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ABSTRAOT 

A study of the glacial geology and present and 

past snowlines of tributaries to the Waimakariri River, 

South Island, New Zealand, has yielded a glacial 

chronology from late Pleistocene times up to the 

present day. 

Three advances of the ultimate (Otiran) Pleistocene 

glaciation were recognized and named the Kowai, Porter 

and Tims stream advances. Ice limits were established 

for an early Holocene (McGrath) advance'and for three 

following Neoglacial ice resurgences, named Arthur's 

Pass, O'Malley and Barker advances. 

Moraine-headwall and area-altitude methods were 
-

used to compute past snowline e~evations from which 

snowline surfaces have been constructed o Compared 

with the present snowline, depressions of up to 970m for 

the Pleistocene, 480m for the McGrath advance and 400m, 

300m and 200m for the Neoglacial events are indicated .. 

Isopleth maps of the snowline surfaces show a steep 

upward gradient towards the east, with strong 

topographically-induced irregularities superimposed 

upon this pattern. 

Weathering rind studies on surface boulders of 

the Holocene deposits showed a systematic increase in 

thickness with increase in age~ Radiocarbon dates with 

rind thicknesses from landslide deposits provided the 

basis for a rind thickness growth curveo This curve 

Was Used to age and correlate the glacial events. 
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]?arallelism of the different snowline surfaces 

sUggests that climatic patterns remained similar through­

out the Holocene. Early Holocene deposits suggest a 

cool wet period between the Tims Stream and McGrath 

events, while a number of rock glacier depo ts indicate 

a cool drier climate for the beginning of the Neoglacial 

advances. 

3 
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CHAPTER I 

INTRODUCTION 

(1) Descr~ption of the Area 
2 This study covers an area of over 2,000 km t 

constituting a greater part of the catcbment area of 

the Waimakariri River, South Island, New Zealand~ 

N .. Z .. M .. S .. 1 t.opographic map series covers the area 

at a scale of 1:63360, on sheets S58, 859, 866 and 874. 

The area studied includes part of the Waimakariri 

River watershed~extending from the foothills up to 

the main divide south. of a boundary formed by the 

Waimakariri and Poulter Rivers and the Poulter Rangeo 

The north-eastern part of the Poulter River watersed, 

together with the whole of the Esk River watershed, 

was not included in the study area, because of poor 

access and the complexity of the glacial deposits there <II 

The portion of Arthur's Pass National Park lying 

east of the main divide is included in the study area. 

The region is sparsely populated, having only 

the one township of Arthur's Pass, but good access is 

afforded by both the Christchurch-Kumara main highw~ 

and the Christchurch-Greymouth railway, which pass 

thro~gh the area. Apart from these two means of access, 

there are few other roads, making foot travel necess~ 

over much of the country. 

The highest.peaks rise to 2,200m in the north­

western sector of the area, and the ranges descend to 

elevations of 1600m in the northern sector. The present 
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glaciers are restricted to a limited area among the 

highest peaks. These ~ew dozen small glaciers, 

glacierets and snow patches are wasting remnants of 

former, more extensive areas o~ ice, ~ollowing the 

considerable glacial recession which has occurred over 

the past half century. The largest of the glaciers 

6 

in the area, the White, Marmaduke Dixon and Crow Glaciers, 

range in length frOID 1.1km to 107km. 

Tributaries ~rom the main divide drain through 

narrow, glaciated and frequently gorged streams, into 

the wide, alluvium-filled valleys of the Waimakariri 

and poulter Rivers. Below its confluence with the 

poulter River, the Waimakariri River is confined by 

dee,p gorges as it passes through the foothills between 

the Torlesse and Puketeraki Ranges, before discharging 

eastwards onto the Canterbu~ Plainse The subsidiary 

Craigieburnand Torlesse Ranges, which reach elevations 

of up to 1800m, drain through the extensive terraced 

alluvial fill in Castle Hill Basin before joining the 

Waimakariri River at its confluence with Broken Rivere 

A continuous cover of beech forest (Nothofagus sE.) 

clothes the ranges up to the tree line at approximately 

1,200m, in an almost continuous cover for some 10km 

to 15km east of the main divide. Further eastward from 

this margin the forest cover gives w~ in discontinuous 

patches to the tussock grassland, scrub and scree of the 

remainder of the region. 

