. The 

three tributaries, the Rakaia, the Mathias and the Wilberforce all have their origins in 

the main divide of the Southern Alps. Once combined the glacier pushed ice out 

onto the Canterbury plains, up to six kilometres beyond the Rakaia Gorge (Suggate, 

1965).  

 

Acheron 3
Acheron 2
Acheron 1

Bayfield 2
Bayfield 1

Tui Creek

Advance    (Soons,1963)

 
Fig. 2.2. Summary of Late Pleistocene terminal ice positions in the Rakaia Valley after Soons (1963) 

 
In 1963 Jane Soons reconstructed the Rakaia glacial sequence using the techniques 

of Gage (1958) from the Waimakariri. This reconstruction identified four glacial 

sequences with multiple advancing phases in two of them (Soons, 1963). They were 
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(Oldest to Youngest) Woodlands, Tui Creek, Bayfield and Acheron with two 

advances in the Bayfield and three advances in the Acheron deposits (Soons, 1963; 

Rother, 2006). These sequences were then correlated with the Waimakariri 

sequences of Gage (1958), with the exception of Gage’s Avoca glaciation, through 

outwash surfaces on the Canterbury Plains (Suggate, 1965). Later work by Soons 

and Gullentops (1973) and Soons and Burrows (1978) saw the subdivision of the Tui 

Creek sequence into three advancing phases and one additional advancing phase to 

the Bayfield sequence (Rother, 2006). Preservation of older material in the Rakaia is 

well known from Speight (1927, 1930) and current studies indicate that several 

cycles of glaciation are preserved in the middle Rakaia valley (Shulmeister, pers 

comm). 
 

2.2.5 The Lake Heron Basin, Mid Canterbury 

 The Late Pleistocene glacial deposits of the Lake Heron basin were last 

described in detail by Mabin (1980, 1984) and were the subject of a minor revision 

by Oliver and Keene in 1990. For the Lake Heron Basin, Mabin described deposits 

that he believed were resultant from five glacial advances over a period of three 

glaciations. They are (Oldest to Youngest) Pyramid, Dogs Hill, Trinity, Emily and 

the Lake Heron (Mabin, 1984). The criteria for which these advances are 

distinguished is based largely on elevation, location of deposits and the weathering 

characteristics of the deposits as no sedimentological investigations were conducted 

(Mabin, 1980). Mabin states that in determining a chronological sequence for the 

glacial advances the only useful method was the post depositional modification of 

the deposits due to the lack of exposures and absolute dating methods (Mabin, 

1984). Mabin also acknowledges that the number of glaciations proposed in his 

research is most likely a minimum (Mabin, 1984).  
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 The chronology of events recorded in the Lake Heron Basin according to Mabin 

(1984) is (Oldest to Youngest); 
 

Pyramid Advance 

Long Interglacial 

Dogs Hill Advance (2 stadials) 

Interglacial 

Trinity Advance (several stadials) 

Interstadial 

Emily Advance (several stadials) 

Minor Interstadial 

Lake Heron Advance (3 stadials) 

Postglacial 
 

The stadials, as outlined above are assumed to be short retreat phases and that a re-

advance has occurred to produce deposits of the same advancing sequence. 

  The revision by Oliver and Keene (1990) saw a reclassification of the 

nomenclature in the Lake Heron Basin. They assigned the Trinity advance of Mabin 

(1980, 1984) or Trinity Hill Formation as they called it to the Clearwater lobe of the 

Rangitata glacier whilst the Emily advance (Formation) was used as the equivalent 

for the Lake Heron Basin. The deposits from the Emily advance of Mabin (1984) 

were then redefined with some of the presumably younger deposits being assigned to 

the newly described “Johnstone Stream Formation” (Oliver and Keene, 1990). The 

deposits of the younger Lake Heron advance (Formation) were also redefined, this 

time the older deposits of the Lake Heron advance were reassigned to the Johnstone 

Stream Formation of Oliver and Keene (1990). Whilst it is not openly stated in the 

literature these reclassifications appear to be based on their re-mapping of the 

Quaternary deposits in this area and probable ages, as the publication ‘Geology of 

the Clearwater Area’ is an accompaniment to the New Zealand 1:50 000 Geological 

Map Sheet J36 BD & part J35 Clearwater. The age estimates are based on the 

correlation of the Lake Clearwater, Hakatere advance to the Bayfield advance of 

Soons (1963) from which a Bayfield 2 radiocarbon age of 22 800 ± 800 years BP 
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(Soons and Burrows, 1978) was extracted, placing an upper limit on the Hakatere 

(Oliver and Keene, 1990). Therefore Lake Heron’s “Johnston Stream advance was 

contemporaneous with the Hakatere advance (Hakatere Formation), so the age is 

therefore assumed to be older than 22 000 years” (Oliver and Keene, 1990. p36). 

Oliver and Keene also report an age of 17 000 to 14 000 years for the Lake Heron 

advance after Burrows (1975).  Based on these reclassifications Oliver and Keene 

(1990) state that the glacial advances in the Lake Heron Basin should appear as 

(oldest to youngest); 

Pyramid Advance 

Dogs Hill Advance 

Emily Advance 

Johnston Stream Advance 

Lake Heron Advance 

 

It should be noted that this reclassification does not appear to have been fully 

accepted as some chronologies still use the nomenclature of Mabin (see Table 1, 

Rother, 2006. p30). 

 

2.2.6 The Lake Clearwater Basin, Mid Canterbury 

 The last detailed study of the Clearwater Basin’s glacial deposits was the 

geomorphological study conducted by Mabin (1980). As in the Lake Heron basin 

Mabin concluded that there was evidence for five glacial advances representing 

three periods of glaciation with each advance separated by either an interstadial or 

interglacial of unspecified time. The chronology of events recorded in the Lake 

Clearwater Basin according to Mabin (1980) is (Oldest to Youngest); 

 

Pyramid Advance 

Long Interglacial 

Dogs Hill Advance (2 stadials) 

Interglacial 

Trinity Advance (several stadials) 
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Interstadial 

Hakatere Advance (several stadials) 

Minor Interstadial 

Spider Lakes Advance (3 stadials) 

Postglacial 

 

Spider Lakes 3
Spider Lakes 2
Spider Lakes 1

Hakatere

Trinity

Advance      (Mabin,1980)

 
 Fig. 2.3. Summary of the terminal ice positions in the Rangitata River and the Clearwater 

Basin, after Mabin, 1980. 
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 The foundation, on which Mabin’s chronological conclusions are drawn, lies 

largely on the geographical positioning of the younger deposits sitting within or 

behind older deposits. This was the same approach used by previous researchers (eg. 

Gage, 1958; Soons, 1963; Suggate, 1965). In the case of the Spider Lakes and 

Hakatere sequences Mabin states that they, they being Spider Lakes “can be 

distinguished … largely on the basis of their smaller extent” (p.146). Mabin also 

concluded that all of the landforms that appear behind the Spider Lakes three 

advance represent a deglacial sequence and “at no stage during the deglaciation is 

there evidence for a re-advance of the glacier” (p.165). Lateral moraines that line the 

margin of the basin along with the nine deglacial ice formlines described by Mabin 

(1980) led to the idea that the ice formlines represent brief pauses or periods of 

stillstand during the deglaciation of the basin. In short Mabin produced a 

glacial/deglacial sequence that was comparable to other South Island valley systems 

(eg. Gage, 1958; Soons, 1963; Suggate, 1965) based on his geomorphological 

findings.  

 

 One of the problems that has plagued researchers over time has been the 

availability of reliable dating methods. Methods for stratigraphic correlation such as 

those employed by Gage (1958), Soons (1963) and Suggate (1965) still hold 

relevance when attempting to understand the relationships of valley sequences and 

have provided good correlations in identifying inter valley relationships. However 

they are relative methods and cannot provide absolute dating control. Therefore 

when trying to understand these valley systems it becomes imperative that a variety 

of techniques be applied to produce an accurate chronology, as this will give a well 

grounded base on which conclusions can be drawn. 

 The question surrounding how many advances are recorded in New 

Zealand’s valley systems also relies heavily on age control and on the perception as 

to what defines an advance phase of a glacier or minor oscillations in a deglacial 

sequence. Mabin acknowledges that there is a possibility that some smaller events 

(presumably advances) have been destroyed by larger ones and states that “these 

unrecorded glacial events are unimportant.”(Mabin, 1984. p201). This holds 
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implications for the literature from a nomenclature point of view and may mean that 

there are many deposits that could provide valuable paleoclimate information that 

are being overlooked due to their absence from the literature. One of the aims of this 

thesis is to evaluate the sequences in the Lake Clearwater basin with a view point to 

ascertain their relevance, if any to the overall glacio-climate record.    
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CHAPTER 3 

 

Geomorphological Features of the Lake Clearwater Basin 

 

3.1. Introduction 
 The preservation of glacial geomorphic features within the Clearwater area is 

excellent. This appears to be a function of the fact that the field area is substantially 

higher than the Rangitata River valley and that there are no major tributaries that 

pass through it. This has meant that post glacial erosion has been confined to small 

scale fluvial and colluvial activity. During the initial stages of this study, after 

preliminary reconnaissance of the field area had been completed and comparisons 

were made to the current literature, the need for more detailed geomorphological 

descriptions was identified in order to gain a more comprehensive understanding of 

the deposits. Prior to this study, the most detailed work undertaken in this area was 

that of Mabin (1980) in which the late Pleistocene glacial deposits were identified 

and grouped, mapped and then assigned to a series of advances. Subsequent to the 

geomorphological maps of Mabin, geological mapping in this area such as the New 

Zealand 1:50 000 Geological Map Series sheet j36 BD and part j35 (Oliver and 

Keene, 1990) have also omitted much of the detail associated with these Quaternary 

deposits. It is therefore the aim of this chapter to provide detailed descriptions of 

these deposits along with visual references in order to assist in the overall 

reconstruction of the glacial history of the basin. 

 

3.2. Methodology 

 The initial processes involved in both describing and understanding the 

geomorphology of this area was to create morphological maps from aerial 

photographs from the Dept of Lands and Survey collection held at the map library at 

the University of Canterbury. The most useful of these were from runs undertaken in 

1964 at 25 000 feet and 1972/74 at 18 500 feet. The 1964 runs include photographs 

3729/14-15 and 3730/13 whilst the 1972/74 runs include photographs S80/3C, 
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S81/1A-C, S81/4A-C, S81/7A-C. The base maps were then recreated into a digital 

format using Arcmap, an GIS based mapping program. The grid references given in 

this chapter are NZMS 260 used in the Dept of Lands and Survey Information 

topographical map sheets J35 - Arrowsmith and J36 – Mount Harper / Mahaanui.  

The use of internet based satellite imagery through Google Earth was also found to 

be particularly useful when writing this chapter and as a result all grid references, 

along with their section heading, can be found as footnotes, where they have been 

converted to New Zealand Geodetic Datum coordinates (Latitude / Longitude, 

labelled in degrees, minutes, seconds), so that the reader can fully utilise the virtual 

field area of Google Earth whilst reading.  

 The field work was conducted throughout 2006/2007 and entailed the visual 

confirmation, cross referencing and the recording of the different geomorphologies 

that had been first observed in aerial photographs. Field measurements such as mean 

height above sea level (a.s.l) and geographic positioning were taken using a 

handheld Garmin e-trex GPS unit.  

 The manner in which this chapter has been written has been designed to fully 

utilise online programs such as Google Earth as well as the more traditional mapping 

methods. Where possible, photographs will be used to provide a visual account of 

each geomorphic feature which can then be used in conjunction with Google Earth 

and the accompanying map in order to gain an improved perspective of the overall 

terrain, as the map itself is a summary of the area’s geomorphology.  

 

3.3. Non Depositional Landforms 

3.3.1 Fault Traces 
Evidence for active faulting within the basin is seen in the form of vertically 

displaced fluvial surfaces, lineations across melt out deposits and a lateral 

displacement of Lambies stream. These three types of features are associated with an 

anastomosing set of faults that are believed to be part of the Lake Heron fault system 

(Fig 3.1). The displaced fluvial surfaces are those of the Paddle Hill Creek fan 
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(J36/586333)1 where a vertical displacement of approximately 15 metres is clearly 

visible. Paleo channels are seen on both sides of the fault and show no lateral 

displacement. This indicates that this most likely to be normal faulting with the 

footwall on the eastern or downstream side. The fault can be traced northward into 

the Lake Heron basin and southward to the Spider Lakes where it disappears beneath 

the Spider Lakes 3 glacial deposits (J36/583323)2. A likely continuation of this fault 

can be seen to the southwest of the Spider Lakes (J36/570316)3 where a low relief 

(approximately 1 to 2 metre) scarp and a geomorphic lineation of approximately 370  
 

 
Fig 3.1. Aerial photograph showing the Lake Heron Fault trace. A denotes the position of the fault 

scarp that displaces the Paddle Hill Creek surface. B  shows the position of the low relief fault scarp 

and lineation whilst C highlights the position in which Lambies Stream briefly changes orientation to 

a north east/south west trend (orientated with the fault) which may be indicative of underlying lateral 

fault displacement. The arrow in the upper right shows the northward direction in which the Lake 

Heron fault can be traced and the lower left arrow indicates where the fault trace disappears and is 

thought to connect to the Forest Creek fault system of Upton et al (2004). Sourced from aerial 

photography S 81 / 4 / C. Crown Copyright Reserved. 

                                                 
1 S 43o35’40”, E 171o07’31”   Fault traces 
2 S 43o36’10”, E 171o07’16”   Fault traces 
3 S 43o36’33”, E 171o06’18”   Fault traces 
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metres can be seen in glacial melt out deposits. The trace then disappears until it is 

picked up again by a lateral displacement of Lambies stream to the order of 500 

metres (J36/561311)4. From here the trace is no longer seen however the westward 

trajectory from this point is headed toward the Balmacaan Saddle where Upton et al 

(2004) infer an eastward continuation of the Forest Creek Fault. 

 

3.3.2 Trimlines 

 Trimlines can be seen along the north/north eastern sides of the Harper 

Range (J36/548283)5 and on the south western side of the Moorhouse Range leading 

into Pudding Valley (J36/586257)6. At the entrance to the Trinity Valley 

(J36/612292)7 the Moorhouse Range also bears trimlines on the north eastern side. 

Trimlines in the basin are mostly seen as lines that mark over steepened hillsides. 

However some, such as those located at the south western corner of Lake Emma 

(J36/568277)8 are clearly produced by the glacial scouring of bedrock. Other forms 

of glacial trim such as truncated spurs are found extensively throughout the basin 

especially in the narrow confines of the Pudding and Trinity valleys. 

 

3.3.3 Lake Basins 
 Although there are many small lakes scattered throughout the Clearwater 

basin only the largest four have been bathymetrically mapped in the New Zealand 

Oceanographic Institute 1:5000 Chart, Lake Series. These are Lake Camp, Lake 

Clearwater, Lake Emma and Lake Roundabout. 

 Lake Camp (aka Lake Howard) is located next to Lake Clearwater 

(J36/530309)9 and lies parallel to the valley walls. It is rectangular in shape with a 

shoreline circumference of approximately 3.35 kilometres. The lake depth is 

approximately 18.9 metres at its deepest point which is located in the centre region 

of the lake (Irwin 1985a). The northern shoreline rises steeply for approximately 30 
                                                 
4 S 43o36’49”, E 171o05’36”    Fault Traces 
5 S 43o38’18”, E 171o04’33”    Trimlines 
6 S 43o39’45”, E 171o07’22”    Trimlines 
7 S 43o37’53”, E 171o09’19”    Trimlines 
8 S 43o38’40”, E 171o06’03”    Trimlines 
9 S 43o36’5”, E 171o03’17”    Lake Basins – Lake Camp 
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metres into the moraine deposits of the Clearwater terminal position, whilst the 

western and southern shores are flanked by heavily channelled kame terraces. To the 

east the lake abuts outwash surfaces of the Clearwater moraines and the Balmacaan 

Stream alluvial fan. Lake Camp is fed by several small streams that drain the 

surrounding kame surfaces a well as the Balmacaan Stream. Drainage from Lake 

Camp flows into Lake Roundabout via a small stream that runs between the 

Clearwater outwash and the Balmacaan alluvial fan. This stream appears to be active 

only at times when lake levels are of sufficient height to permit outflow and during 

periods of high rainfall or snowmelt. 

 Lake Clearwater (aka Lake Tripp) is the largest lake in the Clearwater basin 

and is located 666.9 metres a.s.l (J36/525320)10. The lake lies sub parallel across the 

valley floor and is of an elongate shape. The lakes shoreline circumference is 

approximately 8.87 kilometres and reaches a depth of 19 metres at the deepest point 

(Irwin 1985a). Lake Clearwater is flanked along its northern shoreline by arcuate 

hummocky moraine deposits, extensively channelled kame deposits and their 

associated alluvial fans. Relatively flat lying outwash surfaces, hummocky moraine 

deposits and swampland are also found along the west/northwest shores of the lake. 

