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Abstract

Reconstructing debris transport pathways on constructional ridges:

Wahianoa Glacier, Mt Ruapehu

Stephanie Mandolla

It is generally accepted that Mt Ruapehu, Tongariro National Park, New Zealand, was
heavily glaciated during the Pleistocene. Eight small glaciers can still be found on the
summit of this active volcano. However, the glaciers have been retreating at a fast rate
during the last few centuries. The scientific community has placed its main focus on the
volcanic aspects of the region. Although most authors refer to the landforms that appear
to be of glacial origin as ‘moraines’, no actual glacial studies have been undertaken so far

to provide the necessary evidence that is needed to support this hypothesis.

The aim of this study is to use established field techniques in glacial geomorphology to
(1) identify the extent of glacial deposits using diagnostic criteria and (2) to reconstruct
the transport pathways of the Wahianoa Glacier. Four main diagnostic criteria have been
used: clast morphology, macrofabrics, grain size distribution and the surface texture of
grains. The Wahianoa valley has a very pronounced U-shape and is likely to be of glacial
origin. The valley consists of two elongate debris ridges that are made out of

unconsolidated, poorly sorted diamict of varying lithologies.

This study has identified that the activity and the composition of the volcano has lead to
complex glacial processes. Glacial ice has advanced over a deformable bed and the
glacier itself was probably extensively covered by supraglacial debris. The area has been
identified as a pre-historic pathway for lahars and the volcano erupts frequently to
produce fresh volcanic deposits. As the active vent has changed its position during the
eruptive history of the volcano, the quantity and the location of the source rock that fed

the glacier has varied greatly. This study is an initial attempt at unfolding the glacial
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history of Mt Ruapehu. This is based on field analysis of glacigenic sediments, rather
than topographic and aerial photo analysis. The results show great complexity and the

potential for further studies of other moraine systems on Mt Ruapehu.



v

ACKNOWLEDGEMENTS

I extend my sincere thanks and appreciation to my supervisor, Dr Martin Brook, for the

support and feedback given throughout the year.

I wish to thank Dough Hopcroft, for the help with the SEM analysis.

Special thanks to John Procter for giving his permission to reproduce some of his

findings.

I also like to thank Dr Bernd Striewski for his help with the sedigraph analysis.

Many thanks to David Feek for the help and organisation of field and laboratory

equipment.

I also wish to thank my family for their unfailing support and understanding.

Lastly, I would like to thank Erin Nolan for the many hours we have spent together in the

field and for helping to make Ohakune an exciting place during the summer months.