(2) Present climate 

The present climate of the area is governed by 

the regular procession of anticyclones and troughs of 



PLATE 1 

Winter aerial photograph of Arthur's 
Pass area . Mt Rolleston (2271m), centre 

background and Black Range in the foreground. 

PLATE 2 

Castle Hill Basin, showing part of 
the Craigieburn Range and terraced basin floor . 

Tertiary limestone outcrops in foreground. 
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loW pressure moving on to the country from the Tasman 

Sea to the west. A strong fohn effect is generated 

by the Southern Alps I lying across the path of the 

prevailing westerly winds, thus creating a steep 

eastward preoipitation gradiento There is a rapid 

decrease in mean annual precipitation from 5,072mm at 

otira, west of the main divide, to 3,952mm at Arthur's 

PasS, 1,275mm at Cass, 912mm in Castle Hill Basin and 

?oOmm on the east coastal margin" Al though westerly 

winds prevail, easterly, and in particular, southerly 

winds can be important sources of snow in the foothils 

areas. Rainfall is distributed evenly throughout the 

year .. 

(3) Basement rocks 

The basement rocks of the area are almost 

entirely sandstones and siltstones of the Torlesse 

super-group. This faulted, folded and closely-jointed 

triassic rock contains occasional inclusions of cherts 

and igneous rocks. Isolated outliers of infolded 

and aulted Cretaceous and Tertiary rocks occur in 

Castle Hill Basin and in other small areas. 

(4) Pren ous work . 
Five distinct periods of Pleistocene ice advance 

in the Waimakariri Valley have been described by Gage 

(1958), and subsequently by Gage and Suggate (1958), 

Suggate (1965), where these events have been related 

to other New Zealand Pleistocene ice advances. 

Earlier discussions on glacial activity in the area 
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include Haast (1879), Hutton (1884), Gudex (1909) 

and Speight (1916, 1917, 1935, 1938). These 

9 

discussions contain little mention of the post-Pleistocene 

glacial events, apart from noting the presence of 

Holocene moraines and existing glaciers at the headwaters 

of the Waimakariri River. An early identification of 

moraines on the summit of Arthur's Pass was made by 

Dobson in 1865, and Speight (1938), mapped a small 

number of moraines in the Waimakariri headwaterso 

No systematic studies of past or present 

snowlines have been made in the area, and the few that 

have been made elsewhere in the Southern Alps' include 

the past snowline estimates made by Willett (1950), and 

Porter (in press). A number of studies of New Zealand 

Holocene glacial sequences has been made, most of which 

emphasise the more recent glacial events, and few have 

been on a sufficiently large regional scale to include 

a full sequence of Holocene ice advances. The more 

recent of these studies include those of McGregor (1967), 

on Ben Ohau Range, Waitaki Catchment; Burrows (1971), 

Mt Cook area; Wardle (1973), West Coast; Burrows 

(1973), the Arrowsmith Range and Burrows (in press), 

Rakaia River headwaters area. 

(5) Objectives of the study 

The cirques and their associated moraines in the 

Waimakariri River Catchment offered an opportunity to 

establish a Holocene glacial sequence for the region 

which would follow on from the Pleistocene glacial 

history of the area published by Gage (1958). By studying 



tbe past snowlines on a regional scale, on the evidence 

from cirques and moraines, snowline trend surfaces may 

be established for each glacial episode. By extension 

of this approach to include Pleistocene ice-occupied 

cirques, composite snowlines may be found for this 

period. 