To the east the lake abuts a suite of moraine deposits that rise approximately 30 

metres above the lake level and to the south the lake is flanked by deeply channelled 

kame surfaces. Lake Clearwater is fed primarily through Whiskey Stream which 

flows down from the Harper Range and Craddock and Kenneth Streams which drain 

the Kame surfaces on the opposite side of the valley. During periods of high rainfall 

many of the channels that incise the surrounding kame surfaces re-activate and 

provide conduits through which runoff waters can flow into the lake. Drainage from 

Lake Clearwater is via Lambies Stream which flows in an easterly direction 

eventually linking up with the South Branch Ashburton River. 

 Lake Emma (aka Lake Acland) is the second largest lake in the Clearwater 

basin and is situated 655.6 metres a.s.l (J36/573286)11 Lake Emma is triangular in 

shape with a shoreline circumference of 6.17 km. The deepest point is located near 

                                                 
10 S 43o36’15”, E 171o02’54”    Lake Basins – Lake Clearwater 
11 S 43o38’09”, E 171o06’24”    Lake Basins – Lake Emma 
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the southern corner of the lake and is approximately 3 metres deep (Irwin 1985b). 

The lake is bound to the north by an area of raised topography (20 to 25 metres 

high). To the east the lake is confined by an extensive suite of moraines. The Harper 

Range lines the southern shoreline whilst hummocky terrain, outwash surfaces and 

alluvial fans make up the western shoreline. Lake Emma is fed by a small stream 

that runs from Lake Roundabout and by numerous small channels that supply runoff 

water from the surrounding area. Outflow from the lake is via Emma Stream in the 

south east corner of the lake which flows north / north east to link into Lambies 

Stream. Emma Stream has incised several moraines indicating that it was the main 

post glacial drainage conduit for the lake. However a man made earthen dam has 

now relegated the stream to an overflow channel which flows only when the lake 

levels rise to the required level. 

 Lake Roundabout is the smallest of the mapped lakes with a shoreline 

circumference f just 1.5 kilometres. It is located 668.1 metres a.s.l (J36/563300)12 

and has a deepest point of 1.7 metres (Irwin 1985b). The lake is situated amongst 

both meltout deposits (north / northwest) and outwash surfaces (northwest to north 

east). Lake Roundabout is fed by an outflow stream from Lake Camp and drains into 

Lake Emma via another small un-named stream. 

 Other lakes within the Clearwater basin system include Lake Denny 

(J36/586248)13, Lake Donne (J36/579317)14, Mystery Lake (J36/505390)15, Spider 

Lakes (J36/581287)16 and Trinity Lake (J36/613291)17. There are also numerous un-

named small ephemeral lakes and ponds scattered throughout the basin. Due to the 

lack of any major tributary systems within the basin all of the lakes rely on a 

combination of natural springs and seasonal inputs such as rainfall and snowmelt. 

 

 

 

                                                 
12 S 43o37’23”, E 171o05’42”    Lake Basins – Lake Roundabout 
13 S 43o40’13”, E 171o07’19”    Lake Basins – Lake Denny  
14 S 43o36’30”, E 171o06’57”    Lake Basins – Lake Donne 
15 S 43o32’29”, E 171o01’35”    Lake Basins – Mystery Lake 
16 S 43o38’09”, E 171o07’03”    Lake Basins – Spider Lakes 
17 S 43o37’58”, E 171o09’25”    Lake Basins – Trinity Lake 
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3.4. Depositional Landforms 

3.4.1 Alluvial Fans 
The presence of alluvial fans is common throughout the basin. They vary greatly in 

size depending on where they are situated and the amount of source material 

available to build them. They tend to be semi conical in shape when viewed in aerial 

photographs and show a downstream broadening due to a diminished transportation 

capacity as the fan flattens out across the basin floor. The fans are often vegetated in 

local grass and shrub species and in most cases are heavily channel scarred. As one 

would expect the largest fans are currently, and appear to have been historically 

active since the deglaciation of the basin. These include the Potts River fan 

(J36/430344)18, the Balmacaan Stream fan (J35/538410)19), the Paddle Hill Creek 

fan (J36/595325)20 and the Pudding Valley Creek fan (J36/608181)21. Of these fans 

only the Potts River fan is being built with the assistance of a major waterway. All 

of the others are attributed to smaller creeks that increase their flow seasonally 

during periods of increased rainfall or snowmelt.  

  

3.4.2 Colluvial Deposits 

The largest colluvium deposits within the basin system can be located along 

oversteepened valley walls such as those found on the southern side of the Dogs Hill 

Range (J36/536361)22. They present as a series of steep sloped, coalescing semi 

conical fans that form a rocky debris apron at the base of exposed bedrock valley 

walls. They are partially covered in local shrub species but for the most part are bare 

rock. These colluvial fans appear to be the direct result of mass wasting processes 

and slope wash from the exposed bedrock surfaces. 

 

 

 

                                                 
18 S 43o34’51”, E 170o55’54”    Alluvial Fans 
19 S 43o31’27”, E 171o04’05”    Alluvial Fans 
20 S 43o36’07”, E 171o08’07”    Alluvial Fans 
21 S 43o43’54”, E 171o08’51”    Alluvial Fans 
22 S 43o34’05”, E 171o03’50”    Colluvial Deposits 
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3.4.3 Landslide Deposits 

Large landslide deposits are relatively few within the basin especially when one 

considers the amount of ice that once occupied the basin and the amount of over 

steepening that has occurred. Despite this two have been identified and are described 

here. The first can be located on the northern face of the Harper Range, south/south 

west of the Lake Clearwater settlement (J36/512303)23 (Fig 3.2). Landslide data 

presented by Whitehouse (1983) show that the deposit is 5 metres thick, 

approximately 900 metres in length and has a vertical drop of about 300 metres. The 

total volume of the landslide is estimated to be 2 x 106 m3 over a total deposit area of 

38 x 104 m2 (Whitehouse 1983).  This deposit can be easily identified by its lobate 

shape that sits beneath a steep head scarp. The landslide debris intersects and buries 

well defined kame terraces and presents as hummocky with minor ridge lined 

drainage channels that run laterally across its surface.  
 

 
Fig 3.2. The extent of the Lake Clearwater landslide. Arrows in lower left indicate direction of flow 

from the head scarp. Lake Camp and the Clearwater township can be seen n the upper right o the 

photo. Sourced from aerial photography S 81 / 4 / C. Crown Copyright Reserved. 
 

                                                 
23 S 43o37’11”, E 171o01’57”    Landslide Deposits 
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The second landslide deposit in the basin is located on the eastern face of the Harper 

Range in the upper sector of Pudding Valley (J36/581237)24 (Fig 3.3). For this 

deposit Whitehouse (1983) estimates a thickness of 10 metres, a length of 1400 

metres and a vertical drop f 600 metres. The total volume estimate for this landslide 

is 10 x 106 m3 with a total deposit area of 122 x 104 m2  (Whitehouse 1983).The 

deposit appears in aerial photographs as being triangular in shape. The surface 

expression is hummocky and chaotic and has the appearance of being a fluid like 

deposit. The bulk of the debris is confined to a large stream channel however a 

considerable portion has been deposited on the adjacent uppermost glacial outwash 

surface (assumed to be the 30m swash of Whitehouse 1983). Whilst this deposit 

does appear to intersect an outwash fan head it is located at what is believed to be 

the maximum extent of the Trinity advance in this valley and may also be obscuring 

terminal deposits. 
 

 
Fig 3.3. Outline of the landslide deposit near Lake Denny (top right) at the entrance to Pudding 

Valley. The arrow denotes the direction of flow. The 30 metre swash of Whitehouse can clearly be 

seen where the debris has overtopped the channel sides. Sourced from aerial photography S 81 / 4 / C. 

Crown Copyright Reserved. 
 
                                                 
24 S 43o40’50”, E 171o06’55”    Landslide Deposits    
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3.4.4 Kame Deposits 
The most striking depositional feature in the Lake Clearwater basin are the extensive 

kame deposits. They present as both well defined terraces and as vast areas of 

glacio-fluvial deposited sediments. Kame terraces are especially prominent in the 

upper portion of the basin flanking the northern side of the Harper Range 

(J36/452337)25(Fig 3.5) and the south side of the Dogs Hill Range (J36/500384)26. 

They are also seen on Mt Potts (J36/448391)27 and on the southern and eastern 

flanks of Mt Guy (J36/560328)28 (Fig 3.4A). Individual terrace heights can range 

from 0.5 vertical metres to 30+ vertical metres (eg. Mt Guy) whilst similar 

variability can be seen in the overall width of these terraces. A portion of these kame 

terraces can be traced from the upper Potts River to the lower part of the basin where 

the terminal positions are located. 

 
Fig 3.4A and B. Figure 3.4A shows the kame terraces that sweep around the eastern flanks of Mt Guy 

(highlighted by arrows) with Spider Lakes 3 advance deposits in the foreground. Fig 3.5B is an aerial 

photograph showing the heavily channelled kame deposits to the north of Lake Clearwater. Lake 

Clearwater is seen in the bottom of the photo. Sourced from aerial photography S 81 / 1 / B. Crown 

Copyright Reserved. 
 

 

 

                                                 
25 S 43o35’16”, E 170o57’31”    Kame Deposits – Harpers Knob 
26 S 43o32’46”, E 171o01’09”    Kame Deposits – Dogs Hill Range 
27 S 43o32’19”, E 170o57’18”    Kame Deposits – Mt Potts 
28 S 43o35’53”, E 171o05’31”    Kame Deposits – Mt Guy 
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The widespread kame deposits of the upper basin, north of Lake Clearwater show 

extensive channelling across their entire surface (Fig 3.4B). At several locations 

these channels have deeply incised the deposits and can be easily seen in aerial 

photographs. The area over which these deposits are found ranges from the well 

defined kame terraces that line the Dogs Hill Range to the lower most floor of the 

basin where a distinct change to outwash deposits is seen. 
 

 
Fig 3.5. A southward view toward Harpers Knob (J36/452337) from the upper Potts River outcrop. 

From this location prominent kame terraces, marked by arrows, are seen dipping into the Clearwater 

Basin. 
 

3.4.5 Kettle Features 
Kettle Holes are present throughout the entire basin system and in many cases have 

formed ponds or small lakes such as the Spider Lakes (J36/576318)29. Within the 

basin they tend to be associated with terminal ice landforms such as moraines and 

hummocky terrain (eg: Spider Lakes). The kettle holes range in size from being 5 to 

250+ metres across and can be as deep as 25 metres. Other localities within the 

                                                 
29 S 43o36’28”, E 171o06’41”    Kettle Features – Spider Lakes 
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system include the Hakatere terminal position at the entrance to Pudding Valley 

(J36/591280)30, east of Lake Roundabout (Fig 3.6) where a distinct grouping can be 

seen with no clear relationship to a terminal position (J36/569301)31 and in the area 

immediately to the west of Lake Clearwater (J36/488336)32.  

 

 
Fig 3.6. Image shows a kettled surface (circled) to the east of Lake Roundabout (pictured left). Kettle 

holes at this location can reach up to 20 metres in diameter and a depth of up to 5 metres. Image taken 

from Google Earth, 2007. 

 

3.4.6 Eskers and/or Esker-Like Drainage Features 
An esker as described by Evans (2002) is an “Elongate sinuous ridge composed of 

glaciofluvial sediments and marking the former position of a subglacial, englacial or 

supraglacial stream.” (p.719). Two deposits that appear to fit this description can be 

found within the Lake Clearwater basin, however they cannot be confirmed by 

sedimentology as no outcrops are present. 

                                                 
30 S 43o38’30”, E 171o07’48”    Kettle Features – Entrance to Pudding Valley 
31 S 43o37’20”, E 171o06’12”    Kettle Features – East of Lake Roundabout 
32 S 43o35’ 22”,E 171o00’12”    Kettle Features – West f Lake Clearwater 
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 The first deposit is located in the vicinity of the Spider Lakes (J36/576318)33. 

It presents as a series of elongate ridges that track west to east for up to 350 metres 

and are up to 30 metres wide (Fig 3.7). They are located in an area that is 

extensively hummocky and pitted with kettle holes and as a result they tend to be 

variable, between 5 to 10 metres in height. The most prominent ridges at this 

location meander in the same manner as a stream and are distinctly different from 

the surrounding topography. 
 

 
Fig 3.7. The arrows, located on the upper terrace indicate the direction from which deposition 

occurred. The meandering ridges are clearly visible as they appear to trace around Lake Donne 

(pictured centre lake). Spider Lakes are located just above Lake Donne. Picture sourced from Google 

Earth, 2008.  

 

The second of these esker-like deposits is located on the north/north eastern 

shoreline of Lake Roundabout (J36/563304)34. At this location there are several 

small elongated ridges (up to 100 metres in length) and one large ridge that is 

estimated to be 500 metres in length (Fig 3.8). This ridge is approximately 10 metres 
                                                 
33 S 43o36’28”, E 171o06’41    Eskers and/or Esker-Like Drainage Features – Spider Lakes 
34 S 43o37’10”, E 171o05’45”    Eskers and/or Esker-Like Drainage Features – Lake Roundabout 
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high and is less sinuous than those at the Spider Lakes location. The ridge is aligned 

in a northwest/southeast orientation which is concordant with the ice flow direction 

in this part of the basin. The ridge(s) lead from or to an area of raised topography (15 

to 20 metres) in the northwest to an area of extensive kettle type topography in the 

south east. 
 

 
Fig 3.8. The elongate sinuous ridge in the centre of the picture (arrowed) extends out from an area of 

raised topography (top left) toward the eastern corner of Lake Roundabout. The area directly to the 

right of the picture is a relatively flat lying outwash type surface which is extensively kettle holed 

(refer to figure 3.6). Picture sourced from Google Earth, 2008. 

 

3.4.7 Moraine Deposits 
The moraine deposits of the Lake Clearwater basin are prominent features on the 

landscape. The moraines range from large constructional moraines, low to medium 

relief hummocky moraine and lateral, fronto-lateral deposits. In most cases they can 

be traced laterally along the basin walls and concentrically across the basin floor 

extending throughout the entire length of the basin. Here these features are described 

in conjunction with their local type section  
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Constructional Moraine Deposits 

 Constructional moraine deposits can be located at several locations 

throughout the basin and is the dominant moraine type of Mabin’s (1980) Spider 

Lakes advance deposits located across the lower most part of the basin. The type 

section or area from which this type of deposit is described can be located near the 

Hakatere gravel pit (J36/599310)35 and encompasses both Spider Lakes 2 and 3 

advance deposits. At this location the deposits comprise groupings of large 

hummocks of approximately 20 to 25 metres in height (Fig 3.9B). They cover an 

area of between 200 to 300 metres wide, 1.1 to 1.6 kilometres in length and form an 

arcuate shape across the basin floor (Fig 3.9A). They have a tendency to be 

asymmetric in shape with a moderate to steep frontal slope whilst the rearward or up 

valley side has a more hummocky and/or ridged appearance. The deposits are 

separated (ie: Spider Lakes 2 and 3) at this location by channelled surfaces that have 

scoured or washed out rearward portions of the preceding deposit causing an over 

steepening. 

  

 
Fig 3.9A and B. Fig 3.9A is an aerial photograph showing the Hakatere and Spider Lakes advance 

deposits of Mabin (1980) and how they lie on the basin floor. Fig 3.9B gives a view across the Spider 

Lakes 3 deposits of Mabin (1980). 3.9A sourced from aerial photography S 81 / 4 / C. Crown 

Copyright Reserved.  

 

                                                 
35 S 43o36’55”, E 171o08’26”    Moraine Deposits – Hakatere Gravel Pit   
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The upper surfaces are smoothed and rounded and are often marked with large 1 to 2 

metre (diameter) sized erratic boulders. The upper surfaces are intermittently lined 

by low relief ridges that range in height from 0.5 to 5 metres above the smoothed 

rounded surface. These ridges can be identified in the field by their symmetric shape 

and their tendency to be lined along their crest with both small and large erratics 

(Fig 3.10). Similar features of this moraine type can also be seen in Hakatere 

deposits (J36/612315, J36/590277)36 

and, the Lake Emma Moraine 

Complex (J36/579274)37 and Lake 

Clearwater deposits (J36/534314, 

J36/508329)38. 

 

 

 
Fig 3.10. View looking eastward  along a 

small boulder lined ridge crest. The ridge is 

approximately 0.5 metres high in the 

distance and 5 to 6 metres high in the 

foreground.  

 

 

 

Hummocky Moraine (Low to Medium Relief) 

 This type of landform is also widespread throughout the basin and is often 

seen in conjunction with the constructional deposits. The type section used for the 

following description can be located near the head of Lambies Stream, the outlet for 

Lake Clearwater (J36/539317)39. This site was chosen as it is one of the few 

localities where this type of terrain can be seen as a stand alone feature without the 

immediate presence of other moraine types. 

                                                 
36 S 43o36’40”, E 171o09’23”and S 43o38’42”, E 171o07’40”    Moraine Deposits – Hakatere Moraine  
37 S 43o38’49”, E 171o06’51”    Moraine Deposits – Lake Emma Moraine Complex 
38 S 43o36’37”, E 171o03’37”and S 43035’45”, E 171o01’40”    Moraine Deposits – Lake Clearwater 
39 S 43o36’28”, E 171o03’59”    Moraine Deposits – Lake Clearwater hummocky Terrain 
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 Here the hummocky terrain sits adjacent to an identified outwash surface and 

leads down slope to Lambies Stream. The hummocks range in size from 

approximately 2 to 5 metres in height with individual hummocks being semi conical 

to conical in shape. The troughs show no uniformity in depth or circumference and 

in many cases they are divided by low saddle-like partitions (Fig 3.11). The upper 

surfaces are smoothed or rounded and no erratics or ridgelines were observed. This 

terrain type appears to be randomly orientated with no linear features.  
 