skt stk skoskok skok



\Y

TABLE OF CONTENTS

ADSITACT. .o e e e II

ACKNOWIEAZEMENL. . ...ttt v

Table Of COMEENLS. ... ..ttt \Y%

35 A ) e X

LSt Of Tables. .. ...uen i XIV
Chapter 1

INErOAUCHION. . ..ot e 1

LI MERUAPENU. ... 1

1.1.2 The present day glaciers of Mt Ruapehu..................coooiiiii. 1

1.1.3 Former Glaciation on Mt Ruapehu.................ooo 2

LR @ 101101 5 4

L3 StUAY ATCa. ...ttt 6

1.3.2 Wahianoa GlaCier. ..........ooiuiiiii e 6

1.3.3 Wahianoa Valley.........coiiuiiiiiii e, 6

1.3.4 The morphology of the Wahianoa Valley.......................co. 9

1.3.5 Lahars on Mt Ruapehu...............coooiiiiiiii e, 10

1.3.6 Lava flows and tephras on Mt Ruapehu......................coo. 12

1.3.7 The Wahianoa Formation................cooiiiiiiiiiiiiiiiiiiiiincineen, 14

1.5 Outline of the thesIS.........oouiiiiiii e 18
Chapter 2

Literature ReVIEW.......oouiiuiiii i 19

2.1 Glacial Studies on Mount Ruapehu.................oo 19

2.1.2 INErOdUCHION. .. e ettt 19

2.1.3 Early observations of the glaciers on Mt Ruapehu........................... 20

2.1.4 Early theories of extensive glaciation in New Zealand...................... 20

2.1.5 Glacier fluctuations on Mt Ruapehu ..., 25

2.1.6 Photographic studies of glacier fluctuations on Mt Ruapehu............... 27

2.1.7 The first study of glacial moraines on Mt Ruapehu........................... 29

2.2 The Glacier Chronology of New Zealand...............c.ccooiiiiiiiiiiiiniinn. 29



VI

2.2.2 Glaciers and climate-the use of ELAS..............coocoiiii, 30
2.2.3 Glaciers and climate-the use of moraine sequences................c.oeeuue. 31
2.2.4 Glacial chronology.........o.ovuiiiiiiiiii 32
225 The Little Ice Age...ovvniiniiiii e, 34
Chapter 3
DEbIIS 1N TANSPOTL. .o .vt ettt ettt ettt et et et e e e e e e e e eree e 36
3.1 The Glacial SYSteM......ouiinit i aeaaaas 36
3.1.2 The formation of glaciers............ooevviiiiiiiiiiii e, 36
3.1.3 The mass balance of a glacier..............c.oooviiiiiiiiiiiia 36
314 Glacier floOW. . ..ouiiei i 37
3.1.4.1 Internal Deformation..............coooiiiiiiiiiiiiiiiiiieee 39
3.1.4.2Basal SHAING. ...c.vneini i 40
3.1.4.3 Subglacial Deformation.............ccooeiiiiiiiiiiiiiiie e, 42
3.2 Processes involved in glacial tranSport...........c...cooooviiiiiiiiiiiiiiiiiiiiie 43
3.2.2 Glacial ErOSION. ... .uenttitt it 43
3.2.2.1 ADIaSION. .. cnttitt et e 44
3222 PIUCKING. ..ot 47
3.2.2.3 MeltWater @TOSION. .. .. .uutint ettt 48
3.2.3 Glacial entrainment and tranSPOIt..........o.eviueeiieieeeeiieneenneenanne 49
3.2.4 High-level Transport ZONE. .. ......oueeuueenueieiiiieiienieaeeneeaennen 50
3.2.5 Low-level Transport ZONE. .......ooueeuueenueiteiententeneeneenieenennnn 51
3.2.6 Clast MOdifICatION. .. ..o.uetiit ittt 52
3.2.7 Lateral MOTaInes. .......oouvuuiiititiit i 54
3.3 Debris transport of the Wahianoa Glacier.................coooiiiiiiiiiiiinn. 56
Chapter 4
Clast MOTPROIOZY .. ...t e 57
A1 INErOUCHION. .. ettt e 57
4.1.2 Previous studies in clast morphology...........c.ccovviiiiiiiiiiiiiiinnnnn.. 57
4.2 Clast SNAPE. . .o eeeete e 59
A3 ROUNANESS . ... ettt e e 61