(6) Acknowledgements 

Grateful acknowledgement is made to ~he Ministry 

of Works and 'Development, for the opportunity to under­

take this course of study and to the University of 

Canterbury Geology Department, for assistance and 

supervision. The Arthur's Pass National Park Board 

gave generous assistance during the course of the field­

work, and useful criticisms were made by Professor 

S.C. Porter, Dr C.J. Burrows and Dr I. Brooks. Valuable 

criticism and assistance in the ,field was given by 

Dr M. Kelly. 
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,CHAPTER II 

FIELD EVIDENCE 

I FIELD MErHODS 

Field work was carried out over the summer 

periods of 1972-73 and 19?3-74~ to avoid winter snow 

cover. Most of the area was studied during the first 

summer period', the remaining areas were visited during 

the second summer, together with a number of critical 

localities which were revisited to gain more detailed 

verification. The field excursions took the form of 

cireui ts made on foot and of about a weeki s duration. 

< They covered either main valleys or ranges, depending 

upon the location of the more important features. 

A special visit to Section I was made in early 

April 1973, to study the present snowline. April is 

normally the time of the highest retreat of the 

snowlines, when the glacial equilibrium line elevations 

are displayed on the glaciers 'as the bare ice-

firn boundary. The area was flown in a fixed wing 

aircraft to gain oblique aerial photographs of the 

more important features, and of some hitherto 

undetermined featuresg 

(1) Preparation 

Comparatively few of the mountains and streams 

of the area are named, and this has made it necessar,y 

to develop an arbitrary numbering system, giving 

reference numbers to individual streams and their 

11 



headwater basins. Each tributary of the Waimakariri 

Ri~er, arising from areas of present or inferred past 

glacial activity, was numbered consecutively in an 

upstream direction, beginning at the upper limit of the 

canterbury Plains. The branches of these tributaries 

were then numbered consecutively in an upstream direction 

until all the first order streams were numbered.. One 

departure was made from this system, where three third 

order streams' are confluent at nearly the same point; 

the Bealey, ~ingha and Edwards Rivers. To avoid 

cumbersome reference numbers, these rivers were numbered 

24A, 24B, and 240 respectively. 

As an example of ,this tributary identification 

system, the upper Temp~e Basin ski-field is numbered 

_ 24:-;24A-12, which is arrived at from the following:-

24 - the 24th tributary of the Waimakariri. 

24A - defines which tributary of stream number 24. 

12 - the 12th tributary of stream number 24A. 

2 The study area covers over 2000km , and a single 

map on an adequate scale to show the wealth of small 

detail would therefore be unduly large and cumbersome. 

To simplify references to particular locations, the 

area was divided into the nine sections given on the 

location map, (figure 1). 

A set of vertical aerial photographs, taken in 

1959 and in 1960, was obtained for use in the field, 

and the centres of these were plotted by inspection on 

the 1:63,360 scale base maps for location reference. 

Before field work was begun, a study of the 

aerial photographs was made, using a mirror sterescope, 

with the aim of locating features of interest to be 

visited in the field.. As field work progressed, it 

Was found that this early perusal had picked up very few 

12 
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of the relevant features, and that-a large proportion 

of those features noted had, in fact, been misinterpreted o 

With experience in the field and on the stereoscope some 

skill in aerial photograph interpretation was ac~uired, 

but the danger of misinterpretation was alw~s present. 

(2) Field work 

(a) Early field work: The earlier field work 

consisted of a general reconnaisance of cirque basins, 

their moraines and other associated features, aimed at 

establishing a classification of forms rather than a 

glacial chronology. As sequences of glacial advances 

began to be recognised, emphasis was shifted towards the 

. development of a glacial chronology and criteria for 

recognising and ageing tills and moraines. 

(b) Later field work: To provide a more 

accurate basis for plotting features and for the 

calculation of past snowlines, one set of the nine 

sectional maps was enlarged photographically from a 

scale of 1:63,360 to a scale of 1:31,680 (1 inch to i 

mile) II 

The procedure of plotting details directly onto 

aerial photographs in the field and later transferring 

these data onto these enlarged base maps proved 

satisfactor.y. All moraines and tills were plotted, along 

with the occurrence of outwash terraces, debris ,falls, 

rock glaciers, surviving Pleistocene ice-eroded surfaces 

and fluvial dissection limits. In particular, for the 

present snowline study the position and elevations of the 

firn lines of existing glaciers were noted, and for past 



wlines the positions and elevations of past glacier 
soo 

terminals were determined as accurately as evidence 

permitted. As a pattern beg~ to appear in the mapped 

moraines, it became possible to predict successfully 

the positions of. some glacial advance limits, and then 

to plan field traverses to confirm these locations. 