 
Fig 3.11. Hummocky terrain near the outlet of Lake Clearwater (J36/539317). View is looking east 

with Lambies Stream is on the left side of the photo and the higher outwash surface is on the right. 

 

Lateral Moraine Deposits 

 The lateral moraine deposits of the Clearwater basin are most prevalent on 

the extensive kame deposits located to the north of Lake Clearwater (Fig 3.12). Here 

the lateral moraines vary in height from low relief structures (approximately 2 

metres) to large 15 to 20 metre high structures (Fig 3.13).  They show a similar 

variation in width where up to 60 metres can be observed and length with some 

moraines reaching up to and over 650 metres. Most of these moraines have a 

rounded or smoothed appearance and show linear trends that mimic the path of the 

adjacent meltwater channels. Large erratic boulders are rare, however when they are 

seen they tend to be located on the inside or valley side of the moraine as opposed to 

the outer or valley wall side. These boulders are variable in size and can be up to 2 

metres (a-axis) in size. Smaller erratics are more common and show a similar 

distribution. 
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Fig 3.12. This graphic shows the positions of fronto-lateral and lateral moraines. A minimum of 14 

separate recessional moraines are identified from the upper Potts River region, whilst a minimum of 

23 are found along the basin floor from Mt Guy to the lower Potts River.    

 

 

 
Fig 3.13. This photo shows a large lateral moraine (marked by the arrow). It can be found on the 

surface of the Clearwater kame deposits sitting above the upper Potts River outcrop (J36/485375)40. 

This moraine is approximately 15 to 20 metres high by 50+ metres wide. The moraine is constant at 

this height for around 150 to 200 metres and then becomes more subdued in height however it can be 

traced for approximately 690 metres. Other small lateral deposits can also be seen to the left of the 

highlighted moraine, just above the outcrop.  

 

 

                                                 
40 S 43o33’15”, E 171o00’03”    Moraine Deposits – Lateral moraine in the upper Potts River region 
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One large lateral moraine deposit located at in the valley between Mt Guy and the 

Dogs Hill Range has cut off a tributary valley. The moraine is approximately 30 

metres high and 400 metres long. It is steep faced on the Mt Guy side (Fig 3.14) 

which appears to be a function of fluvial activity and has low relief, hummocky, 

down sloping gradient into the tributary valley.   
 

Fig 3.14. In this photo a 

large lateral moraine 

deposit has completely 

blocked a tributary valley 

(J36/5566363)41. The 

moraine height is 

approximately 30 metres 

and hides a large 

swamp/bog on the other 

side from which this photo 

was taken. A road cutting 

can be seen on the right 

hand side of the moraine. 

 

3.4.8 Glacio-fluvial and Outwash Surfaces 
 Due to the lack of any major rivers systems in the Clearwater basin the 

fluvial and outwash surfaces that are found, share many attributes and are at times 

often difficult to distinguish from each other. This is due to the fact that they are 

closely related with regard to the Clearwater ice lobe and both can be used to 

identify recessional ice front positions throughout the entire length of the valley. As 

a result the term Glacio-fluvial has been applied to all fluvial surfaces. The glacio-

fluvial surfaces can generally be traced along a line of origin ie; an active or non 

active terraced stream channel, whilst the outwash surfaces tend to have a more 

broad point of origin that is often directly related to and can be traced back to 

moraine deposits. The outwash surfaces appear to represent sediment deposition in 

the form of an ice front fan whereas the channels that are associated with fluvial 

                                                 
41 S 43o34’01”, E 171o05’16”   Moraine Deposits – Lateral moraine in tributary system 
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activity within the basin have been brought about through the degradation of these 

fan surfaces. Therefore the key distinguishing feature between the two surface types 

is the presence or absence of a confining, degradational channel that controls the 

direction in which the discharge water can flow. It is on this basis that the following 

descriptions have been made. 

 

Glacio-fluvial Surfaces  

 Glacio-fluvial surfaces and terraces are both narrow and broad areas of 

relatively flat topography that are aligned along drainage channels. They are 

typically observed as flights of sub parallel surfaces that may or may not be paired 

on either side of a channel (Fig 3.15) and are marked on their surface by 

anastomosing linear patterns. These patterns are aligned sub parallel to the channel. 
 

 
Fig 3.15. A set of glacio-fluvial terraces are seen here in the upper north-eastern corner of the field 

area (J36/586342)42. The terraces have been fluvially cut by meltwaters from the receding ice, 

highlighting the close relationship between fluvial (glacio-fluvial) and outwash processes. 

 

                                                 
42 S 43o35’10”, E 171o07’28”    Fluvial and Outwash Surfaces – Paddle Creek terraces       
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Outwash Surfaces 

 The outwash surfaces of the Clearwater basin can be observed as both 

narrow and broad areas of flattened topography that lead away from and lie between 

moraines and moraine belts. Their surface area is also marked by anastomosing 

linear patterns that lead away from the moraines (J36/606316)43. The linear patterns 

are not necessarily aligned in a down valley direction rather they show a tendency to 

be aligned with the direction in which the water was discharged from the leading ice 

front (Fig 3.16). 
 

Spl 1
Moraines H

 
Fig 3.16. An aerial photo showing the relationship between an outwash surface and fluvial surfaces 

within the Clearwater basin. The outwash (highlighted by the white outline) has been deposited at the 

leading edge of the Spider Lakes 1 advance and envelopes the Hakatere advance (H) of Mabin 

(1980). The white arrows indicate the direction of flow from the ice front which does not always 

match the down valley nature of the fluvial systems (blue arrows), despite there being relatively little 

time between the formation of both surfaces. Site location is J36/606316, Photo taken from Google 

Earth, November, 2007.   

                                                 
43 S 43o36’37”, E 171o08’58”    Fluvial and Outwash Surfaces – Spider Lakes 1 Outwash Surface 

Spl 1 Outwash 
Surface 
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3.5. Sub Glacial Bedforms 

3.5.1 Fluting 
 Fluted surfaces are the only subglacial bedform identified within the basin. 

When viewed on aerial photographs they appear as prominent, thin, elongate 

structures. They resemble large scale striation of the ground surface and are aligned 

to the direction of ice flow (Fig 3.17), however they are extremely difficult to 

confirm in the field.  
 

 
Fig 3.17. An aerial photo showing the area next to Lake Emma (pictured) that best demonstrates how 

a fluted surface appears within the Clearwater basin. The arrows denote the flow direction of the ice 

and highlight the striae-like patterns on the ground surface.  
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3.6 Geomorphological Interpretation 
 The geomorphic features demonstrate that by the height of the LGM the 

Clearwater ice had breached the confines of the upper basin and spread out across 

the lower basin floor to produce a piedmont style glacier. Once the LGM had 

peaked, marked by the Trinity deposits in Pudding and Trinity valleys, the ice began 

a path of retreat that has been recorded by a discontinuous series of terminal and 

lateral moraines and their associated meltwater channels. 

 The first of the deglacial sequences are the Hakatere moraine deposits found 

in the lower reaches of the basin. At location J36/61231544 this moraine is seen as a 

prominent elevated surface that is totally surrounded by an outwash surface. The 

surface itself is approximately 20 to 25 metres high and is marked with erratic 

boulders and a low relief moraine ridge. At other locations such as the Lake Emma 

Moraine Complex (J36/590277)45 the Hakatere deposits are seen as a series of low 

relief hummocky and constructional type moraines. On the eastern or front side of 

the moraines is an outwash fan surface leading into Pudding Valley, whilst the rear 

of the deposit comprises low to medium relief hummocky moraine and kettle 

topography that has been scoured out at the base by a younger glacio-fluvial surface. 

The distance between the older Trinity deposits and the Hakatere deposits in the 

Pudding Valley is approximately 2 kilometres and shows no evidence for stillstand 

or ice front oscillation. This is most likely due to the recessional positions being low 

relief structures that were buried by later outwash fans at this location. 

 The next stage of recession saw the ice retreating to the Spider Lakes 1 

position in the main basin (J36/606316)46. These deposits are represented by a series 

of low relief hummocky moraines that have been heavily dissected by glacio-fluvial 

meltwaters. The moraines have an outwash fan on which anastomosing drainage 

features can be seen leading away from the moraines themselves. At this location the 

increased meltwater activity is interpreted as being due to a change in local and/or 

regional climate to warmer conditions which in turn has increased the rate of 

ablation. Such a change would have caused an initial increase in the amount of 
                                                 
44 S 43o36’40”, E 171o09’23”    Geomorphic interpretation – Hakatere moraine deposits     
45 S 43o38’42”, E 171o07’40”    Geomorphic interpretation – Hakatere moraine deposits (Lake Emma)     
46 S 43o36’37”, E 171o08’58”    Geomorphic interpretation – Spider Lakes 1 moraine deposits 
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meltwater flowing from and around the ice and would later lead to an increase in 

sedimentation rates at this location. During this phase of the recession with the ice 

lowering on the sides of Mt Guy and the front shrinking, the lateral meltwaters are 

now beginning to flow around the front of the ice resulting in the dissection of the 

Spider Lakes 1 moraines. In the Lake Emma moraine complex the Spider Lakes 1 

deposits are almost indistinguishable from those of the Hakatere (J36/579274)47. 

Here the Spider Lakes 1 deposits are low to medium relief hummocky moraines and 

kettle topography that are separated from the Hakatere deposits by a small meltwater 

reversal. This reversal sees the meltwater flowing toward the South Branch 

Ashburton River via the main basin rather than out to the Rangitata via Pudding 

Valley and scouring out the rear of the Hakatere moraines (see Fig 3.18).  
 

 
Fig 3.18 This graphic shows the meltwater reversal that distinguishes the Hakatere and Spider Lakes 

1 moraine deposits in the Lake Emma Moraine Complex. The meltwaters that are depicted as flowing 

toward the bottom of the picture exit the system through the Rangitata River via Pudding Valley, 

whilst the meltwaters that flow toward the upper right exit via the South Branch Ashburton River. 

Sourced from aerial photography S 81 / 4 / C. Crown Copyright Reserved.  

                                                 
47 S 43o38’50”, E 171o06’52”    Geomorphic interpretation – Spider Lakes 1 moraine deposits (Lake 
Emma)     
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 Located immediately behind the Spider Lakes 1 moraines in the main basin 

are the Spider Lakes 2 and 3 moraines (J36/59831048 and J36/59331149). The Spider 

Lakes 2 deposits have been reduced by approximately 10% to the north by glacio-

fluvial and outwash processes whilst the Spider Lakes 3 deposits are connected at 

the northern end to the esker/kettle field in which the Spider Lakes are located. The 

internal structure of these moraine deposits, seen in outcrop, appears to be of a 

glacio-fluvial origin (Chapter 4) and is thought to represent a fan head system with 

increased sedimentation associated with increased lateral meltwaters. Behind the 

Spider Lakes 3 moraines is another band of low to medium relief hummocky 

moraine (Fig 3.19). Like the Spider Lakes 3 moraines, these moraines have been  
 

 
Fig 3.19. The Spider Lakes 3 and Spider Lakes 4 moraines (outlined in white). The Spider Lakes 4 

deposits are low to medium relief hummocky moraine and are more subdued than the moraines of 

Spider Lakes 3. 

                                                 
48 S 43o36’54”, E 171o08’22”    Geomorphic interpretation – Spider Lakes 2 moraines 
49 S 43o36’52”, E 171o08’00”    Geomorphic interpretation – Spider Lakes 3 moraines 
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sourced from the Spider Lakes area and are separated by a glacio-fluvial meltwater 

surface (J36/588309)50. They do not have any visible moraine ridges and there are 

very few erratics on the surface. These deposits were not formally recognised by 

Mabin despite the fact that they follow the same arcuate form as the other Spider 

Lakes moraines and can be clearly separated from the Spider Lakes 3 moraines. 

They are a classified as the Spider Lakes 4 recessional sequence. 

 From this point the recession appears to have been rapid as there are few 

deposits within the main basin that could be construed as being representative of 

terminal positions. Most of the deposits consist of low relief hummocky and kettled 

terrain that appears intermittently along the length of the basin floor. Fortunately the 

fronto-lateral meltwater channels that line the flanks of Mt Guy can be used to 

identify intermediate recessional positions (Fig 3.20).  
 

 
Fig 3.20. Pictured are the lateral meltwater channels and moraine deposits that are found along the 

flanks of Mt Guy. These can be used to interpret stillstand positions of the receding ice. 

 

                                                 
50 S 43o36’57”, E 171o07’36”    Geomorphic interpretation – Proposed Spider Lakes 4 moraines 
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These channels not only chronicle the flow direction of the lateral streams, but they 

appear to cut through a series of receding moraines, indicating that the ice had 

retreated from its previous position. This series of moraines and meltwater channels 

are newly described (this thesis) and like the larger Spider Lakes 4 moraine are 

proposed to be a continuation of the Spider Lakes recessional sequence that 

highlight brief periods of stillstand activity at the ice front. 

 Following on from the Spider Lakes moraine series are the moraines of the 

Lake Clearwater area. The first in this set are medium to low relief hummocky 

moraines that are located on a 30 metre high surface to the east of the Lake 

Clearwater settlement (J36/526301)51. Due to the volumetrically smaller ice body at 

this time, and at this location, the lateral meltwaters and sediments that had 

previously bypassed the main basin, via Paddle Creek were now flowing into the 

basin (Fig 3.21). This combination of high sedimentation rates, high water flow and 

receding ice in the main basin has produced a complex series of moraines, outwash 
 

 
Fig 3.21. Pictured is the first of the Lake Clearwater moraines. HM = low to medium relief 

Hummocky moraine, OWS = Outwash surface (1 is higher and is older and 2 is younger), the blue 

arrows indicate the direction of water flow over a particular surface. 
                                                 
51 S 43o37’19”, E 171o02’57”    Geomorphic interpretation – Clearwater moraines 
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surfaces and dead ice topography. The oldest of the pictured deposits is a hummocky 

moraine surface (HM 1). It comprises a medium to low relief hummocky moraine 

with large erratic boulders scattered across its surface. These moraines do not appear 

to have an associated outwash surface and are cut to the east by outwash surface 1 

(OWS 1). OWS 1 is believed to be the second in this sequence and any moraines 

associated with its origin have been subsequently removed. The second outwash 

surface (OWS 2) is interpreted as being associated with ice that was proximal to the 

current lake shoreline. It is approximately 3 metres lower and has scoured out the 

rear portion of OWS 1. OWS 2 is also interpreted as having buried dead ice along 

the southern shoreline of Lambie’s Stream (J36/541318). OWS 2 is thought to have 

been continuous across to an equivalent height on the side of Mt Guy, but was 

removed by lateral streams. Part of the OWS 2 surface remained intact whilst down 

valley, the ice that was buried melted out to produce the second hummocky surface 

(HM 2). HM 2 is a hummocky moraine with a minor kettle hole component. The 

HM 2 surface slopes from the OWS 2 surface height down to the current level of 

Lambie’s Stream. 

 Behind the Lake Clearwater moraine a series of meltwater channels deeply 

incise kame deposits along the northern shoreline of the Lake. These channels are 

also interpreted to represent recessional stillstand positions in the same manner as 

the Spider Lakes series. The main difference with these deposits is that most of the 

moraines, with the exception of one (J36/506331)52 and some remnants, have been 

buried by the glacio-fluvial sediments that have been deposited as large meltwater 

fans. The one complete deposit (Fig 3.22) is a low to medium relief hummocky 

moraine that grades laterally into a more constructional type moraine where it meets 

the shoreline of the lake. The moraine is approximately 1198 metres in length and its 

width tapers from 360 metres at the widest point to 165 metres along the shoreline of 

the lake. The front edge of the moraines has been almost completely buried and 

appears as very low relief hummocky ground. The rear section of the moraines is 

interpreted as having been over deepened at the time of deposition and that the 

sediments from the following fan have not been able to fill the void. This has 

                                                 
52 S 43o35’39”, E 171o01’34”    Geomorphic interpretation – Clearwater recessional moraines 
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resulted in both a vertical and horizontal difference between the two fan surfaces in 

which the hummocky moraines are situated. Based on the evidence presented here 

and the fact that these moraine deposits have until now remained unidentified, it is 

proposed that these deposits be recognised as part of the Lake Clearwater recessional 

sequence.  
 

 
Fig 3.22. The meltwater channels that deeply incise the kame deposits along the northern shoreline of 

Lake Clearwater have buried most of the moraine deposits. The one complete surviving moraine is 

outlined in white and situated between the blue meltwater arrows. The moraine deposits on the 

southern shoreline are believed to be a part of the same set of moraines whilst the others are moraine 

remnants. 
 