4.4 MethodOolOgY . .....uieii e 63



VII

4.4.2 Data COlECTION. ...ttt e 63
4.4.3 Data analySiS. ...uuenuintt e 67
4.5 Results-Clast MOrphology........oouuiiiiiiii e 67
4.0 SUIMNMATY . ..ottt et ettt e et e et et e e e enn 74
Chapter 5
Fabric analysis Of Clasts.........o.uiiiiii e 76
ST INrOUCHION. .. eeee e 76
S5.1.2 Previous StUAIES. .. ..euentet it 76
5.2 MethOdOIOZY ... .t 79
5.2.2 Sampling ProCedure. .......uvuueintei i 81
5.2.3 Data analysiS. . ...ueenuiineii i 83
5.3 Results-MacrofabriCs. . .....ooueieiii 85
5.3.2 Wahianoa debris ridges. ........coiueiitiiiiii i 85
5.3.3 Small debris lobes-western ridge............c..cooeiiiiiiiiiiiiiii 89
5.3.4 Small debris lobes-eastern ridge. ..........cooeiviiiiiiiiiiiiii e, 89
5S4 SUMMATY . ..ottt e e et 91
Chapter 6
Grain-size diStrIDULION. . ....ueiei e 92
6.1 INtrodUCHION. ...ttt 92
6.1.2 The phi sCale......ouiineii i e 93
6.1.3 Statistical measures used in grain-size analyses............c..cevveeveennn.. 94
6.1.4 Previous StUAIES. .....o.vintit ittt 95
6.2 MethOdOLIOZY ... .ottt e 99
6.2.2 Sample COllECTION. ... ..o.viuiiiiii i 99
6.2.3 Sample preparation. ... ....o..eeue ettt i 99
6.2.4 Analysing sedimentary data...........c..coviiiiiiiiiiiiiii 102
6.3 Results-Grain-size distribution..............oooiiiiiiiiiiiiiiiiiieea, 103
6.3.2 The results for the eastern ridge............cooeviiiiiiiiiiiiiii e, 106
6.3.3 The results for the western ridge.............cooceviiiiiiiiii i, 106
6.3.4 The results for two samples from the base close to the glacier............ 107

6.3.5 The results from two outcrops from each ridge......................oee 110



VIII

6.3.6 The results from a small lobe on the eastern ridge.......................... 113
6.3.7 Statistical analysiS........ooueiuiitii i 114
6.4 SUMIMATY . ..ottt et et et et e e e 115
Chapter 7
Micromorphology of surface grains.............ooeviueiiiiiitiiitiiiiii i eieaiaeanans 116
T 1 INErOAUCHION. ...ttt 116
7.1.2 Previous StUAIES. .. ...euueeiteit it 117
7.2 MethOdOIOZY ... .ttt 121
7.2.2 Sample Preparation. ... ....o..ee.ueeetertea e 121
7.2.3 TMAage analysiS. . ....ueuueet it 123
T3 RESUILS. .o, 124
732 AllMINETalS. ....ooneiii e 124
7.3.3 Magnetite MInerals...........co.oiuiiiiiiiiiiiiiiiiiiii e 128
T4 SUIMMATY ..ottt e e e e 129
Chapter 8
DISCUSSION. . ..ttt 132
8.1 INtrOAUCHION. ... e et e 132
8.1.2 The transport pathways of the Wahianoa Glacier........................... 132
8.1.3 Supraglacial debris............oviiiiiiiii 133
8. 1.4 Ice flow VEIOCILY ... 134
8.1.5 Subglacial deformation.............ccoovviiiiiiiiiiiiiii e 134
8.1.6 Chemical eroSion..........couviiiiiiiiiii i 136
8.1.7 Possible age of the lateral moraines..............cooceviiiiiiiiiiiiiiennnn. 136
8.1.8 Volcanoes and GlaCiers. ..........oovueiiiiiiiiiiiiiiii e 140
8.2 Clast MOTPhOLOZY ... ..entii e 143
8.2.2 Co-variance for the lateral moraines...............c.ocoveiiiiiiiinnen.. 143

8.2.3 Co-variance for base samples, maximum moraine and a small lobe

of the Western rid@e. .......oovevniiiiii e, 144
8.2 DISCUSSION . ¢« e ettt ettt ettt 145
IR - 163 (01 221 0) 4 (o1 TN 146