The two main problems encountered in the field 

were:-

1. ·Identification of tills or moraines. 

2. Ageing of deposits" 

The correct identification of tills was 

particularly important when attempting to distinguish 

moraines from landslides with similar surface topography. 

, (See Appendix II).. The older moraines were normally 

dissected, and some occurred along with landslides and 

. other diamicton deposits. It was therefore assumed that 

a deposit was not of glacial origin unless there was 

independent confirmation. 

II GLACIAL .AND PERIGLACIAL FEATURES 

(1) Erosional features 

( a) General: Although the features resulting 

from glacial erosion are conspicuous throughout the 

whole of the study area, there is a significant 

difference between the types asscrciated with smaller 

indiVidual Pleistocene glaciers of the eastern Torlesse 

and Craigieburn Ranges; compared with those of the 

western ranges which were the source of the main 

Pleistocene ice streams. Erosional features of the 

14 



PLATE 3 
Extensive scree development t ypical 

of the stu~ area. View north-east across 
Sudd.en Valley,. tributary 13-1. 

PLATE 4 

Stereoscopi<: pair o~ up:per Gre~nlaw 
Creek, (trlbutary 34-2), sho~ng 

advanced fluvial dissection and remnant 
glaciated surfaces, R. 

15 



smaller.of the eastern ranges are confined within 

local glacial. basins and cirques where few of the 

Pleistocene ice-sculptured surfaces have survived 

without modification. Areas abraded by later glacial 

episodes are also fragmentary and survive only where 

they have not been dissected by stream action or 

overwhelmed by the extensive scree development of the 

area. 

The h~gher ranges towards the west display 

the features associated with intensive glaciation, 

including "U II shaped valleys with ice-scoured surfaces 

and assymetrical cross-section on bends, truncated and 

overriden spurs, etc.. Few glacial features survive on 

_, th~ main valley floors which have been over-deepened and 

subsequently covered with valley train alluvium and 

large 'alluvial fans. Thus on the main valley floor 

roches moutonnees are rare and glacial stairw~s non-

existent. Surviving glaciated valley floors occur at 

higher elevations towards the heads of tributary valleys, 

especially where the valley heads at a low pass (e.g., 

the Edwards River, number 240). The streams in these 

higher valleys are usually deeply incised below their 

ice-trimmed valley floors .. 

(b) Fluvial dissection and remnant surfaces: 

Steep~actively eroding slopes and gullies occur hetween 

the alluvium-filled valley floors and higher level 

ice-worn surfaces. The well-defined upper limit of 

fluvial dissection, shown on the features maps (figures 

22 to 30), constitutes a boundary below which glacial 

deposits are unlikely to have survived. Extensive areas 

16 



PLATE 5 
The upper fluvial dissection limit 

CD) , where remnant glaciated surfaces (R), 
are intersected by steep dissected 
faces, Mt Avalanche, Arthur's Pass. 
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of.ice-eroded landscape survive above this limit, the 

dominant forms being alp surfaces and cirque basins. 

The bulk of the *IINeoglacial ll deposits are found in 

these areas of cirque and alp surface which have as yet 

escaped destruction by fluvial erosion. .The alp 

surfaces are widespread throughout the western part of 

the study area (plates 4 and 5), and frequently extend 

for considerable distances along the ranges between 

subsidiary ridges or cirques, indicating the existence 

of extensive areas of neve-sheathed slopes between 

tributary ice streams during Pleistocene times. 