The final stage of recession for the Clearwater ice lobe can be seen at the upper end 

of the basin (J36/485340)53. At this location the lateral drainage that has previously 

flowed to the east toward the lower basin, is seen to reverse direction and flow west 

to the Potts River (Fig 3.23). This change is observed in a flight of glacio-fluvial 
                                                 
53 S 43o35’09”, E 171o00’00”    Geomorphic interpretation – Meltwater reversal  
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terraces and marks the end of active ice within the basin. The ground surface at this 

location is considerably lower than the outwash surface that leads into Lake 

Clearwater and is pitted with numerous kettle hole depressions. This is interpreted as 

being due to the remaining ice melting out in situ. 
 

 
Fig 3.23. At this location a change of direction in the lateral drainage can be seen in the glacio-fluvial 

terraces (outlined in black). It is at this point in time that the remaining ice became completely 

stagnant and ceased to produce any further moraine deposits. This area is characterised by small 

ponds that are linked via equally small streams. The only active stream in this area drains into the 

Potts River and is an under fit stream occupying the old glacial drainage (purple line). 
 

In summary, the geomorphic features described here present a highly detailed record 

of deglaciation for the Clearwater basin. Several new moraines have been identified 

as a result of this investigation. This study has also demonstrated that previous 

interpretations have greatly underestimated the completeness of the Lake Clearwater 

recessional sequence and that these deposits are excellent sites for further 

investigations into the stability of New Zealand’s climate throughout the period of 

deglaciation after the LGM. 
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CHAPTER 4 
 

Sedimentology of the Clearwater Basin 
 

4.1 Introduction 
 
There are numerous outcrops in the Clearwater Basin most of which are small and/or 

of limited value. Six have been selected for sedimentological interpretation. These 

outcrops were selected to ensure maximum coverage of the glacial deposits, scale of 

the outcrop and the potential to be linked into the geomorphological and 

chronological content of this thesis.  

 The six outcrops, listed in their order of presentation are; The Upper Potts 

River (J36/485375), The Lower Potts River (J36/461347), three sites in the Lake 

Emma Moraine Complex (J36/580282, J36/580281, J36/578280) and the Hakatere 

Gravel Pit (J36/599308). From these outcrops two new luminescence ages were 

obtained (the upper Potts River and the Lake Emma Moraine Complex) and are 

presented at the end of their outcrops unit descriptions.  

 

4.2 Sedimentary Logging Techniques 
The unit descriptions presented in this chapter were derived through standard 

sedimentary logging techniques based on structural, textural and compositional 

observations. The facies codes used in the production of the stratigraphic logs (Table 

4.1) have been adapted from Eyles et al. (1983).  

 Clast data was obtained by measuring the A,B and C planes of individual 

clasts and by noting the shape (roundness) of each individual clast. The a-b plane 

orientation and dip were also recorded (at one site) for elongate stones between 20 

and 250 millimetres to obtain fabric data. For each site, 50 clasts were sampled from 

an area of no more than 1 metre. These techniques are commonly employed for 

obtaining clast and fabric data (Evans and Benn, 2004). 
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Facies Codes:  

Fines (<0.063mm) Gravels (8 – 256mm) 

Fl    - Laminated silts and/or clays Gd  - Deformed gravels 

Fm  - Massive silts and/or clays Gh  - Horizontally/plane bedded gravels 

Fs    - Silts and/or clays with load structures Gm - Massive gravels 

 Go  - Openwork gravels 

Sands (0.063 – 2mm) Gp  - Small scale planar cross bedded gravels 

Sd    -  Deformed sands Gs   - Matrix supported gravels 

Sh    - Horizontal/plane bedded sands Gu   - Matrix supported unsorted gravels 

Sm   - Massive sands Gsi  - Matrix supported imbricated gravels 

Sp    - Pane cross bedded sands Guc - Upward coarsening gravels 

Sr     - Ripple cross laminated sands Gxp - Large scale planar cross bedded gravels 

Sx    - Cross bedded sands Gxt  - Large scale trough cross bedded gravels 

Suc   - Upward coarsening sands  

Suf   - Upward fining sands Boulders (>256mm) 

 Bi    - Imbricated boulders 

Granules (2mm – 8mm) Bm  - Massive boulder bed 

GRm  - Massive granules Blg  - Boulder lag 

GRo   - Openwork granules Bsl  - Single lithology boulder deposit 

GRch  - Channelled granules  

GRmb - Massive, bedded granules Diamictons 

GRuc  - Upward coarsening granules Dmm  - Massive diamicton 

 Dms   - Stratified diamicton 

(d) – Dropstones  

(i) – Intraclasts  

(p) – pebble stringers  

Table 4.1. Facies codes used in the sedimentary logging of all sites presented in this chapter, modified 

from Eyles et al. (1983). 
 

4.3 IRSL Dating Methods 
 The two luminescence samples presented in this chapter were collected in the 

field from units containing abundant silts and fine sands. Steel tubes that were 

approximately 150 to 200 millimetres in length and 65 millimetres in diameter were 

driven into the outcrop. The tubes were then sealed at the exposed end to prevent 

light exposure and sediment mixing and carefully excavated to a point that the 

buried end could be sealed with minimal light exposure. The samples were then 

tightly wrapped, labelled and sent to the dating laboratory at Victoria University, 
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Wellington, New Zealand for sample preparation, measurement and analysis 

following the preparation methods of Rieser,(2004). 

 

4.4 The Upper Potts River Outcrop 
 

The upper Potts River outcrop is located on the eastern face of a steep sided valley 

that has been cut by the S/SW flowing Potts River (J36/485375). The outcrop itself 

is the result of hillside erosion processes which have left approximately 126 metres 

of sediment exposed (Fig 4.1). Due to the extensive nature of this outcrop and it’s 

potential for spanning multiple glacial phases, the following sedimentary description 

is the most detailed of the six presented in this thesis. From this exposure a total of 

11 individual units have been identified and one new luminescence age has been 

obtained from a silt and fine sand unit at the base of the outcrop.  

 

 
Fig 4.1. The upper Potts River outcrop exposes approximately 126 vertical metres of sediment. The 

upper surface, seen leading up to the Dogs Hill Range (middle picture) makes up part of the extensive 

kame deposits that line the basin.  
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Upper Potts River Stratigraphic Log 

 

 
Fig 4.2. Stratigraphic log for the Upper Potts River Outcrop (Grid Reference J36/485375). 
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Upper Potts Clast and Fabric Data Log 
 

 
Fig 4.3. Stratigraphic Log displaying the clast and fabric data and the locations from which they were 

obtained. The location of the luminescence sample is also displayed. 
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4.4.1 Upper Potts Outcrop Unit Descriptions 
 

Unit 1  

Unit 1 is an approximately 19 metre thick, very fine to coarse, friable sand 

unit. The sands are very well sorted and range from finely laminated to bedded (up 

to 20cm) and display upward fining within individual beds. Overall the unit is 

reverse graded from very fine sand at the base to coarse sands in the upper part. 

Climbing ripples are present and ripple cross lamination can be seen within the 

thicker beds. The sands are quartz  in composition in the lower 2/3 of the unit, 

however coarse, bedded, greywacke-rich sands begin to appear intermittently in the 

upper 1/3 of the unit. 

Throughout the unit numerous sub rounded greywacke intraclasts (Fig 4.3- 

roundness data) are seen which range from granule to boulder in size (up to 70cm 

along the a-axis). At the base of the unit there is a lense of sub angular, pebble to 

boulder sized greywacke clasts (Fig 4.4). Some of these clasts are faceted striated 

and one clast was bullet shaped. Individual clasts that are scattered throughout the 

unit (Fig 4.5A) have deformed bedding underneath the clasts. Pebble stringers are 

also scattered throughout the unit. All of the intraclasts looked at within this unit are 

of very fine grained greywacke sandstones. 
 

 
Fig 4.4. Photograph of a large gravel lense found at the base of unit 1. Clasts found within this lense 

displayed classic signs of their glacial origin by way of striated surfaces and faceting. 
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At the base of the exposed outcrop finely laminated sands are folded with 

hinge strike measurements of 326o, 326o, and 333o indicating a SW/NE orientation 

for the folding (Fig 4.5B). At a height of approximately 5m above the base of the 

outcrop normal faulting can be seen in centimetre scale bedded sands. These faults 

are of decimetre scale and only propagate through 5 to 10 beds (Fig 4.5C). Above 

this at a height of approximately 10 to 13 metres above the base the bedding 

becomes extensively contorted. Here there are numerous small scale folds (Fig 

4.5D) and flame structures. Boulders, up to 70 centimetres (a-axis) in size are also 

present in this section. 
 

A

C

B

25cmD
 

Fig 4.5A, B, C, D. Photograph A shows some of the smaller dispersed intraclasts that are found 

throughout the unit. Photo B displays one of the small fold hinges at the unit’s base. One of the small 

fault structures is highlighted in photo C offsetting a bed of medium grained sand. Photo D shows 

some of the deformation that occurs in the upper part of this unit.  
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Unit 2 

Unit 2 is approximately 6 metres thick and consists of a matrix supported 

diamicton. The unit is largely massive but does have a crudely stratified overall 

appearance and sandy lenses are observed in the upper 2 metres of the unit. The 

matrix is made up of medium to coarse quartz sands, similar to those of the 

underlying unit and the intraclasts are angular to sub angular greywacke sandstones 

with some showing striations. The unit is poorly sorted, friable and cream in colour. 

Toward the top of this unit the matrix sands become very fine and grade into the 

overlying unit 3 over the space of 1 metre. 
 

Fig 4.6. The angular nature of 

unit 2 can be clearly seen in the 

cluster of poorly sorted clasts at 

the centre of the photograph. 

 

 

 

 

 

 

 

 

Unit 3  

 Unit 3 is approximately 5 metres thick and consists of millimetre scale 

laminated clays with a minor silt component. The unit is very well sorted and is 

moderately indurated. The top 2 to 3 metres of this unit displays millimetre scale 

laminae within decimetre scale beds and throughout these beds centimetre scale 

flame structures and soft sediment deformation is observed. 

  The unit changes colour from white (lower unit) to tan. This colour change 

coincides with an increase in water content and may be the result of leaching from 

the overlying units (4 and 5). Unit 3 is more indurated in the upper section. The 

basal contact with the diamicton of unit 2 appears to be gradational. 
 

1 Metre
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Fig 4.7 A and B. Photo A shows the centimetre scale flame structures and soft sediment deformation 

that are found within unit 3. Photo B shows the contact between unit 2 and the clay unit.  

 

Unit 4 

 Unit 4 is approximately 1 metre thick and consists of a coarse sand grading 

upward into a sandy granule gravel. The unit is clast supported in its upper part, 

friable, well sorted and bedded. Bedding ranges from millimetre to centimetre scale 

and is planar with ripple cross lamination in the lower sand beds. 

 The granule gravels have both a sandy matrix as well as pockets of openwork 

structure. The basal contact is sharp and there appears to be no scouring or pitting of 

the lower clay unit or any mixing of the two units on either side of the contact (Fig 

4.8).   
 

 
Fig 4.8. Here the contact between Units 3 and 4 is clearly defined as a sharp contact that shows no 

evidence of scouring in the lower clay unit (unit3). Unit 4 is also visible although the bedding 

structure cannot be seen in this photograph. 
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Unit 5 

 Unit 5 is approximately 60 metres thick and is comprised of a clast 

supported, sub angular to rounded, pebble to boulder gravel. The unit is stratified 

and is reverse graded from pebbles at the base to boulders (a-axis 50cm), toward the 

top of the unit (Fig 4.9). There is a muddy matrix within sections of this unit.  

 
 Fig 4.9. this photo shows the relationship 

between the gravels of unit 5 and the underlying 

units (marked by white lines). The stratification 

that exists throughout the unit is also visible 

along the grading. 

 

The gravels are moderate to poorly 

indurated and are poorly sorted. There 

are lenses of openwork gravels, granules 

and coarse sands throughout the unit. At 

a height of approximately 40 metres 

above the base of the unit, larger 

boulders (a-axis c.1m) become more 

prominent and the matrix increases to a 

coarse sand. Lithologies near the base of the unit are 92% quartzo-feldspathic 

greywacke sandstone (n 50) with 6% phyllites and 2% conglomerate. The unit is 

orange to orange/brown in colour. 

  

Unit 6  

 Unit 6 is approximately 20 metres thick and consists of both clast and matrix 

supported, sub rounded to rounded cobble gravels. The matrix is a medium to coarse 

sand and the unit is clearly bedded. The beds display metre scale, cross bedded dune 

structure and are both orange/brown and grey coloured giving them a mottled 

appearance (Fig 4.10). The top 1 to 2 metres of the unit displays shear-like structures 

whilst the basal contact with unit 5 is gradational.  
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Fig 4.10. View looking up at the cross bedded, coarse dune sands of unit 6.  

 

Unit 7 

 Unit 7 is approximately 4 metres thick and is comprised of very large (a-axis 

up to 2 metres) angular to rounded boulders supported by a matrix of coarse gravel, 

granules and very coarse sands. Toward the top of the unit the matrix becomes finer 

as a silty clay begins to dominate. The unit is massive, poorly sorted and the 

boulders are quartzo-feldspathic greywacke sandstones. The lower contact is sharp 

and there is a distinct change in colouration between these two units. The grey, fresh 

appearance of unit 7 is in direct contrast to the orange, brown appearance of unit 6.  
 

 
Fig 4.11. The large, 2 metre (a-axis) sized, angular boulders of unit 7 can be seen here. The unit is a 

poorly sorted gravel. 

 

 

 

 

Unit 6 

Unit 7 
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Unit 8 

 Unit 8 is approximately 2 metres thick and consists of a sub millimetre to 

millimetre laminated silty clay. The unit is very well sorted and is moderately 

indurated. Granule to pebble lenses are common throughout the unit, as are 

individual pebble intraclasts that display soft sediment deformation beneath them. 

Clasts are quartzo-feldspathic greywacke sandstones. 

 

Unit 9 

 Unit 9 is approximately 4 metres thick and predominantly consists of sub 

angular to sub rounded cobbles in a matrix of fine sand and silt. The unit is poorly 

sorted and moderately stratified. The clasts are predominantly cobble to boulder (up 

to 1 metre) in size and are mostly quartzo-feldspathic greywacke sandstones. The 

matrix is a combination of both quartz rich and greywacke sands that give the unit a 

cream to grey appearance. There are two distinct lineated cracks or fractures found 

within the upper 2 metres of this unit. They vary in thickness from 20cm to 80cm 

and are visible across most of the exposures width (Fig 4.12 A,B). The lower of 

these is relatively flat lying whilst the uppermost fracture dips downward and at one 

point (Fig 4.12A) comes in contact with the lower one. 
 

 
Fig 4.12 A and B. The arrows in photo A indicate the lower of the fracture bands that are found 

within this unit. The second fracture is present however it was not clearly evident in this photograph 

and its location has been added. Photo B is a close up view of the fracture itself showing its lineated 

structure. 
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Unit 10 

 Unit 10 is a 2 metre thick clast supported gravel with a sandy matrix. The 

clasts within the unit are sub angular to rounded and range in size from coarse sand 

and granules to 1.5 metre (a-axis) boulders. The larger boulders in this deposit form 

a boulder lag across the top of the unit. The unit is stratified, poorly sorted, poorly 

indurated with a fresh grey colour. Millimetre scale climbing ripples and ripple cross 

laminations can be seen in centimetre scale beds.  
 

 
Fig 4.13. Photograph showing Unit 10 (centre), Note that the boulder material from the left of the 

photograph to the centre has slumped and should sit at the top of the unit as a boulder lag such as that 

in the right centre of the photo. 

 

Unit 11 

 Unit 11 ranges between 1 and 3 metres in thickness and consists of a bedded 

silt and fine sand. The unit is very well sorted and poorly to moderately indurated. 

The unit grades from fine sand with a minor granule content at the base to a fine 
 

 

 

 

 

Fig 4.14.  This photograph shows a section through 

unit 11. The colour changes that can be seen in the 

unit denote the changes between grain sizes. 

 

 

Unit 10 
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sand and silty loess deposit in the upper 0.5 metres. This is overlain by a soil horizon 

that also varies in thickness. The entire unit has been bioturbated by burrowing 

animals and root systems. 

 

Luminescence Results 
 The OSL results from the unit 1 sample (Fig 4.3) show a multiple aliquot 

range (MA) of 223.7 ± 21.0ka and a single aliquot range (SAR) of 152.9 ± 16.6ka 

for these sediments. It was reported (by the lab) that the multiple aliquot age may be 

an upper limit and that the SAR may be a minimum age, therefore an estimated age 

for these sediments should lie between 170 and 200ka.This means that these 

sediments were most likely deposited in early OIS 6 (c.180ka). Locally this places 

the sediments in the Dogs Hill Glaciation of Mabin (1980) and regionally in the 

Waimea Glaciation.  

