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Abstract 
 

The New Zealand mountainous environment carries the unmistakable legacy of the ice age. 

Glaciers have been one of the most powerful forces which shape the land and are imperative to the 

story of the South Island. In this report, the role of 
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Tangata Whenua 
 

This report acknowledges 0ƗRUL�DV tangata whenua and Te Tiriti o Waitangi (Treaty partners) in 

Aotearoa. We acknoledge 1JƗL�7DKX��QDPHO\�1JƗL�7ǌƗKXULUL�5ǌQDQJD, as mana whenua of the 



 Glacial Research Project GEOG309 

Page | 4  

 

 

Introduction 
 

A landscape tells the story of its past through its 



https://data.linz.govt.nz/
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Current Land Use 
 

The Waimakariri basin has economic, environmental, and social importance. Its boundary 

encompasses the highly productive agricultural patchwork in the Canterbury Plains and extends 

up to the alpine highlands (Environment Canterbury, 2022). These intensive farmlands are 

scattered along the banks of the Waimakariri River (Environment Canterbury, 2022). A dominant 

feature of this landscape, the river holds an alpine braided river ecosystem whose headwaters begin 

WR�WKH�ZHVW�RI�$UWKXU¶V�SDVV��DQG�WUDYHOV�DFURVV�WKH�&DQWHUEXU\�SODLQV�WR�WKH�3DFLILF�2FHDQ�DQG�LV�

primarily fed by glacier runoff and snow melt (Snoyink, 2015). Braided rivers are a globally rare 

feature within an ecosystem and houses a plethora of endangered and rare species, and act as a 

host of biodiversity hotspots (Gray et al., 2006). This area is encompassed by the Cass Ecological 

District, which recognises that there are at least sixteen vegetation groups within this area 

https://koordinates.com/layer/754-doc-public-conservation-areas/)
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The basin provides access to WKH� KHLJKWV� RI� WKH� .Ɨ� 7LULWLUL� R� WH� 0RDQD� �6RXWKHUQ� $OSV�� and 

consequently acts as an important travel route for people. This includes traffic highways such as 

State Highway 73, which is considered a key transport route of major importance by providing 

inter-regional access to the west coast. (Environment Canterbury, 2016).  
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(accumulation), the glacier has a positive (negative) mass balance, the ELA will decrease 

(increase) in elevation, and the glacier will advance (retreat (Porter, 1975). The rate at which these 

changes occur, the flow, motion and velocity of a glacier, is primarily controlled by the glacier 

mass balance and the geometry of the glacier (as well as ice properties, valley geometry, bedrock 

conditions, sub-glacier hydrology, terminal environment) (Anderson & Mackintosh, 2006; Purdie 

at al., 2011).  

Figure 2 

Glacial Mass Balance 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note. The accumulation zone is at the top of the glacier and is where precipitation occurs. In this area, there 

are more gains than losses which creates a positive mass balance. The ablation zone is where melting occurs 

and has greater losses than gain. This area has a negative mass balance. The equilibrium line is where the 

gains equal the losses. 

When glaciers move downslope, there are resistive forces which mean the glacier will undergo 

internal deformation and basal sliding (Alexander et al., 2011). Internal ice deformation is when 

the internal ice crystals align themselves with the direction of movement and 
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Lower temperatures increase snow accumulation and contribute to positive glacial mass balances 

and advancement (Purdie et al., 2011). Interglacial periods are situated between glacial periods 

and are defined by warmer temperatures which cause glaciers to retreat (Bennett, 1990). This 

drives greater ablation rates and creates negative mass balances (Purdie et al., 2011). The coupling 

of glaciers with climate has seen these glaciers expand to cover large areas during periods of 

cooling and retract into the high mountains during periods of warming, over hundreds of thousands 

of years (Fitzharris et al., 1999). As earth has undergone these glacial and interglacial periods, it is 

the interaction of climate and topography of the glacier which has caused changes in mass balance 