(c) Cirques: The cirque basins range·in 

extent of development from incipient hollows to mature 

cirques containing tarns, and are almost invariably 
!;r 

discordant with the main valleys. Those cirques at 

higher levels that have been occupied by later glacial 

advances are noticeably better developed. Higher level 

cirque basins developed at the heads of the large 

Pleistocene tributary ice streams by rotational ice flow 

W.V. Lewis (1960), Flint (1971)', appear to have 

undergone little modification during the subsequent 

Holocene glacial advances. Evidence for the relatively 

minor amount of Holocene glacial erosion is seen in 

both the terminal positions and the volume of debris 

left by the Holocene glaciers. The positions of the 

moraines show that the Holocene glaciers were generally 

incompatible with the cirque morphology. Moraines 

either spillover the cirque lips, or are confined within 

the lower limits of the basins. The volumes of the 

moraines is small compared to the volume of material 

*See Chapter IV, Proposed Glacial Chronology, 
for a definition of Neoglacial. 
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removed to form the basin, suggesting that there has 

been limited modification of the basins since their 

formation by Pleistocene i.ce erosion .. 

The smaller Pleistocene glaciers,isolated from 

the large ice streams, occupy well-developed basins now 

enclosed by massive moraines.. Level cirque floors, 

where they occur, are attributed to the erosional 

effects of composite Pleistocenesnowlines of the Otiran 

Glaciation, b,ecause the floors rarely coincide with the 

snowline elevations calculated for the Pleistocene 

advances 0 There is also a frequent disparity of size 

between the cirque and the inferred extent of the ice 

formerly occupying it, for example at Tims stream 

(t~ibutary 3-3-3-1), and Porter River (tributary 3-7), 

where the termini of eVen the later Pleistocene advances 

have advanced beyond the limits of the valleys, to 

spread out into piedmont lobes, while in other cases, 

the termini have been contained within the valley limits. 

(2) Glacial deposits 

(a) • 
-..;...;;...;;......;;.,. Moraines, tills and fluvioglacial 

outwash deposits in varying states of preservation occur 

throughout the area where there is significant relief. 

Pleistocene moraines and outwash deposits occur on the 

valley floors and extend downstream to the upper limits 

of the Canterbury plains, Gage (1958), while moraines 

younger than Pleistocene age do not extend further than 

the base of the main ranges. In the Graigieburn and 

Torlesse areas, Pleistocene moraines occur close ,to the 

base of the ranges .. 
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In the headwaters of the Waimakariri, where 

the bighest peaks occur, (up to 2,200m) , the early 

Holocene moraines of the larger valleys are found at 

valley floor level. As summit elevations decrease along 

the main divide towards the north-east, the level of 

these moraines gradually rises until in the Poulter 

River headwaters, Holocene moraines rarely descend as 

low as the main valley floors. 

Later Holocene (or Neoglacial) moraine sequences 

are displayed up-valley from the early Holocene moraines 

in all of the higher ranges of the main divide area. 

In the north-east these sequences extend only into 

mid-Neoglacial times, while in the west they include 

recent moraines of existing glaciers. Close behind the 

youngest Pleistocene moraines of the eastern ranges are 

the early Holocene moraines extending rarely into early 

and mid-Neoglacial moraines .. 

(b) State of Ereservati~: The preservation 

of the glacial deposits is very fragmentary. No traces 

remain of many of the older deposits, while few of those 

occurring even in favourable sites have escaped at 

least some degree of modification. The degree of erosion 

and dissection of the moraines was found generally to 

increase with increasing age and increasing gradient 

of the valley sides and floors. 

In the higher basins and cirques, at the upper 

limit of fluvial dissection, many of the former glaciers 

appear to have terminated in ice-avalanches at the 

foot of which debris accumulated to form amorphous talus 

cones, Luckman (1971).. Because of the glacial origin of 
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"Spilled Til l " ( ST), in t he upper 
Anti Crow River (tr ibutary 31-4). Early 
Holocene morianes ( M), and late Holocene 

moraines (B), al s o evident. 