 

4.4.2 Upper Potts Outcrop Unit Interpretation 
 

The sediments of unit 1 are interpreted to have been deposited in a sub aqueous 

environment due to their uniformity and their small grain size. This is further 

enforced by the presence of the numerous intraclasts that are interpreted s being 

dropstones based on the bedding deformation beneath them. The presence of striae 

and faceting within the dropstone population supports this interpretation. This is 

therefore interpreted as being a pro-glacial lake setting. The approach of an ice front 

could also account for the folding of the sediments at the base of this unit. The strike 

of the fold axis that were measured (333o, 326o, 326o) shows that the trend from 

which the folding occurred was a SW - NE trend. The direction in which the 

sediments are folded is toward the North East and therefore the sediments were 

folded from a force originating from a South West direction. This is in direct line 

with a large body of ice emerging from the Rangitata Valley system. Once the ice 

became proximal to the unit the upper sediments were deformed as the angular 

diamict of unit 2 was deposited. The luminescence results indicate that this phase of 
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glaciation occurred at approximately 180ka and these sediments are correlated to the 

Dogs Hill advance of Mabin (1980). 
The exact location of the ice in relation to the deposition of the diamict is 

unclear at this point as there is no visible evidence of ice loading within the unit 

itself. However the presence of striated clasts within the unit, indicate a sub glacial 

source for the diamict. The angular nature of the clasts indicate that they have not 

have travelled far from source and given the outcrops location within the valley 

system this is most likely to have been at the outer edge of the ice body. This would 

also explain the relatively thin nature of the diamict.  

The overlying clays of unit 3 appear to grade out of the diamict to form 

finely laminated beds. Given the fact that unit 3 has no visible hydraulic fracturing 

or micro faulting in the lower part of the unit, it is thought unlikely to have been 

deposited directly from the base of the ice body. The lack of debris within the unit 

appears to support this notion. This would most likely be a lateral lake deposit in 

which the coarser material was deposited along the fringes and the point at which we 

see the outcrop was central to the deepest point, allowing the fines to settle out in the 

uniform manner in which we see them. It is therefore suggested that the main ice 

body has receded at this point in time. 

 The sharp contact with the overlying unit 4 implies that a sustained period of 

erosion took place at this point. The dewatering structures found within the upper 

clay beds of unit 3 suggest that loading of the waterlogged clays had occurred at or 

around the time of deposition. Units 4 and 5 are interpreted as marking the onset of 

the Otira glacial sequence.   

The bedding structures that are seen in unit 6 suggest that another change in 

sedimentation to a higher energy, fluvial setting had occurred at this time. This is 

most likely to be associated with meltwater. This higher energy environment 

produced the large ripples and ripple cross laminations seen in outcrop. The sharp 

contact between units 6 and 7 and the shear structures in the upper part of unit 6 is 

indicative of ice over running the unit, whilst the angular and blocky nature unit 7 

imply a supraglacial origin and is interpreted as marking an ice recession. Therefore 
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units 6 and 7 are interpreted as an advancing (unit 6) and receding (unit 7) glacial 

sequence.  

Unit 8 is a fine clay deposit with numerous gravel components and is 

interpreted as being deposited in a fluvial environment. This is indicated by the 

abundance of gravel lenses and individual intraclasts found in the unit. This unit is 

overlain by unit 9, a diamict that represents the immediate presence of ice at this 

location. This is based on the two distinct bands of shear with hydrofractures that 

form the glacitectonite within the mid to upper sections of the unit. They indicate   

that this diamict was ice over run during the unit’s deposition and that the most 

likely candidate for this input is the ice from the Potts system and not the Rangitata.  

The top of unit 9 appears as a fluvial gravel (unit 10) that is capped with a 

boulder lag deposit. This lag is especially prominent in one part of the outcrop where 

the overlying ‘modern’ geomorphology indicates the presence of a large, lateral 

meltwater channel. This channel would have been the main conduit through which 

the water from the Potts system flowed at that time as the lower Potts system was 

still blocked with ice.  

In summary the upper Potts River outcrop shows a minimum of three glacial 

events spanning a period of c.180ka. These events are represented by repeated cycles 

of sedimentation in which advancing and receding phases have been identified. 
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4.5 Lower Potts River Outcrop 
 

The steep sided, eastern banks of the lower Potts River expose the basal outcrops in 

the Clearwater Basin. The following section describes the best exposed outcrop that 

is located at a junction in which the Potts River is met by the only large meltwater 

channel that runs westward, out of the Clearwater Basin. The face is approximately 

50 metres high, of which half is covered by a vegetated debris apron leaving a total 

of 26 metres exposed (Fig 4.14).  

 

 
Fig 4.14. The lower Potts River outcrop (J36/461347). The river flows from the left to the right of the 

picture and a meltwater channel is visible on the right side of the photo. 
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Lower Potts River Stratigraphic Log 

 
Fig 4.15. Stratigraphic log for the lower Potts River outcrop (Grid reference J36/461347). 
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4.5.1 Lower Potts River Outcrop Unit Descriptions 
 

Unit 1 

 Unit 1 is approximately 12 metres in height and is a weakly to moderately 

stratified diamict. The matrix consists of silt to fine sands in which discontinuous 

bedding structure and coarse sand lenses give the unit a weak overall stratification. 

Individual clasts of the unit are sub rounded greywacke sandstones that are 

predominantly cobble to small boulder in size. Large boulders (a-axis = 1 metre) are 

present and are scattered throughout the unit.  
 

 
Fig 4.16 A,B,C and D.  Photo A is an overall view of the outcrop in which the localities of photo’s B, 

C and D are highlighted. Photo B shows a 1.8m high section of a deformed sand lense that has been 

rotated (anticlockwise), faulted and stacked to form its present shape. Photo’s C and D show a 

cleaned section of lineated fracture that is located at the base of unit 1. The yellow note book in photo 

C is 19 centimetres long and the ruler in photo D is 15 centimetres long. 
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At the base of the unit the matrix displays extensive fracturing that extends 10 

metres laterally and up to 2 metres vertically (Fig 4.16C, D). Deformed sand and 

gravel lenses are also present at the base of the unit (Fig 4.16B), whilst undeformed, 

horizontally bedded, gravel lenses are present at an approximate height of 10 metres. 

Unit 1 is poorly sorted, friable and cream to grey in colour. 

 

Unit 2 

 Unit 2 is approximately 4 metres thick. The matrix consists of 

horizontal/plane-bedded silt to coarse greywacke and quartz sands that display a 

contorted/fluidised style of deformation in the top 2 metres (Fig 4.17). Overall the 

matrix is cream to grey in colour, moderately sorted and poorly indurated. The clasts 

within the unit are poorly sorted, greywacke sandstones That range in size from 

granule to cobble and are sub angular to angular in shape. One large boulder (1.5 x 1 

x 0.8m) was observed on the debris apron directly below this unit and the hole from 

which it came was clearly visible in the unit.  

 
Fig 4.17. Photo A is a view looking across the face of unit 2 showing the contorted nature of the unit. 

Here the clasts are more angular in shape than the clasts of the lower section.  
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Unit 3 

 Unit 3 is approximately 4 metres thick and consists of laminated silt to 

medium sands. The sands are bedded, up to 15cm thick and the beds show lateral 

continuity across the entire exposure. The unit is very well sorted, friable and 

moderate to poorly indurated. The sand is predominantly quartz and greywackes, 

which give the unit a grey to cream colour. Sub rounded greywacke and clay 

intraclasts are scattered throughout the unit. 

 Deformation structures are observed within the bedding. They are decimetre scale, 

normal faults that displace 

individual beds by several 

centimetres (see Fig 4.18). 

The sands and silts found 

beneath intraclasts are 

compressed at the base of the 

clast and drape over and 

around the upper part of the 

clast. The lower contact with 

unit 1 is appears gradational, 

however the sharp contrast in 

both the angularity and 

number of intraclasts 

suggests otherwise. 

 

  
Fig 4.18. A 46cm long section of 

unit 3. note the frequent decimetre 

scale faulting within the sand and 

silt laminations. Clay rip ups and 

greywacke intraclasts are visible at 

the base. 
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Unit 4 

 Unit 4 is approximately 6 metres thick and consists of fine to medium, 

horizontally bedded sands. Individual beds range in thickness from 5 to 15cm. They 

are friable, well sorted and poorly indurated. The dominant lithology of the sand is 

quartz with a minor greywacke component (Q = 80%, G = 20%). The entire 

exposure is tilted in a down slope direction and the lower contact with unit 3 is 

obscured by debris and vegetation. 

 

4.5.2 Lower Potts River Outcrop Unit Interpretation 
 

Unit 1 is interpreted as being a mixture of mass flows and fluvio-lacustrine beds that 

have been deposited from the base of an ice mass into a proglacial lake setting. The 

extensive hydrofractures (Fig 4.16A, B) within the unit are consistent with mass 

flow loading as is the deformation seen within the sand lense (Fig 4.16C).  

 Unit 2 differs from unit 1 in that the clasts are more angular in appearance 

and that the bedding structure of the matrix is better defined. The unit is interpreted 

as being supraglacially transported debris that has been delivered with little 

modification to the bedding structure. The change in clast angularity of unit 2 also 

suggests that the clasts have not been subjected to sub glacial processes and 

therefore supports a supraglacial interpretation.  

 With the clearly defined bedding structures and the rarity of clasts, unit 3 is 

interpreted as having been deposited in a sub aqueous environment. This is thought 

to most likely be a proglacial lake or pond due to the presence of dropstones. Unit 4 

is also comprised of finely bedded sands, however these beds are tilted in a down 

slope direction. They are similar in composition to those of unit 3 and are interpreted 

as having been deposited in the same depositional setting as unit 3.  
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 4.6 The Lake Emma Moraine Complex 
 

A series of outcrops that lie on the eastern shoreline of Lake Emma (J36/580282, 

J36/580281, J36/578280) expose the internal structure of the Lake Emma Moraine 

Complex. There are 5 separate outcrops in total that stretch over 300 metres of the 

lakes shoreline. These outcrops are relatively similar and three have been selected 

for description and interpretation. The geomorphology of the area suggests that the 

sediments are sub glacial/ice frontal deposits and are post-LGM in age. They form 

part of a recessional system that is associated with the Spider Lakes moraines of 

Mabin (1980). 
 

 
Fig 4.19. Location of outcrops in the Lake Emma Moraine Complex on the eastern shoreline of Lake 

Emma (Grid references J36/580282, J36/580281, J36/578280). 
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Lake Emma Moraine Complex Stratigraphic Logs 

 
Fig 4.20. Stratigraphic logs from the three outcrops that line the eastern shoreline of Lake Emma (Grid reference J36/580282, J36/580281, J36/578280 

respectively).
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4.6.1 Lake Emma Moraine Complex Unit Descriptions 

Outcrop 1 
Unit 1-1 

 The visible thickness of unit 1-1 is approximately 0.2 metres and consists of 

a matrix supported diamict. The matrix is a massive, very fine to medium sand that 

is heavily weathered. The clasts are sub angular to sub rounded and range from 

pebble to boulder in size. They make up approximately 30% of the unit. Chatter 

marks are present on many of the boulders along with striations and faceting. One 

large boulder sized clast displayed Stoss-Lee asymmetry. Overall the unit is poorly 

sorted and moderately indurated. 

 

Unit 2-1 

Unit 2-1 is approximately 0.4 metres thick and consists of fine to coarse, centimetre 

scale, cross bedded sands. They are predominantly quartz rich with some 

greywacke sand and have an orange, oxidised appearance. Bands of millimetre 

scale laminated silts are also found within the unit along with pebble stringers and 

intraclasts. Individual clasts range from pebble to cobble in size and are faceted. 

The unit is well sorted, friable and moderately indurated. Compressed sand beds 

can be seen beneath the clasts whilst the overlying beds drape over the top. The 

contact between this unit and the diamict of unit 1 appears to be gradational. 

 

Unit 3-1 

 Unit 3-1 is approximately a 1 metre thick, very fine to medium, friable sand 

unit. The sands are very well sorted and range from finely laminated to bedded (up 

to 4cm) and display upward fining within individual beds. Overall the unit is 

reverse graded from very fine sand at the base to medium sands in the mid to upper 

section, however the top 20cm of the unit reverts back into finely laminated sand. 

Climbing ripples are present and ripple cross lamination can be seen within the 

thicker beds. They are cream coloured quartz sands with several distinct bands of 

orange staining that are laterally continuous across the entire outcrop (Fig 4.21B). 

Intraclasts vary from pebble to boulder (a-axis = 20cm) in size and are scattered 
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throughout the unit. Bed deformation is clearly visible beneath the intraclasts in the 

form of compression and the beds drape the top of the clast (Fig 4.21C). The pebble 

stringers that occur throughout the unit grade laterally into gravel lenses Fig 4.21A. 

These lenses contain both openwork gravels and small scale planar cross bedded 

gravels. The lower contact with unit 2-1 is gradational. 
 

 
Fig 4.21A, B and C. Photo A shows outcrop 1 in the Lake Emma Moraine complex. Excavation of 

the debris apron to expose units 1-1 and 2-1 took place after this photo was taken. The gravel lenses 

seen to the right of the photo are a progradation of the pebble stringers that are found within the unit. 

Photo B shows the orange banding (circled) that is found in unit 3. Photo C demonstrates the style of 

bed deformation that occurs around the intraclasts that are found in unit 3-1. This is a cobble sized 

clast.   

 
Unit 4-1 
  Unit 4-1 is approximately 0.3 metres thick and consists of a massive, silt 

and fine sand. The unit is very well sorted and poorly to moderately indurated. The 

unit grades from fine sand with a minor granule and pebble content at the base to a 

fine sand and silty loess deposit in the upper 0.2 metres. This is overlain by a soil 

horizon that is variable in thickness. The entire unit has been bioturbated by way of 

burrowing animals and root systems. 
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Outcrop 2 
Unit 1-2 

 Unit 1-2 is approximately 1 metre thick and consists of large scale trough 

cross and planar bedded gravels with interbedded, cross bedded sands. The gravels 

range from granule to boulder (a-axis = 20cm) in size. Clasts are sub rounded to 

well rounded and are comprised of greywacke sandstones. Whilst no grading was 

observed within the gravels there are distinct bands of uniform sized clasts 

throughout the unit (Fig 4.22B) and pockets of openwork structure.  

 
Fig 4.22A and B. Photo A shows a cross bedded sand lense in the gravels of unit 1-2. Both quartz 

and greywacke sands are present in this lense. Photo B emphasises the range of clast sizes seen unit 

5 along with some planar beds of granule to pebble sized clasts. The hammer is c.40 centimetres in 

length.  

 

The interbedded sands are predominantly fine to medium quartz sand although 

some greywacke sands are present (Fig 4.22A). Unit 1-2 is moderately to poorly 

sorted, moderately indurated and there is no visible basal contact. 

 

Unit 2-2 

 Unit 2-2 is approximately 0.6 metres thick and consists of cross bedded and 

ripple cross laminated, fine sands (Fig 4.23A,B). The unit is predominantly quartz 

sand, however there are greywacke sands intermittently throughout the unit. The 

unit is very well sorted, friable and poorly indurated. Approximately 1 metre of this 

unit is obscured by vegetation, however it appears again just below unit 3-2. The 
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lower contact is unconformable as the sands truncate the underlying gravel beds 

(Fig 4.23A).  
 

 
Fig 4.23A and B. Photo A shows the sands of unit 2-2 cutting across the upper section of the unit 1-2 

gravels. Photo B is an enlargement of the cross bedded and ripple cross laminated sands of unit 2-2. 

 

   Unit 3-2 

 Unit 3-2 is approximately 0.8 metres thick and consists of finely laminated 

silts, horizontally bedded fine sands and granules. The sands are monolithic quartz 

sand and like the silts, are white to off white in colour. The granules are set in 2 to 3 

centimetre thick beds of massive silt (Fig 4.24B). The unit is tilted in a downslope 

direction, which is in sync with the geomorphology and not the result of slope 

failure. 

 
Fig 4.24A and B. Photo A shows the outcrop of unit 3-2 and the angle at which it is tilted. Photo B is 

an enlarged section of the outcrop which shows a granule bed along with horizontally bedded sands 

and silts. 
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The unit is very well sorted, friable and poorly indurated. The lower contact with 

unit 2-2 is gradational. Due to the thickness of the unit and clear evidence of water 

transport it was selected as a site for obtaining a luminescence age (Fig 4.24A). 

  

Unit 4-2 

 Unit 4-2 is approximately 0.4 metres thick and consists of a massive, silt and 

fine sand. The unit is very well sorted and poorly to moderately indurated. The unit 

grades from fine sand with a minor pebble content at the base to a silty loess deposit 

in the upper 0.2 metres. This is overlain by a soil horizon of variable thickness. The 

entire unit has been bioturbated by burrowing animals and root systems. 

 

Outcrop 3 
Unit 1-3 

 Unit 1-3 is approximately 2.0 metres thick and consists of cross bedded and 

ripple cross laminated, fine quartz sands (Fig 4.25A,B). The unit is very well sorted, 

friable and poorly indurated. Large climbing ripples are abundant features of the 

unit while intraclasts and pebble stringers are scattered throughout (Fig 4.25A, B).  
 

 
Fig 4.25 A and B. Photo A shows an excellent example of one of the many climbing ripples that are 

seen in unit 1-3. The angle of climb is highlighted by the white line. Photo B shows some of the 

intraclasts and their associated bed deformation (white lines). 
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In the upper 0.6 metres of unit 1-3 gravels are seen to extrude into and deform the 

sands (Fig 4.26A,B). This deformation appears to be fluid in nature and in one 

location the gravels form a circular pattern (Fig 4.26B). 
 

 
Fig 4.26A and B. In photo A, gravels have been extruded into the sands forming a tapering, drawn 

out lense. Photo B shows a circular pattern that was observed in the gravels. 