8.3.2 DiScuSSION Of TESULLS. ..o vttt 146



IX

8.3.3 Glacier OVerflow.........oooiiiiiiiiiii i 147

8.3.4 Problems with method.................c i 149

8.3.5 Mean direction of Clasts............ooiiiiiiiiiiiiiiiiiii 150

8.4 Grain-size diStribULION. .......uietit et 150

8.4.2 Ternary diagram of the sand/silt/clay ratios...............coovviviinnennn... 151

8.4.3 MEAN VS SOTTINE. .. uttenttett et et ettt e e e e et e e e e e aeeaeenas 153

8.5 SEM analySiS. .. ouuinttinttitt ettt 154
Chapter 9

CONCIUSIONS . .« ettt e 156

0.1 Objectives-ReVisted. ... ...ovuuiiniiii e 156

9.1.2 Evidence for glacial activity.........cooeiiiiiiiiiiiiiiiiiiii e 156

9.1.3 The reconstruction of the transport pathways of the Wahianoa Glacier..156

9.1.4 The implications of an active volcano on a glacial system................. 158

0.1.5 CONCIUSIONS. ... ettt e 158

9.2 Future Research Opportunities. ..........covueviuiiiiiiiiiiiii i 159

9.2.2 Tephrochronology............oiuiiiiii i 159

9.2.3 Optically stimulated [uminesCence. ...........ocvuevueiiiiiiiiiiiiniinnan.e 159

9.2.4 The use of magnetite for the SEM analysis of microtextures.............. 160

REFERENCES. ... 161



X

LIST OF FIGURES
Figure 1.1: Plain view of the summit area of Mt Ruapehu..........................conl. 2
Figure 1.2: Distribution of glacial moraines. ..............ooeiiiiiiiiiiiiiiiiiie e, 3
Figure 1.3: The Wahianoa Valley, Mt Ruapehu..................coooiiiiiiiiiii, 5
Figure 1.4: The retreat of the Mangaehuehu Glacier....................oco, 6
Figure 1.5: Evidence of glacial activity on Mt Ruapehu....................oo 7
Figure 1.6: Sketch map of the Wahianoa Valley showing Tufa Trig Station................. 8
Figure 1.7: The height of the debris ridges of the Wahianoa Valley.......................... 9
Figure 1.8: Cross-sections of the Wahianoa Valley..................... 10
Figure 1.9: Lahar hazard map...........ccoeiiiiiii e 11
Figure 1.10: Lava flows and columnar JOINtNG.........c.oveiiniiiiiiiiiiiii e, 12
Figure 1.11: Distribution of the formations of cone building events......................... 13
Figure 1.12: The Rangipo Planeze and its geological units...................cooviiiininnnn. 16
Figure 1.13 Stratigraphy of the Rangipo Planeze......................oooiiiiiiiiiiiiiiin, 17
Figure 1.14: Volcanic diamiCton...........coutitiiiitii e 18
Figure 2.1: Early eXploration Party...........oeuuevuueintennieitente et eeenaen 19
Figure 2.2: Geological sketch-plan showing position of glacial till.......................... 21
Figure 2.3: Sketch map of Hautapu Valley............coooiiiiiiii 22
Figure 2.4: Andesite erratic With SIriae............o.oiuiiiiiiiiiiiiiiii e 23
Figure 2.5: Sketch map Whakapapa Glacier................cooooiiiiiiiiiiii 26
Figure 2.6: Temperature and rainfall data at Chateau Tongariro 1954/1955............... 26
Figure 2.7: Whakapapanui Glacier and Whakapapaiti Glacier............................... 27

Figure 2.8: Photographic documentation of the changes of the Whakapapanui Glacier...28

Figure 2.9: Average temperature variations for New Zealand for the last 25k yrs.........30

Figure 2.10: The “sloping model”.........ooiiiiiiii e 31
Figure 3.1: Schematic cross section of a typical valley glacier............................... 37
Figure 3.2: Theoretical velocity variations within the Wahianoa Glacier................... 39
Figure 3.3: Longitudinal diagram of a glacier.................coooiiiiiiiiiiiiiiii i 41
Figure 3.4: Crevasse patterns in a valley glacier.................oooooiiiiiiiiiiiiiii 41
Figure 3.5: Deformable bed model................o 42

Figure 3.6: Girdlestone Peak has been sculpted into a glacial horn.......................... 45



XI

Figure 3.7: Schematic presentation of a glacier in motion.................cooeeviiiiiinnn.. 45