which have controlled their ebb and flow across the landscape (Purdi 0 6128(t)-11(he)4( )-39(landsc)-792 792 re
W* n
BT
/F2 12 Tf
1 0 0 1 374.83 589.66 Tm
0 g
0 G
[( )] TJ
ET
Q
q
0.00000912 0 60 611 792 re
W* n
BT
/F2 12 Tf
1 0 0 14e-6(4 T.,Tf
1 0 0 1 374.83 589.66 Tm
0 g
0 G
[( )] TJ
ET
Q
q
0.00000912 0 603812 792 re
W* n
BT
/F2 12 Tf
1 0 0 1 374.83 589.66 Tm
0 g
0 G
[( )] TJ
ET
Q
q
0.00000912 0 6041.92 re
W* n
BT
/F2 11.040 0 Tf
;1 0 0 f
1 0 0 1 374.83 589.66 Tm
0 g
0 G
[( )] TJ
ET
Q
q
0.00000912 0 6070792 re
W* n
BT
/F2 11.04Fi5( R) 0 113.78 619.42 Tm
0 g
0 G
[(()-3(Fit)-7(z)9(har)-5(r)7(i)-4(s)] TJ
ET
Q
q
0.00000912 0 6512.3 792 re
W* n
BT
/F2 120 f
1 0 0 1 374.83 589.66 Tm
0 g
0 G
[( )] TJ
ET
Q
q
0.00000912 0 651512 792 re
W* n
BT
/F2 04 T18f
1 0eR)15(es)-3(e)9(ar)-5(ch)9( Pro)9(j)-4(ec)8(t)] TJ
ET
Q
q
0.00000912 0 6523 re92 re
W* n
BT
/F2 120 f
1 0 0 1 374.83 589.66 Tm
0 g
0 G
[( )] TJ
ET
Q
q
0.00000912 0 652612 792 re
W* n
BT
/F2 122.86 619.42 Tm
0 g
0 G
[(e)9(t)-4( )-21(al)-5(.)] TJ
ET
Q
q
0.00000912 0 65 6122 re
W* n
BT
/F2 11. -2 Tf
1 0 0 1 403.87 634.42 Tm
0 g
0 G
 0.12 Tc[(, )] TJ
ET
Q
q
0.00000912 0 612 792 57612 7W* n
BT
/F2 120 0 1 184.58 619.42 Tm
0 g
0 G
[(, )-10(1999))] TJ
ET
Q
q
0.00000912 97.892 57612 7W* n
BT
/F2 1219.42 Tm
0 g
0 G
[(e)9(t)-4( )-21(al)-5(.)] TJ
ET
3
q
0.00000912 0 612 57612 7W* n
BT
/F2 120 1 403.87 634.T
Q
q
0.00000912 0 612 792 re
W* n
Q
 EMC  /P <</MCID 0>> B3
q
0.00000912 22 792 551792 n
BT
/F2 11.04FTf
igu619.42 

et al.

. 



 Glacial Research Project GEOG309 

Page | 11  

 

climate was established. Of importance to glacial extents in New Zealand are the westerly winds 
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agriculture and culturally significant land, supplying the water needed to sustain large scale 

farming and the freshwater aquifers (Environment Canterbury, 2017). 

Glaciers in New Zealand feed the waterways used to power some of the largest hydro dams in the 

South Island, modifying stream flow down into the hydro dams' reservoirs, and moderating the 

levels of the feeder lakes. An example of such is the Waitaki Hydropower system, operating across 

eight hydro stations, encompassing Lakes Tekapo, Pukaki, Ohau, Benmore, Aviemore, and 

Waitaki (Figure 7) (Martin, 2010). The accumulation of glacial melt is transported to the Lake 
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Figure 7 

Waitaki Glacier-fed Hydroelectric System in the Southern Alps of New Zealand. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Note. Adapted from LINZ Data Service, by 

2. 

https://data.linz.govt.nz/
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Methodology 
 

The project objective was to create a storyboard on the land-forming processes within the 

Waimakariri basin that were highly accessible, using research methods that best suited the project. 

This was approached through secondary literature synthesis of mixed-form research and data. This 

approach was a result of limited resource parameters and the available literature. Secondary data 

allowed for otherwise impractical large-scale, high-quality analysis; however, consequential 

interpretation must account for the variability of methodology and results (St Martin & 

Pavlovskaya, 2010).  

Preliminary research analysed 25 articles to assess the state of the literature in the area. Detailed 

subtopic reviews, as found in the µLiterature 
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Interpretation and finalisation of the data following cleaning is arguably the most critical stage of 

the analysis and project, including manipulation and visualisation. To properly visualise glacial 

extents and the attributed land-forming processes, the drawing of each extent was manually 

completed through Google Earth and MOVE, utilising basin modelling as the primary technique. 

This, however, raised the issue of elevation inaccuracy, with the 3D extents misrepresenting the 

actual height of the glacier at specific points throughout the Waimakariri catchment. An example 

of this was in the Cass Basin, where the model showed extents exceeding their actual limits, 

disregarding how glaciers deform given changes in the surrounding environment. Hence, post-

modelling, manual corrections were completed to align with varying research. Upon completion, 

the finalised extents were imported into ArcScene, QGIS, and ArcGIS Storyboard to create maps, 
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other hand, dendroclimatology and palynology provide more exact measurements and estimates 

of paleoclimate and vegetation in a specific time. Dendroclimatology research has offered a 

general estimate of the previous paleoclimate dated 300 years by dating native flora; nevertheless, 

vegetation-specific research is significantly impeded by plant loss events such as glacial advance 

and its subsequent regeneration. Furthermore, given the diversity in results, the limited research 

on the Waimakariri limits each dating method's reliability. Finally, it is crucial to note that 

radiocarbon dating techniques are now considered the most accurate for paleoclimate modelling 

and assessment; nonetheless, vegetation-based research methodologies are still feasible as 

supplementary resources. 