 

Unit 2-3 

 Unit 2-3 is approximately 0.6 metres thick and consists of a massive, silt and 

fine sand. The unit is very well sorted and poorly to moderately indurated. The unit 

grades from fine sand with cobble intraclasts to a silty loess deposit in the upper 0.4 

metres. This upper 0.4 metres is integrated with the soil horizon. Fragments of 

charcoal were also found throughout this unit. The entire unit has been bioturbated 

by burrowing animals and root systems. 

 

Luminescence Results 
 The IRSL sample from unit 3-2 (Fig 4.24A) yielded a multiple aliquot range 

(MA) of  61.5 ± 2.6ka and a single aliquot range (SAR) of 49.5 ± 2.2ka for these 

sediments. This means that these sediments were most likely deposited in OIS 4 

(possibly OIS3) which places the sediments in the early to mid Otira Glaciation. 

This is not consistent with the geomorphic context of the samples or the SED 

chronology (see chapter 5). The fact that the SAR and MA ages do not overlap by a 

substantial amount suggests that the sample may be problematic. The most likely 
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cause for this discrepancy is an incomplete zeroing of the sediments, which would 

make the sample appear older than it really is. 

  

4.6.2 The Lake Emma Moraine Complex Unit Interpretation 
 

The stratified and bullet shaped clasts of unit 1-1 suggest that direct contact with 

basal ice has occurred. This unit is overlain by the cross bedded, ripple cross 

laminated fine silts and sands of unit 2-1. This unit contains pebble stringers and 

intraclasts that are believed to be ice rafted dropstones. This is supported by the bed 

deformation that is seen beneath the clasts. The cross bedding and ripples imply that 

the water was continually moving at this point and may have been deposited in a 

pond or river. Unit 2-1 grades into unit 3-1 which is a fluvial environment. Here the 

sands become coarser and pebble stringers grade laterally into 15 centimetre thick 

beds of both matrix supported and openwork gravels. Cobble to small boulder sized 

clasts also become prominent features of this unit, interpreted here as a proglacial 

outwash fan. The uppermost unit of outcrop 1 is a silty loess deposit that is 

interpreted as being a weathered, bioturbated, paleosol horizon that is not part of the 

glacial sequence. 

 Outcrop 2 begins with the large scale planar and trough cross bedded 

gravels of unit 1-2. The unit is also interbedded with plane cross bedded, similar to 

those of unit 3-1 (outcrop1). Unit 1-2 is therefore interpreted as being the same 

gravels as seen in unit 3-1 (fence diagram Fig 4.27). Unit 1-2 is truncated by the 

cross bedded sands of unit 2-2. This unit is relatively devoid of clasts and implies 

that the main channel has avulsed. Unit 2-2 grades vertically into unit 3-2, a 

laminated fine sand and silt deposit. Two very distinctive granule beds are also 

observed in this unit. The granules are poorly sorted and sit within a matrix of 

massive silts. Unit 3-2 is overlain by a silty loess deposit similar to that of unit 4-1 

(outcrop 1). This is also interpreted as being a paleosol horizon. 

Outcrop 3 begins with unit 1-3, a 2 metre thick unit of cross bedded and ripple cross 

laminated sands. Dropstones and pebble stringers are scattered throughout the unit 

and the top 0.5 metres contains deformed gravels. These sagging gravels have been 



 

- 94 - - 94 -

deposited into soft waterlogged sands. The preferred interpretation for these gravels 

is that they have been ice rafted and have been incorporated into the sands when 

they melted out. This unit is deemed to be the lateral equivalent of unit 2-2, outcrop 

2 (fence diagram Fig 4.27) which is further evidence that the ice was proximal 

when these sediments were deposited. Unit 1-3 is unconformably overlain by unit 

2-3, a silty loess, soil horizon deposit that is the equivalent of units 4-1 and 4-2.  

 The overall interpretation of these outcrops54 is that they were deposited as a 

continuous sequence at approximately 61.5 ± 2.6ka and that they represent a glacial 

sequence that is far older than the LGM sequence that was suggested by the 

geomorphology. Whilst the geomorphological features of the Lake Emma Moraine 

Complex are still believed to be LGM in age, the sediments themselves have been 

excavated by LGM ice processes. This implies that at this location the ice has 

retreated at such a rate that any potential sediments that were available for 

deposition were either removed by an increased water outflow or they were 

deposited in an over deepened valley floor (Lake Emma) and never filled the valley 

in time to bury these outcrops. The latter is the preferred interpretation. 

 

 

 

 

 

 

 

 

                                                 
54 This interpretation is based on the assumption that the luminescence age of 61.5 ± 2.6ka is correct. 
If the sample is in fact substantially younger, then the sediments will likely be post LGM in age and 
correlate to the Spider Lakes deposits of the LGM recessional sequence. 
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Lake Emma Moraine Complex Fence Diagram 

 
Fig 4.27. Fence diagram showing the inferred relationships between the sedimentological units.
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4.7 The Hakatere Gravel Pit Outcrop 
 

 The Hakatere gravel pit is located in the flanks of a Spider Lakes 2 moraine 

(J36/599308). Historically the site has been used, and is still in use, as a source of 

gravel for roading purposes and as a result the outcrops face is occasionally 

modified. 

  The outcrop itself is approximately 16 metres long x 13 metres high and is 

comprised of stratified fluvio-glacial gravels. The geomorphology of this and the 

surrounding area suggest that these sediments were deposited during the LGM 

retreat from an ice frontal position and may have a supra glacial origin. One of the 

key features of this outcrop lies in the fact that it provides a glimpse into the internal 

workings of an LGM moraine.  
 

 
Fig 4.28. In this photo the main face of the Hakatere gravel pit exposure can be seen. This face is 

currently the active main site from which gravels are extracted for roading purposes. 
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Hakatere Gravel Pit Stratigraphic Log 

 
Fig 4.29. Stratigraphic log for the Hakatere Gravel Pit outcrop (Grid reference J36/599308). 
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4.7.1 Hakatere Gravel Pit Unit Descriptions 
 

Unit 1 

 Unit 1 is approximately 3 metres thick and consists of a matrix and clast 

supported, stratified, greywacke gravel. The dominant clast size varies from granule 

to cobble whilst the matrix is coarse greywacke sand. The unit is planar bedded and 

reverse graded. The beds form an arcuate or convex shape with the apex being in the 

centre of the outcrop. Within the unit there are granule and pebble lenses of 

openwork structure up to 20 centimetres thick (Fig 4.30A). Clasts are sub rounded to 

well rounded in shape and many are faceted. The unit is moderate to well sorted, 

poorly indurated and is grey in colour.  The lower contact is obscured for this unit. 
  

    
Fig 4.30. Photo A shows some of the openwork structure found in the gravels of unit 1. Photo B 

displays a section of planar bedded coarse sands and granules that are a feature of this unit (the hat is 

approximately 25 centimetres in length). 

 

 

Unit 2 

 Unit 2 is approximately 5 metres thick and consists of rhythmically stratified, 

matrix and clast supported gravels (Fig 4.31A, B). The matrix of this unit is 

predominantly granule in size whilst the gravel clasts are pebble to cobble. The unit 

is reverse graded and the bed thickness is decimetre scale. The clasts in the unit are 
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sub rounded to well rounded and faceting is prominent. The unit is moderately 

sorted and is grey in colour. The planar bedding of this unit drapes the convex form 

of unit 1 before becoming horizontal near the top of the unit. The lower contact with 

unit 1 is sharp. 
 

 
Fig 4.31. Photo’s A and B show the degree to which this unit is stratified. Here the matrix has 

changed from being predominantly coarse sand into granules with coarse sand lenses. 

 

  

Unit 3 

 Unit 3 is approximately 5 metres thick and consists of stratified, matrix and 

clast supported gravels. The matrix in this unit is a coarse sand with cobble to 

boulder sized clasts. The clasts are mainly sub angular to well rounded (Fig 4.32). 

The unit is moderately to poorly sorted and is grey in colour. The basal contact is 

gradational and occurs over an interval of 10 to 15 centimetres. 
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Fig 4.32. This photo displays the coarse clast size of unit 3.  

 

Unit 4 

 Unit 4 is approximately 0.3 metres thick and is made up of well sorted, 

moderately indurated fine sands and silts. The unit is massive and is modified by soil 

formation. The unit is extensively bioturbated and ranges in colour from dark brown 

to orange.  

 

4.7.2 Hakatere Gravel Pit Unit Interpretation 
 

The clast size and bedding of unit 1 suggests that these sediments were deposited in 

a medium to low energy, fluvial environment. The lenses or pockets of openwork 

structure of pebbles and granules imply higher energy flood events. The preferred 

depositional model for this unit is part of an outwash sheet/fan that represents ice 

overrun proglacial drainage. 

 The lower contact of Unit 2 is an unconformity that drapes over the convex 

shape of unit 1. An increase in the dominant matrix clast size (coarse sand to 

granule) and the additional increase of cobble sized clasts demonstrate that this unit 

was deposited in a zone of medium to high flow rates. The dip direction of the beds 

indicate that the sediment was sourced from a Northwest direction and are most 
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likely to be fronto-lateral stream deposits sourced from a position in the vicinity of 

Mt Guy (Fig 4.33).  

 
Fig 4.33. This image indicates the focussing of pro glacial drainage (blue arrows) towards the 

Hakatere gravel pit site (indicated by the red dot) during the Spider Lakes phase. 
 

The lower contact between units 3 and 2 appears as a rapid gradational change in the 

overall clast size of the matrix. The unit also displays an increase of boulder sized 

clasts as well as the addition of more angular clasts. Despite these differences unit 3 

is interpreted as being of the same depositional environment as unit 2 and is 

considered to represent a minor change in stream evolution. Unit 4 is interpreted as 

post glacial loess with soil formation.  

 

4.8 Sedimentology Summary 
 The sedimentological descriptions and interpretations presented in this 

chapter have demonstrated that the glacial sediments of the Clearwater basin are not 

a straight forward LGM glacial/recessional sequence as represented by the 

geomorphology. Instead, they present a stratigraphic record that spans >180ka and in 

which multiple glacial incursions have been recorded. Two new luminescence ages, 

one from the upper Potts River outcrop (c.180ka) and one from the Lake Emma 
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Moraine Complex (61.5 ± 2.6ka), provide absolute age control for two of these 

glacial episodes.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 - 103 -

CHAPTER 5 
 

Surface Exposure Dating (SED) of the Clearwater Basin Glacial 

Deposits 
 

5.1. Introduction 
 One of the main problems for glacial research in New Zealand valley 

systems has been the lack of adequate and/or reliable dating of the glacial deposits. 

For the Clearwater lobe of the Rangitata Glacier the chronology has been derived 

through the combination of both local and regional radiocarbon dates and the 

geomorphological context of the deposits themselves. Whilst this has provided a 

template from which conclusions have been drawn it does not provide direct age 

control for the deposits. In order to combat this problem the use of Surface Exposure 

Dating (SED) aka cosmogenic dating has been used to directly date the moraines of 

the Clearwater basin.  

 Simply put, SED measures the amount of the cosmogenic radionuclide 
10Beryllium (10Be) that has been produced within a rock. It is based on the 

assumption that fresh rock exposed at the surface contains no cosmogenic isotopes 

and that these accumulate through time based on a production rate that can be 

calculated (Gosse and Phillips, 2001). This chapter will present a new series of 

cosmogenic ages that shed light on the chronological questions surrounding the 

deglaciation of the Clearwater lobe.  

 

5.2. Sample Collection 
 Sampling in the Clearwater basin took place in the field seasons of 

2005/2006 and targeted the moraine sequences of Mabin’s Hakatere and Spider 

Lakes advances (Mabin,1980) as well as the Clearwater sequence described in 

chapter three. Other outlying sites that were sampled (Fig 5.1) were the Paddle 

Creek Moraines which are directly related to the ice of the Clearwater lobe, the 

Whiterock Moraines which are related to the main Rangitata ice in the Rangitata 
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Gorge area, and the Lake Emily Moraines of the Lake Heron (Rakaia Ice) sequence, 

as they provide an equivalent age for the Trinity advance of Mabin (1980). It should 

be noted that the samples for the Lake Emily Moraines were taken from a site that 

Oliver and Keene (1990) refer to as Johnstone Stream deposits which they infer to 

be equivalent to the Hakatere Advance in the adjoining Clearwater system. 

 
Fig 5.1 Location of sites from which cosmogenic samples were obtained. 1=Hakatere Moraines, 

2=Spider Lakes 1 Moraines, 3=Spider Lakes 2 Moraines, 4=Spider Lakes 3 Moraines, 5=Lake 

Clearwater Moraines, 6=Lake Clearwater Rescessional Moraines, 7=Paddle Creek Moraines, 

8=Whiterock Moraines, 9=Lake Emily Moraines.  Details such as sample location, rock type and 

boulder size for each sample can be found in Table 5.1. Image courtesy of Google Earth, 2007.    
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 The large boulders chosen for sampling were identified as being glacially 

deposited (Fig 5.2.A and B). These large rocks were chosen to minimise the chances 

of post depositional burial and subsequent exhumation, as this would produce 

anomalously younger ages for the deposits. For moraines, boulders were selected 

from ridge crests to minimise the chances of the boulder having rolled after 

deposition or deposited through other means, such as landslide, as this too would 

produce inaccurate ages for the deposits. A total of three to four rocks were sampled 

on each system and details such as sample location, rock type and boulder size for 

each sample can be found in Table 5.1.  

 All of the samples were collected using a hammer and chisel (Fig 5.2C) 

where the top 4 to 5cm of rock is removed from the uppermost exposed surface. The 

rock fragments, totalling approximately 1.5 to 2kg, were then placed in a bag and 

labelled appropriately and brought back to the lab for sample preparation. 
 

A B

C D  
Fig 5.2 Photo’s A, B and C show the types of boulders that were sampled for cosmogenic dating. 

Photo A is sample RAN-LCR-3 and photo B is sample RAN-LC-2. Photo C demonstrates the 

chiselling method by which the samples were removed from the top of the rock surface. The sample 

is RAN-LEM-2. Photo D shows a bagged sample from RAN-HAK-2 containing approximately 2kg 

of rock.. 
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Sample Name Sample Site* Grid Ref 
Sample 

Material** 
Size (L x W x H) 

     

Hakatere Moraine 

RAN-HAK-1 1 J36 / 612313 Greywacke  1.5 x 1.5 x 0.7  m 

RAN-HAK-2 1 J36 / 612312  Greywacke  1.5 x 1.0 x 0.6  m 

RAN-HAK-3 1 J36 / 612312 
Quartz Vein in 

Boulder 
1.0 x 1.0 x 1.0  m 

RAN-HAK-4 1 J36 / 612312 Greywacke  1.6 x 1.6 x 0.7  m 

Spider Lakes 1 

RAN-SPL-1-1 2 J36 / 604311 Greywacke 1.8 x 1.5 x 1.0 m 

RAN-SPL-1-2 2 J36 / 604311 Greywacke 1.9 x 1.8 x 1.2 m 

RAN-SPL-1-3 2 J36 / ? Greywacke 1.5 x 1.4 x 1.2 m 

Spider Lakes 2 

RAN-LEM-1 3 J36 / 596305 Greywacke  1.5 x 1.3 x 0.9 m 

RAN-LEM-2 3 J36 / 596305 Greywacke  1.6 x 1.1 x 0.7 m 

RAN-LEM-3 3 J36 / 599305 Greywacke  1.9 x 1.8 x 1.3 m 

Spider Lakes 3 

RAN-SPL-3-1 4 J36 / 585316 Greywacke 2.1 x 1.5 x 0.9 m 

RAN-SPL-3-2 4 J36 / 585316 Greywacke 1.5 x 1.6 x 1.0 m 

RAN-SPL-3-3 4 J36 / 559302 Greywacke 2.1 x 1.1 x 0.9 m 

RAN-SPL-3-4 4 J36 / ? Greywacke 1.1 x 0.9 x 0.6 m 

Lake Clearwater 

RAN-LC-1 5 J36 / 536311 Greywacke  2.0 x 2.0 x  ?    m 

RAN-LC-2 5 J36 / 536310 Greywacke  2.0 x 1.5 x  1.5 m 

RAN-LC-3 5 J36 / 535313 Greywacke  2.0 x 2.0 x  ?    m 

RAN-LC-4 5 J36 / 533312 Greywacke  1.5 x 2.0 x 0.8  m 

Lake Clearwater Recessional Seq. 

RAN-LCR-1 6 J36 / 505311 Greywacke  2.8 x 1.2 x 1.1 m 

RAN-LCR-2 6 J36 / 503311 Greywacke  2.8 x 2.4 x 0.9 m 

RAN-LCR-3 6 J36 / 501313 Greywacke  4.1 x 2.0 x 1.8 m 

RAN-LCR-4 6 J36 / 501311 Greywacke  4.1 x 1.6 x 1.2 m 

Table 5.1 Sample name, collection site number, grid location (NZMS260 map reference), rock type 

sampled and boulder dimensions of the main Clearwater Basin sampling regime.  