PLATE 6 
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the material in these deposits, they have been termed 

"spilled tills", (plate 6). MallY of these "spilled 

tills" have been extensively modified by avalanches 

and frequently show no reliable form from which glacial 

outlines m~ be interpreted, (plate 36). It was found 

that even in areas of recent glacial activity, the debris 

from winter snow avalanches very quickly modifies 

moranic forms into scree cones. 

Above the fluvial dissection limit, where 

gradients are more gentle, better-preserved moraines 

afford the most reliable evidence of the later glacial 

successions. These moraines tend to be of mid to late 

Neoglacial age in the highest ranges, and progressively 

become older with the low summit heights towards the 

north-east. A small number of cirques contains no 

moraines at all, but useful, "negative" results for 

glacial extents m~ be gained by ageing,by weathering 

rind thickness,rock pavements of cirque floors. For 

example, the cirque floor at Waimakariri Falls 

(tributaries 46 to 48) was aged at between mid and late 

Neoglacial time by this method. 

(3) Recognition of moraines 

Problems in moraine recognition arise mainly from 

similarity with other widely-distributed deposits of 

non-glacial origin resembling glacial deposits in both 

form and composition. Till mantles spread over 

undulating bedrock surface can be mistaken for terminal 

moraines. As seen on aerial photographs, bedrock 

features~such as bedding and lithological contrasts, 

minor surface faults and slump scarps can take forms 
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remarkably similar to thQse of moraines. Large scale 

slumping in a few instances has deformed local areas 

to the extent that the moraines are unrecognisable. 

On the upper western slopes of Dome (tributary 240-1), 

for example, is displ~ed a complex of small sub­

parallel scarps of sufficient extent to suggest that 

the crest of this whole range is slumping. Consequently 

although moraines m~ be present, none were mapped 

from this area. 

Forest cover normally obscures all but the largest 

moraines on aeRial photographs, and makes them difficult 

to discern even in the field. 

The moraines were recognised in the first instance 

by their form, usually in the shape of one or more 

concentrically situated loops, breached by a meltwater 

stream. Where fluvial dissection has been active, the 

terminal moraines have usually been reduced or 

destroyed, leaving only lateral moraines or fragments 

from which to construct the former glacier outline. 

Older Holocene ablation moraine dumps on valley floors 

are sometimes detected on the aerial photographs as 

swampy clearings in the forest cover, attributable to 

the impervi9us nature of the till. Not all tills 

encountered were impervious, however, as cases of streams 

flowing through moraine ridges were noted, for example 

the moraine-dammed pond on the summit of Arthur's Pass. 

In localities where glacial deposits have been 

completely or partially removed, fragmentary, indirect 

evidence sometimes gives a clue to the extent of the 

former glacier. Irregularities in the form of double 
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ridged spur ends and offset valley side-streams may 

for example suggest ice-margin modification of stream 

patterns where a tributary flowing directly into the 

main valley was'deflected by the glacier to flow 

parallel to the ice margin. Following the retreat of 

the ice, moraine ridges and fluvial incision can , 
permanently superimpose a new stream pattern that may 

persist even after part or all of the glacial deposits 

have been removed. This type of evidence for ice limits 

was used with care, and preferably not without 

independent supporting evidence. In the Kowai River 

(tributaries 1-5 to 1-7), an area which shows recent 

tectonic activity, somewhat similar morphologic 

irregularities have been identified as structural stream 

control because of the absence of other evidence in 

support of an ice margin origin. 

(4) Tills 

The majority of the tills encountered in this 

study were the deposits of small glaciers that had 

travelled over relatively short distances. These 

deposits show some differences in character when 

compared with those of the major valley glaciers of the 

area. The tills occur mainly in the form of lateral 

and terminal moraines, with rare examples of ablation 

moraines and basal till deposits. Because of the 

relatively short distances over which these tills have 

been transported, boulders tend to be more augular, 

and ice striae much rarer than those from the tills of 

the major valley glaciers. Water-worn clasts were 
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found in all of the tills examined, emphasising the 

bigh proportion of rainfall in the total precipitation 

onto these glaciers. (Gage 1958, Anderton and Chinn, 

1973). Because most of the tills studied were lateral 

or terminal deposits of small glaciers, compaction 

was not an important factor. 