Effective Communication of Earth Science to the Public through Geospatial Visualisation 

In the last few decades there has been a focus on researching the inclusions of interactivity. This 

has shown there is a retention of information and engagement seeing a shift from static to dynamic. 
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Applications of Machine Learning and/or AI techniques for Paleoclimate Analysis 

There have been several different approaches to methods in recent years all indicating that there 

are strengths and weaknesses to each approach due to this being relatively new there is not much 

information out there yet, but all show promising results with Machine Learning and Artificial 

Intelligence improving constantly. There are several problems though 2 that seem the most 

common is not knowing what is happening so very little human input and/or change, and 

computing power. 

Glacier Extents of the Upper Waimakariri 
 

The extent of a glacier and the landforms that it creates are inherently linked 

  

https://doi.org/10.1016/j.epsl.2015.07.033
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Figure 8 

https://data.gns.cri.nz/csigg/map.html.
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Figure 10 

Blackwater and McGrath Advance Extents Seen in the Upper Waimakariri Basin Using Rother et al. 

(2015) Data, Visualised Through Georeferencing. 

Note. Adapted from Surface exposure chronology of the Waimakariri glacial sequence in the Southern 

Alps of New Zealand: Implication for MIS-2 ice extent and LGM glacial mass balance, by Rother et al., 

2015. (https://doi.org/10.1016/j.epsl.2015.07.033).  

Figure 11 

https://doi.org/10.1016/j.epsl.2015.07.033


https://doi.org/10.1016/j.quascirev.2018.12.020
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Moraines  

 

Moraines are formed from the material that is deposited by a glacier, including rocks and boulders 

that come down from the glacier as it melts. Longitudinal or terminal moraines are those which 

mark the limit of the glacier (Figure 13) (Shulmeister, 2017). These are often formed from material 

that has been pushed in front of a glacier that is advancing or one that is stationary (Shulmeister, 

2017). These are commonly large, impressive features which tend to dominate the landscape. In 

New Zealand however, as discussed previously, terminal moraines are often small and of the 

subdued nature (Shulmeister, 2017). Remnants of terminal moraines, as the glacier retreats into 

the valley, are pictured in Figure 14. Lateral moraines form along the side of a glacier (Figure 13). 

It is formed from mass wasting of deposited debris in the accumulation area, as the glacier tears 

off rock and debris from the sides of its path. This is then transported to sit between the glacier 

and the valley (the flank of the glacier) (Shulmeister, 2017). These are often tens of meters high, 

steep-sided, and is well-preserved as it will remain as high rims of valleys as the glaciers melt 

(Shulmeister, 2017).  

Figure 13 

 

Moraines 

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note. Moraines are formed from glacier debris, and can be defined as terminal, lateral. Supraglacial 

moraines are presented in this diagram but not known to have been present in the Upper Waimakariri. 

 

 

 





 Glacial Research Project GEOG309 

Page | 27  

 

 

 

Figure 15 

 

Outwash Plains 

 
    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note. Outwash plains are built from the deposition of previously trapped material, to beyond the terminal 

of the glacier driven by a melting glacier and transported by braided river systems.  
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Figure 16 

 

Outwash plain emerging from the Waimakariri River. 

Note. Obtained from Google Earth (n.d.). This image shows the fan-shaped outwash plains, transported 

through sedimentary deposition as a result of glacial activity. Retrieved 10/10/22.  
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Kettle Holes 

 

Kettle holes are fluvioglacial landforms formed by blocks of ice separating from the main glacier, 

after they detach, they become partially or fully buried in the soil/sediment. The blocks of ice 

proceed to melt, leaving a depression which often fills with water to become kettle hole lakes, as 

seen in Figure 17 (Department of Conservation, n.d.-b). The Upper Waimakariri catchment has 

evidence of kettle holes, primarily in the Cass Basin, as shown in Figure 18. The kettles separating 

from the terminus of the glacier 
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Figure 19 

Truncated Spurs 

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note. Truncated spurs formed by glacier movement. 
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Figure 20 

 

Truncated spurs in the Waimakariri. 

 

Note. Obtained from Google Earth 
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Data Analysis 
 

This project uses secondary research, primarily proxy data, to reconstruct glacial extents and to 

understand land-forming processes. One of the foundational pieces of research used in this project 

was Rother et al. (2015). This uses Beryllium-
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Approaches Taken Towards Understanding 
 

Glaciology in and of itself, and more specifically within the Waimakariri, is constantly evolving, 

as is the nature of science. µGood¶ science perpetually improves upon itself, disregarding and 

strengthening old findings and hypotheses as it goes (Armstrong & Green, 2022). Because of this 

inherent uncertainty, research, methods and areas of importance vary considerably amongst 

paleoclimatic and glaciological researchers. This leads to different schools of thought, which acts 

to create both synergistic and contended perspectives within literature. The complexity of 

glaciation in combination with various methodologies and perspectives of importance, means that 
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recognition for spatially variable climatic differentials. Despite this, both models produced similar 

results for total ice volume km3 which shows consistency across methods.  

https://doi.org/10.1016/j.quascirev.2019.06.035)
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Figure 22 

Elevation Map of the Waimakariri 

 

Note. Elevation map of the Upper Waimakariri showing the approximate outlines of the disestablished 

https://doi.org/10.5194/egqsj67-25-2018
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Several glacial moraines in the Bealey Valley have be
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