Figure 3.8: Theoretical graph showing the relationship between abrasion and

JOdEMENL. ... 46
Figure 3.9: The transport pathways of debris through a valley glacier...................... 51
Figure 3.10: Modification of clast shape during glacial transport............................ 52
Figure 3.11: Variations in clast morphology with distance..................coovviiiiiininnnn. 53
Figure 3.12: The formation of lateral moraines by dumping of supraglacial debris....... 54
Figure 3.13: Schematic internal stratigraphy of large lateral moraines...................... 55
Figure 4.1: The three orthogonal axes of aclast..............oviiiiiiiiiiiiiiiiiiiin, 60
Figure 4.2: A ternary diagram where c/a is plotted against b/a and a-b/a-c................. 60
Figure 4.3: Co-variance diagram of control samples.............c..cooieiiiiiiiiiiiiinnn.. 61
Figure 4.4: Visual images of clast roundness..............c.ooiiiiiiiiiiiiiiiiiiiiinnnnn. 62

Figure 4.5: Flow diagram illustrating the field procedures used for clast morphology....63

Figure 4.6: The measurement of the a-axisof aclast...............ccoooiiiiiiiiiin, 64
Figure 4.7: Determining the roundness of a clast................ccooiiiiiiiiiiiiiiin, 65
Figure 4.8: Schematic map of the Wahianoa debris ridges.................oooiiiiiii 66
Figure 4.9: Clast morphology results for the Wahianoa debris ridges....................... 68
Figure 4.10: Clast morphology results for the Wahianoa debris ridges..................... 69
Figure 4.11: Wahianoa River floodplain...............ocooiiiiiiiiiiiiiiii e, 71
Figure 4.12: Accumulations of megaclasts on western ridge..............c.cevviieinnn... 72

Figure 4.13: Erratic boulders found at the distal end of the second lobe on western

8 6 £ 73
Figure 4.14: First channel on the western ridge looking up-valley........................... 75
Figure 4.15: First channel on the western ridge looking down-valley....................... 75
Figure 4.16:First channel on the western ridge looking northwest........................... 75
Figure 5.1: A-axis fabrics inaflute..............oooiiiii 78
Figure 5.2: Fabric data from individual clast-size fractions................c.oooiiiiiinn 79
Figure 5.3: Sampling sites and density contours of till clasts fabrics........................ 80
Figure 5.4: Flow diagram of field procedures..............oooiiiiiiiiiiiiiiiiii e, 81
Figure 5.5: Method for fabric analysis..........ccooiiiiiiiiii e, 82

Figure 5.6: An example of a rose diagram produced with Oriana............................ 84



XII

Figure 5.7: Macrofabrics results for the debris ridges..........c.oooviiiiiiiiiiiiiiine, 86
Figure 5.8: Sketch map of the Wahianoa valley debris ridges.....................c.ooii 87
Figure 5.9: Rose diagrams showing all declinations and mean orientations................ 88
Figure 5.10: Macrofabrics results for various deposits...........c.oevveiviiniineiiennnne 90
Figure 6.1: Graphs illustrating a multi-modal distribution....................cooiieL. 97
Figure 6.2: Flow diagram of field and laboratory procedures..................c.cooeviiininen. 98
Figure 6.3: Locations of transects used inresearch................ccooeviiiiiiiiininenn... 100
Figure 6.4: A Sieve SNaKeT.........c.oviiiiii e 101
Figure 6.5: Grain-size distribution on arithmetic and logarithmic scales.................. 102
Figure 6.6: Cumulative curve of eastern ridge...........ooeviviviiiiiiiiiiiiiiiiiianen, 104
Figure 6.7: Histogram of individual weight percent of eastern ridge....................... 104
Figure 6.8: Cumulative curve of western ridge..............cooeiiiiiiiiiiiiiiiiinn 106
Figure 6.9: Histogram of individual weight percent of western ridge...................... 107
Figure 6.10: Cumulative curve of two base samples...........c.oooviiiiiiiiiiiiiiin. 108
Figure 6.11: Histogram of individual weight percent of base samples..................... 108
Figure 6.12: Cumulative curve of cutting section on eastern ridge......................... 111