* Refers to the collection site as identified in Fig 5.1 

** Refers to Greywacke boulders unless otherwise stated. 

? Denotes where height measurements and grid references are unknown or were not recorded. 
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Sample Name Sample Site* Grid Ref 
Sample 

Material** 
Size (L x W x H) 

     

Paddle Creek Moraines 

RAN-PC-1 7 J36 / 546354 Greywacke 2.5 x 1.6 x 2.0 m 

RAN-PC-2 7 J36 / 547355 Greywacke 1.9 x 1.3 x 1.0 m 

RAN-PC-3 7 J36 / 551355 Greywacke 1.6 x 0.8 x 0.7 m 

Whiterock Moraines 

RAN-WR-1 8 J36 / 627159 Greywacke 1.5 x 1.8 x 1.5 m 

RAN-WR-2 8 J36 / 628158 Greywacke 1.5 x 1.8 x 1.5 m 

RAN-WR-3 8 J36 / 628159 Greywacke 1.8 x 2.0 x 1.7 m 

Lake Emily Moraines 

RAN-LE-1-1 9 J35 / 628404 Greywacke 1.6 x 1.3 x 2.2 m 

RAN-LE-1-3 9 J35 / 624399 Greywacke 3.5 x 1.9 x 1.1 m 

RAN-LE-1-4 9 J35 / 625399 Greywacke 2.1 x 1.2 x 1.0 m 

Table 5.1 continued. Sample name, collection site number, grid location (NZMS260 map reference), 

rock type sampled and boulder dimensions of outlying sampled areas. 

* Refers to the collection site as identified in Fig 5.1 

** Refers to Greywacke boulders unless otherwise stated. 

 

5.3. Sample Preparation and Isotope Measurement  
 The initial chemical preparation and extraction of the 10Be isotopes from the 

collected samples was conducted at the cosmogenic preparation lab of the Dept of 

Geological Sciences, University of Canterbury. Once the samples were prepared 

they were sent to the Australian Nuclear Science and Technology Organisation 

(ANSTO) to be measured on the ANTARES accelerator. The following process 

description is based on the procedures employed at both Canterbury and ANSTO 

that were provided through personal communications with Henrik Rother, 2008.  

 First, the samples were crushed and sieved until a 212-500µm grain size was 

achieved. From this, 600g of the sample was utilised for further processing. The 

samples were then subjected to a phosphoric acid treatment in order to remove any 

impurities from the quartz. This step involved the samples being boiled 3 to 5 times 

in H3PO4 for 45 to 60 minutes at a temperature of 250oC. After each boiling the 

samples were cleaned with NaOH and thoroughly washed with water. The samples 



 

 - 108 -

were then analysed for Al using ICP-MS. This ensured that the samples were free of 

Al concentrations over 500ppm as levels above this would result in the failure of the 

later extraction process.  

 A stable Beryllium isotope carrier (9Be) was then added to the samples as 
10Be concentrations tend to be too low for chemical extraction. The amount of 

carrier was precisely known as it was weighted to 5 significant places. This meant 

that during the final AMS analysis it is only the 9Be/10Be ratio that needs to be 

measured. The samples were then dissolved in a concentrated HF solution which 

was followed by fuming to remove the HF and Silicon tetraflouride as gasses. An 

adjustment of the samples pH value to 7.8 forced the Be, Al, Ti and Fe to precipitate 

so that the soluables (Ca, Na, Mg) could be removed. Once this was achieved the 

samples were ready to progress to the ion chromatography treatment stages. 

 The first (Anion chromatography) saw the samples percolated through ion 

exchange columns in an anion exchange resin to separate the Be and Al from the 

negative ionic species (Fe). The Aluminium was then precipitated out through a 

further pH adjustment to a value of 11.5. The remaining sample was then percolated 

through the ion exchange columns for a second time using cation exchange resin to 

remove the Ti content from the sample. The Beryllium hydroxide precipitate was 

then carefully dried and oxidised in a furnace at a temperature of 800oC. The final 

oxides weighed approximately 0.5 to 1.0mg and were then mixed with Niobium and 

loaded into a 1.6mm wide target cathode ready for measurement using AMS. 

 The beryllium atoms contained within the sample were measured at ANSTO 

using the ANTARES accelerator. This was done by focussing a Cs+ beam at the 

sample to produce ions which were then forced (magnetically) into the 8 Million 

Volt (8MV) accelerator. From here the ions were fired into an ion detector where the 

released ionisation energy could be measured and individual atoms counted. All 

atoms of a differing atomic mass or energy to that of beryllium were filtered using 

magnetic deflection which was adjusted accordingly with the known atomic mass of 

Be radioisotopes. 
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5.4 Data Correction 
 Once the 10/9Be ratios were measured and corrected using full chemistry 

procedural blanks, the absolute concentrations were able to be calculated via the 

AMS accepted standards employed by ANSTO (Fink et al, 2000). The 

concentrations were then converted into raw exposure ages based on a 10Be half life 

of 1.5Ma and 10Be production rates that were adjusted for both latitude and altitude 

for the central South Island. For these calculations a base production rate of 5.1 ± 0.3 

atoms per gram of quartz per year at mid latitude sea level has been used after Stone 

(2000). 

 The raw exposure ages were then corrected for sample thickness and 

slope/horizon shielding to produce the minimum exposure ages presented in tables 

5.2 and 5.3. At the time of writing, the presented ages had not been corrected for 

geomagnetic variations or erosion. It is expected that corrections for geomagnetic 

variation will produce a slightly younger age than what is presented and that any 

erosion correction will produce a slightly older age. Despite this, the ages presented 

are not expected to vary by more than about 4% once these corrections have been 

made as one will counteract the other (Rother, Pers. Comm, 2008). 

 

5.5. Results 
 The cosmogenic ages from the sampled moraine sets represent a variety of 

ages that range between 23.2ka and 13.5ka (Tables 5.2 and 5.3). Within some of the 

individual moraine sets (RAN-HAK, RAN-SPL-1, RAN-SPL-3 and RAN-PC) some 

variation is seen between samples. This is thought to be related to the sample site on 

the boulder itself and as a result is deemed inconsequential. One age from the Spider 

Lakes 3 data set (RAN-SPL-3-2) is ~10ka older than the other samples on the same 

moraine and is regarded as an outlier. A second potential outlier has been identified 

in sample RAN-PC-1. The sample RAN-PC-1 (18.9ka) is older than those adjacent 

to it (13.8ka, 14.3ka) but the location is within a confined valley where moraines are 

stacked closely together and it may be from an older or re used feature (Fig 5.3). The 

age itself falls within a depositional timeframe for the Hakatere deposits and is 

interpreted as such.  
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Sample 

10Be / 9Be 
ratio 

(1E - 15) 

Sample 
Mass 

9Be Carrier 
Mass 

10Be conc. 
(At/g-Q) 

(1E 6) 

 
Alt. 

 
Lat. 

Prod. 
Scaling 

 
Sheilding 

Thick. 
Corr. 

Site Prod. Rate. Min. Exp. 
Age 

QuaD 
Error 

 
Hakatere Moraine 

RAN-HAK-1 166.4 31.8 0.355 0.144 620 43.50 1.674 0.999 0.960 8.189 15.2 1.3 
RAN-HAK-2 389.4 62.1 0.357 0.161 620 43.50 1.674 0.999 0.960 8.189 18.4 1.7 
RAN-HAK-3 284.6 47.3 0.355 0.155 620 43.50 1.674 0.999 0.960 8.189 17.5 1.6 
RAN-HAK-4 203.9 40.4 0.353 0.138 620 43.50 1.674 0.999 0.960 8.189 14.6 1.9 

Spider Lakes 1 Moraine 
RAN-SPL-1-1 262.5 54.8 0.353 0.126 660 43.50 1.731 0.999 0.960 8.464 13.4 1.1 
RAN-SPL-1-2 219.7 48 0.354 0.122 660 43.50 1.731 0.999 0.960 8.464 12.8 1.2 
RAN-SPL-1-3 332.5 56.7 0.353 0.151 660 43.50 1.731 0.999 0.960 8.464 16.4 1.2 

Spider Lakes 2 Moraine 
RAN-LEM-1 172.0 33 0.357 0.146 700 43.50 1.789 0.994 0.960 8.464 14.3 1.1 
RAN-LEM-2 319.6 57.2 0.355 0.144 700 43.50 1.789 0.994 0.960 8.464 15.3 1.2 
RAN-LEM-3 238.0 45.7 0.354 0.140 700 43.50 1.789 0.999 0.960 8.464 14.1 1.1 

Spider Lakes 3 Moraine 
RAN-SPL-3-1 347.2 60.8 0.354 0.146 660 43.50 1.731 0.999 0.960 8.464 16.0 1.2 
RAN-SPL-3-2 359.1 39.9 0.355 0.236 660 43.50 1.731 0.999 0.960 8.464 25.4 1.7 
RAN-SPL-3-3 199.3 41.9 0.354 0.132 660 43.50 1.731 0.999 0.960 8.464 13.3 1.0 
RAN-SPL-3-4 148.2 31 0.354 0.140 660 43.50 1.731 0.999 0.960 8.464 13.4 1.0 

Lake Clearwater Moraines 
RAN-LC-1 239.9 47.8 0.354 0.135 700 43.50 1.789 0.999 0.960 8.722 13.7 0.9 
RAN-LC-2 377.3 72.9 0.355 0.134 700 43.50 1.789 0.999 0.960 8.722 14.1 1.0 
RAN-LC-3 391.0 73.1 0.355 0.135 700 43.50 1.789 0.999 0.960 8.722 14.6 1.0 
RAN-LC-4 227.6 44.5 0.355 0.137 700 43.50 1.789 0.999 0.960 8.748 13.9 1.1 

Lake Clearwater Recessional Moraines 
RAN-LCR-1 203.0 41.5 0.354 0.133 750 43.50 1.863 0.999 0.960 9.077 12.8 0.9 
RAN-LCR-2 105.5 22.5 0.355 0.143 750 43.50 1.863 0.999 0.960 9.104 12.2 1.0 
RAN-LCR-3 232.1 44.5 0.354 0.139 750 43.50 1.863 0.999 0.960 9.104 13.6 0.9 
RAN-LCR-4 145.4 28.4 0.355 0.150 750 43.50 1.863 0.999 0.960 9.104 13.4 1.0 

Table 5.2. Presented are the results from direct cosmogenic dating of moraine boulders in the main trunk of the Clearwater Basin as identified in Fig 5.1 
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Sample 

10Be / 9Be 
ratio 

(1E - 15) 

Sample 
Mass 

9Be Carrier 
Mass 

10Be conc. 
(At/g-Q) 

(1E 6) 

 
Alt. 

 
Lat. 

Prod. 
Scaling 

 
Sheilding 

Thick. 
Corr. 

Site Prod. Rate. Min. Exp. 
Age 

QuaD 
Error 

  
Paddle Creek Moraines 

RAN-PC-1 233.3 29.9 0.355 0.208 850 43.50 2.021 0.999 0.960 9.840 18.9 1.3 
RAN-PC-2 207.7 36.3 0.354 0.154 850 43.50 2.021 0.999 0.960 9.840 13.8 1.0 
RAN-PC-3 220.5 37.1 0.354 0.163 850 43.50 2.021 0.999 0.960 9.840 14.3 1.0 

Whiterock Moraines 
RAN-WR-1 397.2 81.0 0.355 0.125 580 43.50 1.619 0.999 0.960 7.920 14.7 1.1 
RAN-WR-2 220.2 48.9 0.354 0.122 580 43.50 1.619 0.999 0.960 7.920 13.5 1.0 
RAN-WR-3 377.8 74.2 0.355 0.131 580 43.50 1.619 0.999 0.960 7.920 15.3 1.0 

Lake Emily Moraines 
RAN-LE-1-1 375.3 45.6 0.355 0.208 660 43.50 1.731 0.999 0.960 8.464 23.2 1.7 
RAN-LE-1-3 503.4 60.5 0.355 0.208 660 43.50 1.731 0.999 0.960 8.464 23.4 1.6 
RAN-LE-1-4 506.5 70.8 0.355 0.179 660 43.50 1.731 0.999 0.960 8.464 20.2 1.5 

Table 5.3 Presented are the results from direct cosmogenic dating of moraine boulders found in local outlying areas as identified in Fig 5.1.   

Sample = Name of sample 
10Be/9Be Ratio = The measured ratio of 10Be/9Be from which the amount of 10Be per gram of quartz is calculated. 

Sample Mass = The amount of pure quartz left after pre treatment that is used in the chemical extraction of 10Be.  
9Be Carrier Mass = The amount of 9Be added to the samples. As this is precisely known a total amount of 10Be can be calculated from the measured ratio. 
10Be Concentration = This is the final calculated amount of 10Be per gram of quartz.  

Altitude and Latitude = These show the altitude and latitude from which the samples come. These are important as both can affect the local 10Be production rate. 

Production Scaling = This adjusts the local 10Be production rate to the altitude and latitude. 

Sheilding = This represents the amount of shielding that occurs in the field. Natural barriers such as mountains can inhibit the cosmic rays that reach the boulder. 

Thickness Correction = This corrects for sample thickness. Samples were corrected for a 4cm thickness as 10Be production differs over a depth of 4 to 6cm.  

Site Production Rate = this is the adjusted local production rate of 10Be per year per gram of quartz. 

Minimum Exposure Age and QuaD Error = The minimum age and associated error presented in ka. 



 

 112 
 

 
Fig 5.3 The closely stacked moraines from which the RAN-PC samples were taken. The flanks of the 

Dogs Hill Range are on the far left and the flanks of Mt Gut are on the right.  

 

 

Moraine Sequence 

Name 

Weighted Mean 

Age (ka) 

Weighted Mean 

Error (ka) 

Maximum Age 

 for moraines (ka) 

Hakatere 16.3 0.9 17.2 

Spider Lakes 1 14.1 1.1 15.2 

Spider Lakes 2 14.6 0.7 15.3 

Spider Lakes 3 14.0 0.8 14.8 

Lake Clearwater 14.1 0.5 14.6 

Lake Clearwater 

Recessional Seq. 
13.0 0.5 13.5 

Table 5.4 The Clearwater moraine sequence to which the dates correspond, the weighted mean age, 

 weighted mean error and the maximum age for each moraines deposition. 

 

 

Moraine Sequence 

Name 

Weighted Mean 

Age (ka) 

Weighted Mean 

Error (ka) 

Maximum Age 

 for moraines (ka) 

Paddle Creek  15.1 1.4 16.5 

Whiterock Moraines 

(Rangitata Sequence) 
14.5 0.6 15.1 

Lake Emily Moraines 

(Lake Heron Sequence) 
22.1 1.1 23.2 

Table 5.5  Outlying moraine sequences to which the dates correspond, the weighted mean age, 

 weighted mean error and the maximum age for each moraines deposition. 
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5.6. Summary and Conclusions 
 These results provide the first detailed chronology from glacial features in 

this system. The dates show what appears to be a relatively straight forward 

deglacial sequence for the Clearwater lobe of the Rangitata Glacier, with the ice 

having reached its furthest extent at or around 23ka and having totally evacuated the 

basin by around 12 to 13ka. This deglacial sequence is marked by several periods of 

stillstand and/or minor oscillations at the ice front which is evident in the moraine 

geomorphology. However when these dates are viewed in conjunction with the 

geomorphology, two major trends begin to emerge with regard to the overall 

stability of the retreating body of ice (Fig 5.4). The first is one of steady retreat from 

the LGM maximum ice extent (Trinity age deposits) back to the Hakatere deposits, 

which in the Clearwater system can best be observed in the confines of Pudding 

Valley. At this location there is a distance of approximately 1.5 to 2km between the 

two deposits, which according to the weighted mean cosmogenic ages (Tables 5.4 

and 5.5) represents a minimum period of 6000 years of ice retreat. This infers that 

whilst the glacier was in an overall retreat phase, conditions must have been 

relatively stable as to allow a slow retreat of 33cm per year over this time frame. 

From the Hakatere moraine in the main Clearwater basin (dated at 17.2ka) to the 

Spider Lakes 1 moraines (15.2ka) a distance of approximately 500 metres is 

observed. This again equates to a minimal retreat phase of just 25cm per year over 

the 2000 years between the two sets of moraines being deposited. 

 The situation changes quite dramatically between the deposits of the Spider 

Lakes 1 moraines (15.2ka) and those of the Lake Clearwater moraines (14.6ka), 

where the ages indicate a retreat of 7.5km over a 600 year period. This equates to a 

rate of 12.5 metres per year for this phase of the recession and implies that at 

approximately 15ka there was a major change in either climate or local conditions 

that induced a rapid collapse of the Clearwater lobe and most certainly the main 

Rangitata Glacier. This collapse abated briefly between the Lake Clearwater 

moraines and the Lake Clearwater Recessional moraines (13.5ka) where a retreat 

rate of less than 1m per year is observed before the total evacuation of ice from the 

Clearwater system was complete. This slow down may be due to thicker ice in this 



 

 114 
 

confined section of the valley. These findings are similar to the findings of 

Shulmeister et al (2005) in which they discuss the onset of a unified Southern 

Hemispheric deglaciation commencing at or around 20ka that is punctuated with an 

abrupt period of warming at or around 15ka. 
 