Figure 6.13: Histogram of individual weight percent of cutting section eastern ridge...111
Figure 6.14: Cumulative curve of cutting section on western ridge........................ 112
Figure 6.15: Histogram of individual weight percent of cutting section western ridge..112
Figure 6.16: Cumulative curve of distal end of eastern ridge................covvevveinne.. 113

Figure 6.17: Histogram of individual weight percent of distal end of eastern ridge......114

Figure 7.1: Glacial micro-morphological textures on quartz grains........................ 117
Figure 7.2: Frequency plots showing microtextures of till grains........................... 118
Figure 7.3: Frequency plots of occurrence of different microtextures..................... 120
Figure 7.4: Thin section showing microtextural data................c..ccooeiiiiiiiiiin. 121
Figure 7.5: Flow diagram of field and laboratory procedures...................c.oocoueene. 122
Figure 7.6: SEM micrographs of ash grains................ccooiiiiiiiiiiiiiiii e 124
Figure 7.7: Typical micro-morphological textures found on all grains..................... 126
Figure 7.8: Typical micro-morphological textures found on all grains..................... 127
Figure 7.9: Frequency plot of types of microstructures identified in all minerals.........128

Figure 7.10: Frequency plot of types of microstructures identified in magnetite......... 129



XTI

Figure 7.11: Typical micro-morphological textures found on magnetite.................. 130
Figure 8.1: The Wahianoa Glacier and supraglacial debris.....................ocooa. 133
Figure 8.2: The Whangaehu and Mangaturuturu lahars during the 1969 eruption........ 135
Figure 8.3: The location of tephra beds found in the study..................c.ooiian. 137
Figure 8.4: Cross-section through the western moraine................coooeevviiiennnennn.. 138
Figure 8.5: Tephra deposits found in the study...............coooiiiiiiiii . 139
Figure 8.6: The distribution of the Te Heuheu Formation.................................... 142
Figure 8.7: Co-variance diagram of the lateral moraines.................c.ccooveviiiin.n. 144
Figure 8.8: Co-variance diagram of various samples.............c.ccovviiiiiiiiiiiiiinnnnn. 145
Figure 8.9: Round clasts on western ridge............oveiiiiiiiiiiiiiiiii e, 146
Figure 8.10: Large boulder...........oouoiiiiiiii e 148
Figure 8.11: Large boulder showing post-depositional welding............................ 148
Figure 8.12: Problems encountered when measuring inclinations.......................... 149
Figure 8.13: Mean dir€CtioNS. ... ..oouuiiutiit it et 150
Figure 8.14: Grain-size distribution of the lateral moraines................................. 151
Figure 8.15: Grain-size distribution of various samples..............cccvviiiviiiniinn... 152
Figure 8.16: Ternary diagram showing sand/silt/clay ratios...............ccooevieienann... 153

Figure 8.17:

Scatter diagram showing mean plotted against SOrting........................ 154



Table 2.1:
Table 4.1:
Table 5.1:
Table 5.2:
Table 5.3:
Table 5.4:
Table 6.1:
Table 6.2:
Table 6.3:
Table 6.4:
Table 6.5:
Table 6.6:
Table 6.7:

X1V

LIST OF TABLES
Correlation of NZ late Pleistocene glacial and interglacials..................... 32
Descriptive criteria for clast roundness categories..............ocoevvueinininnnnn. 62
Basic statistics of clast fabrics on eastern ridge...................coo 85
Basic statistics of clast fabrics on western ridge.............ccoeiiiiiiiii... 85
Basic statistics of clast fabrics of small lobes on western ridge.................. 89
Basic statistics of clast fabrics of a small lobe.....................o.oo. 89
Methods of measuring sediment grain-size.............occeveeiieeieeeinennnnnnn 93
Particle size conversion table and nomenclature....................c.oooi 94
Statistical formulae used in the calculation of grain-size parameters.......... 103
Statistics and qualitative descriptions for eastern ridge.......................... 105
Statistics and qualitative descriptions for western ridge......................... 105

Statistics and qualitative descriptions for cutting section on eastern ridge....109

Statistics and qualitative descriptions for cutting section on western ridge...109