 
Fig 5.4 Here the retreat phases are presented as colours to show the variation and extent to which they 

have occurred. Trinity to Hakatere is approximately 2km of retreat over 6ka. Hakatere to Spider 

Lakes 1 is approximately 500m of retreat over 2ka. Spider Lakes 1 to Lake Clearwater is 

approximately 7.5km of retreat over a 600 year period, whilst the retreat from the Lake Clearwater 

moraines to the Lake Clearwater recessional moraines is approximately 900m over a 1ka period. 
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The dates also imply that the age interpretation between Oliver and Keene’s (1990) 

Johnstone Stream deposits and Mabin’s (1980) Hakatere deposits is incorrect and 

that the Johnstone Stream deposits are in fact equivalent to Mabin’s (1980) Trinity 

Advance. Therefore if these deposits represent the furthest most extent of the Rakaia 

LGM ice in the area, then it is conceivable that the two ice lobes (Clearwater and 

Heron) did not coalesce during the LGM advance. This would assist in explaining 

the lack of Trinity age moraines in the lower Clearwater Valley as the melt waters 

from the nearby Rakaia ice would have been removing the Clearwater sediments at a 

faster rate than the moraines could be built. Had the two lobes have coalesced to 

form a single ice front then one would expect to see some clear form of remnant 

moraine deposits somewhere at this end of the valley. 
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CHAPTER 6 

 

6.1 Discussion  
 New Zealand glacial records have been used to interpret a variety of global 

climate change patterns (eg. Denton and Hendy, 1994), however there has been little 

work on the behaviour of New Zealand glaciers. One of the problems associated 

with glacial research in New Zealand has been the lack of detailed glacial 

sedimentological work. Recent sedimentological studies on Pleistocene glacial 

deposits are demonstrating that glaciofluvial and glaciolacustrine processes are an 

important part of New Zealand glacial systems. The spectacular outcrops in the Potts 

River gave an opportunity to evaluate the history of the Clearwater system in 

outcrop. In 1996, Hart described four lithofacies from outcrops at the end of Lake 

Pukaki in the Mt John terminal moraine complex. These lithofacies were reported to 

represent a sub glacial diamicton, an ice proximal diamicton and 2 progressively 

distal diamictons. Hart also identified glaciotectonic deformation within these 

lithofacies, which were interpreted as representing two minor re-advances, and gave 

an overall conclusion that this was the margin of a receding glacier in which 

proglacial deformation into a water body had occurred. Hart’s study demonstrated 

that the deposition of these sediments was dominated by glaciolacustrine conditions. 

 A subsequent study by Mager and Fitzsimons (2007) on the younger, Tekapo 

moraine deposits of Lake Pukaki disagree with Hart’s interpretation of proglacial 

glaciolacustrine deformation. They argue that the deformation observed by Hart is 

due to syndepositional gravitational deformation and that the Mt John sediments are 

similar to those of the Tekapo moraine, in that they were deposited by a retreating 

ice front and that the sedimentation was dominated by an ice contact lake (Mager 

and Fitzsimons, 2007). 

 Rother (2007) found that similar processes (glaciolacustrine and 

glaciofluvial) had occurred in the Hope Valley system. However in this study, 

Rother found that the glaciofluvial aggradation and subsequent ice overriding 

actually helped to preserve older valley fills through burial. Post glacial fluvial 

degradation only excavated parts of the deeper basin fill, leaving older glacial 
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sequences exposed in both mid and side valley locations. These types of 

glaciolacustrine and glaciofluvial packages are also found in the Rakaia River 

Valley (Fig 6.1), where it is thought that similar preservation processes have 

occurred. 

 
Fig 6.1. Glaciofluvial and glaciolacustrine sediments of the Rakaia River Valley. These photo’s 

highlight the vertical extent to which these sediments occur, three people (circled) on the left provide 

an overall scale for the second photo. 

 

In the Clearwater basin sediments recording older glacial advances have been 

preserved in both mid and lateral valley locations also. However, unlike the Hope 

and Rakaia systems, the excellent preservation of the sediments in the Clearwater 

Basin is due to the fact that there are no major rivers or tributary systems running 

through it. This has meant that there has been minimal post glacial erosion within 

the basin. Speight (1941) postulated that the Rangitata River once flowed through 

the basin and out to the plains via the Mt Somers gorge. This idea is supported by 

the basins morphology but it poses the question of what triggered the southward 

avulsion of the Rangitata River?  

 The basin is presently fault bound by the Potts Fault in the West/Northwest 

and by the Lake Heron Fault to the North/Northeast (Upton et al, 2004). These fault 

systems have minimal surface expression on the basin floor and at this time there is 

insufficient data on these systems to infer a local tectonic explanation. Therefore it is 

inferred that this southward avulsion of the Rangitata River was due to regional 
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tectonics, related to the Alpine Fault system and that the repeated deposition of thick 

glacial sediments, through valley glaciations dating back as far as OIS 8 to OIS 10, 

has assisted in keeping the Rangitata River out of the basin. However this could only 

be effective if the main line of the river is directed elsewhere. The sediments of the 

upper Potts River outcrop reveal a minimum of three glacial advances of which the 

oldest has been luminescence dated to OIS 6 (180ka) or older. The outcrop also 

showed that the preserved glacial packages became volumetrically smaller toward 

the top of the outcrop, culminating with the inferred LGM sequence forming a thin 

veneer that can be correlated across most of the basin, either through outcrop or 

geomorphic relationships. 

 These sediments also highlighted a trend that appears to be common in New 

Zealand’s glacial deposits in that there is no glacial till preserved. In the Clearwater 

basin this may a direct function of the excessive meltwaters and extensive lake 

environments in which these sediments were deposited and that subsequent advances 

recycled river and lake sediments, alternatively for the younger advances, the ice 

may not have been thick enough to rework deep piles of sediment. 

 A second luminescence age taken from the Lake Emma moraine complex 

returned a multiple aliquot range (MA) of 61.5 ± 2.6ka and a single aliquot range 

(SAR) of 49.5 ± 2.2ka. The multiple aliquot and single aliquot regenerative results 

should yield the same age with error. The fact that they are different suggests that 

the sample is unsatisfactory. A possible cause of the discrepancy is due to the 

incomplete zeroing of the material during transport and deposition. In this case the 

age must be regarded as limiting upper ages only. If the multiple aliquot range is 

correct it would mean that these sediments were most likely deposited in OIS 4 

(possibly OIS3) which places the sediments in the early to mid Otira Glaciation. 

However if incomplete zeroing of the sediments has occurred then this age would 

likely be much younger. If this is the case then it is expected that the sample should 

be post LGM in age and should be equivalent to the Spider Lakes deposits which 

have returned a cosmogenic age of c.15ka (Table 5.4). This younger age would 

concur with both the geomorphology and the SED chronology produced by this 

thesis. OIS 4 sediments from New Zealand glacial deposits are somewhat 
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problematic in that they have been recognised and numerically dated in the Rakaia 

Valley (Shulmeister, unpublished data) but are either absent or at least not confirmed 

elsewhere.        

 The geomorphology of the Clearwater basin’s glacial deposits was first 

studied by Mabin (1980) who identified and named 5 terminal ice positions (Trinity, 

Hakatere and Spider Lakes 1, 2 and 3). Mabin also described 9 ice form lines within 

the upper basin which he interpreted as being related to a receding post LGM ice 

body. Whilst the basis on which Mabin’s conclusions were drawn is fundamentally 

sound, Mabin has significantly under estimated the preservation of ice recessional 

features in this system. The extensive lateral meltwater channels to the north of Lake 

Clearwater chronicle the interaction between the Potts River system and the 

Rangitata. They show that the Potts River had a significant meltwater input that not 

only assisted in the down valley transport and deposition of sediment, but across 

much of the basin may have buried many of the deglacial features. 
 The lack of adequate and/or reliable dating techniques has long been an issue 

for glacial researchers in New Zealand and the Clearwater basin is no exception. 

Until recently, the basis on which chronological conclusions have been drawn lies 

largely on the geographical relationships of younger deposits sitting within or behind 

older deposits. In 2003 the NZ-INTIMATE (New Zealand-INTernational Ice core, 

Marine And TErrestrial) project began, combining many of New Zealand’s paleo-

climate researchers from a diverse range of fields (Alloway et al 2007). The aim of 

this project is to establish a stratigraphic climate record for the last 30,000 years. 

This is being achieved by using a wide variety of proxies, of which New Zealand’s 

Paleo-glacial deposits feature prominently. Paleoecological data from this project in 

particular the Kaipo Wetland, has highlighted a lateglacial climate reversal between 

c.13 800 and 12 400 cal. Yr BP (Alloway et al, 2007).  

 For the purposes of this thesis Surface Exposure Dating (SED) aka 

cosmogenic dating has been used to directly date the moraines of the Clearwater 

basin providing the first detailed chronology for this area. In total 31 individual 

cosmogenic ages from 9 separate moraines are presented. The results show a 

retreating sequence from c.23ka to c.13ka with no evidence for late glacial, re-
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advance in the valley. One of the key findings from this chronology is that the Lake 

Emily moraines (Trinity Advance) returned an age of c.23ka. The Trinity advance, 

as described by Mabin has previously been assigned to OIS 4 (c.70ka) and was not 

thought to be part of the LGM sequence. The dates also imply that the age 

interpretation between Oliver and Keene’s (1990) Johnstone Stream deposits and 

Mabin’s (1980) Hakatere deposits is incorrect and that the Johnstone Stream 

deposits are in fact equivalent to Mabin’s (1980) Trinity Advance. An implication of 

this is that the LGM ice extended further into these valleys than has previously been 

recognised. This new age has prompted the following revision of this area’s glacial 

deposits (table 6.1); 
 

Glacial 

Sequence 

Age (ka) 
OIS ages after Rother 2006 

LGM Sequence ages, This Thesis

Oxygen Isotope  

Stage 

   

Lake Clearwater series 14  

Spider Lakes series 15  

Hakatere  17  

Trinity 23  

 24 OIS 2 

 59 OIS 3 

 73 OIS 4 

 128 OIS 5 

Dogs Hill 188 OIS 6 

 241 OIS 7 

Pyramid 291 OIS 8 
Table 6.1. Revised glacial/deglacial chronology for the Clearwater Basin 

 

 When the dates were viewed in conjunction with the geomorphology two major 

trends became obvious with regard to the overall stability of the retreating ice.  

 The first is one of steady retreat (an estimated 25 to 33 centimetres per year) 

from the LGM maximum ice extent (Trinity age deposits) at 23.2ka, through the 
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Hakatere (17.2ka) to the Spider Lakes moraines at 15.2ka. From this point the ice 

mass appears to have destabilised and retreated rapidly at an estimated mean rate of 

12.5 metres pre year until it reached the Lake Clearwater series of moraines. At this 

point the retreat slowed to 91 centimetres per year. Excess glacio-fluvial 

sedimentation in the main basin’s Spider Lakes moraines and increased fluvial 

activity in the Lake Emma moraine complex supports the idea of a major change in 

either climate or local conditions at around 15ka. Similar findings have been 

reported from other New Zealand sites such as Lake Pukaki (Schaefer et al 2001; 

Schaefer et al 2006) and Cobb Valley (Shulmeister et al, 2005) and from other 

Southern Hemisphere sites, Tasmania (Fink et al, 2002) and Lago Buenos Aires in 

Argentina (Kaplan et al, 2004). The fact that similar data sets are occurring from 

numerous Southern Hemisphere sites implies a coherent Southern Hemispheric 

deglaciation commencing sometime around 23ka with a further warming at 16 to 

15ka.  

 

6.2 Conclusions 
The overall aim of this thesis was to provide new data on the Clearwater basin 

for the growing body of literature on New Zealand’s glacial history. This study has 

attempted to resolve some of the long standing issues surrounding glacial 

chronologies for the region, fill gaps in the literature with regard to glacial 

sedimentology and have tested the conclusions of previous work with regard to 

geomorphology and its interpretation in this study area. The main project objectives 

were as follows; 

 

• To produce valley wide correlation of glacial deposits and glacial 

episodes. 

• To reconstruct the sedimentary environment and produce a depositional 

model for the studied area. 

• To provide absolute ages for the glacial sediments and surfaces, thereby 

providing absolute ages for the glacial advances and or episodes within 

the studied area. 
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• To reconstruct the glacial history of the area  

•  And to create a comprehensive record of this local glacial system that 

can be easily compared with other New Zealand models that are 

currently being developed. 
 

The following passages will briefly reiterate the key findings of chapters 3, 4 and 5 

and will be followed by recommendations for further investigation. 

  

 The geomorphic features described in chapter 3 presented a detailed account 

of what can easily be observed in the Clearwater basin. By first identifying and 

describing these features new insights were gained with regard to the processes that 

formed them. This has added 17 new recessional positions to the local glacial record 

and provided detailed descriptions and a revised map of the Clearwater basins 

geomorphological features. This map substantially enhances the available 

information on the Clearwater Basin. The chapter has also encouraged and provided 

for the use internet based satellite imagery (Google Earth) to further assist the reader 

in gaining a full understanding of the geomorphology. The following are the key 

findings; 

 

• There are a minimum of 23 recessional positions in the basin that span the 

LGM/LGIT period. The cosmogenic age of c.23ka marks the LGM in this 

area which is followed by a complete recessional sequence through the LGIT 

to c.12 to 13ka when the ice had totally evacuated the basin. No deposits 

were found that can be confidently assigned to OIS 4 and this advance 

remains unidentified.  

• The Hakatere and Spider Lakes advances of Mabin actually represent periods 

of stillstand and/or minor oscillations in ice front activity. This is likely 

coupled with increased sedimentation rates brought on by a local and/or 

regional climate change, making the term ‘Glacial advance’ a misleading 

statement with regard to these moraines. 
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• The moraines of the Spider Lakes series should be expanded to encompass 

all recessional moraine deposits back to Lake Clearwater as this marks the 

end of the flattened and spread out, piedmont style ice. At this point it is 

proposed that the literature include an additional Lake Clearwater series of 

moraines that chronicle the presence of a more confined valley glacier up to 

the point at which the basin became ice free. 

 

Six outcrops were selected for sedimentological interpretation and were presented in 

chapter 4. These outcrops were selected following a pre determined criteria to ensure 

maximum coverage of the glacial deposits, scale of the outcrop and the potential to 

be linked into the geomorphological and chronological content of this thesis. The six 

outcrops, listed in their order of presentation are; The Upper Potts River, The Lower 

Potts River, three sites in the Lake Emma Moraine Complex and the Hakatere 

Gravel Pit. Two new luminescence ages were also obtained from the sediments (the 

upper Potts River and the Lake Emma Moraine Complex) and were presented at the 

end of their outcrops unit descriptions.  

 The sedimentological descriptions and interpretations presented in chapter 4 

demonstrated that the glacial sediments of the Clearwater basin are not a straight 

forward LGM glacial/recessional sequence as represented by the geomorphology. 

The sediments present a stratigraphic record that spans >180ka in which multiple 

glacial incursions have been recorded. A luminescence age, from the upper Potts 

River (>180ka), provides absolute age control for the oldest of these glacial 

episodes, whilst the unit descriptions, from the upper Potts, clearly show the 

presence of at least two additional glacial sequences. There is a clear message from 

the outcrops that a layer cake stratigraphy, extending through several glacial cycles, 

underlies the whole valley floor. 

 

6.3 Recommendations for Further Study 

Throughout the process of conducting this thesis many questions have been raised 

that either lay outside the scope of this study or were deemed impractical to include 

in the thesis. Some of these are listed here to promote further study in this field.  
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 The first and most obvious study to be recommended from this thesis is to 

conduct a similar investigation into the adjoining Rangitata River system. The 

glacial deposits of the Rangitata are also extensive and show a similar level of 

preservation to the Clearwater, despite the presence of the Rangitata River. The 

cosmogenic age taken from the Whiterock moraines (this thesis) suggests that under 

representations of glacial deposits will be observed and that similar results will be 

reported. There are abundant outcrops exposed in both Scour Stream and Bush 

Stream which would allow detailed sedimentology to be conducted and the 

extensive kame deposits are littered with erratic boulders for cosmogenic dating. 

 A seismic and/or geophysical investigation into Lake Clearwater’s local fault 

systems and the basin’s overall architecture is recommended to evaluate the 

structural and tectonic constraints of the local area. This study should be conducted 

on the basis of finding out how/if these constraints have impacted on both the flow 

of ice into the basin during glacial periods and the preservation of older glacial 

sediments. 

Comprehensive IRSL sampling of the Clearwater basin’s sediments is recommended 

to reaffirm the IRSL ages presented in this thesis and to gain greater age control of 

the basin fill sediments. In the upper Potts River outcrop this detailed sampling 

should be able to constrain the three identified glacial episodes which will assist in 

identifying an OIS 4 sediment package if present. In the lower Potts River outcrop 

there are fine sediments from which sampling could be done. This would give an age 

for the upper middle basin fill which will provide insights into how the ice entered 

the basin and will assist in understanding sediment fill preservation. Improved age 

control of the Lake Emma Moraine Complex will determine if an OIS 4 signature 

does exist at this location. Charcoal found in the upper units may also be 

radiocarbon dated to ascertain an age for the paleosol.  

 The Spider Lakes moraines found in the main basin provide an excellent 

location in which to study the glaciofluvial influence on moraine building processes. 

At this location, ground penetrating radar (GPR) techniques may be useful in 

producing 3D model reconstructions of the moraines. This could be a stand alone 

study or be a part of a wider South Island wide project. 
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