The occurrence of many formless fr~gments of the 

glacial deposits amongst moraine-like deposits of non­

glacial 'origin made it essential to verify in the field 

the source of deposits by seeking exposures from which 

the composition could be studied. Tills were identified 

by their angular clasts, and typically unstratified, 

unsorted, homoge~us composition. When distinguishing 

moraines from landslides and other slope deposits the 

inclusion of odd water-worn pebbles within the deposit 

gave credence to a glacial origin. Exceptions occurred 

where landslides had crossed or otherwise. incorporated 

alluvium. 

(5) Outwash 

Outwash terraces and valley trains are associated 

only with the older and more extensive glacial advances. 

No outwash terraces younger than the *McGrath advance 

age were found, that could be directly associated with 

a particular glacial advance. 

The Pleistocene moraines of the Craigieburn and 

Torlesse Ranges mark the upper limits of some very 

extensive terrace complexes. The Kowai River (tributary 

No. 1-7), drains through a set of terraces, comprising 

·See Chapter IV, Proposed glacial chronology. 
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PLATE 7 
Outwash terrace exposure near tributary 

5-14, Poulter River. 
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PLATE 8 

c t ive solifluction lobes at 
1850m on the Polar Range. 

PLATE 9 
Deep, comp lex slope deposits at 

1100m on the Craigieburn Range, exposed 
at a skifield access road cutting. 
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two ma~n constructional sur£aces and one main 

degradational sur£ace. With some di££iculty the 

constructional sur£aces may be traced back to their 

respective Porter and Tims Stream advance moraines, 

(plate 19). There is also a suggestion o£ a high 

level terrace trace which may be associated with the 

Kowai advance, but as this trace £ollows the Porter·s 

Pass £ault zone, its outwash origin is questionable. 

The terrace sets o£ the 'Castle Hill Basin (plat~ 2), 

have been studied in detail by Breed (1960)0 

The Poulter River has the greatest extent and 

thickness o£ terrace de~elopment encountered in the 

stu~, all apparently associated with the recession 

£rom the £inal Pleistocene ice advance. One terrace 
,'<- f,:<,.. 

o£ McGrath age, which has been radiocarbon dated £rom 

a wood sample obtained near tributary 5-14 occurs in 

branches o£ the upper Poulter'River, (plate 7)0 

In other parts o£ the region outwash terraces 

o£ McGrath age may be traced to their associated moraines 

in the Mingha, Bealey and Waimakariri Rivers. The 

mouths o£ the White, Harper and Greenlaw Valleys have 

similar terrace £ormations, assumed to be o£ a 

similar age. These latter terraces have slightly 

steeper gradients than that o£ the present riverbed, 

suggesting that ~ down-valley extensions o£ these 

terraces will be buried beneath the extensive alluvial 

£lats and £ans o£ the present Waimakariri River bed. 

(6) Rock glaciers 

(a) Characteristics: Rock glaciers are 
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characteristically deep deposits having corrugated 

surfaces of transverse and longitudinal ridges 

terminating in steep frontal slopes, (Wahrhaftig 

and Cox, 1969: Potter, 1972: White, 1971: Dingwall, 

1973). Definitions and descriptions of rock glaciers 

do not draw any precise distinctions between rock 

glaciers and debris-covered glaciers, but indicate 

that there is a gradation from "ice-cementedll rock 

glaciers, lIice-cored" rock glaciers through to debris 

laden glaciers, Barsch (1971), Dingwall (1973). 

Rock glaciers are periglacial phenomena which owe 

their existence to a unique combination of circumstances 

that includes a relatively low accumulation of snow 

and a large supply of debris, in a cool climate 
' . . -....... ' !!r 

environment (Potter, 1972: Dingwall, 1973). 

They uniquely have a very low ratio of 

accumulation area to ablation area, of as much as 1:7 

found by Potter (1972), which allows the tongue to 

descend to much lower elevations than do those of 

ordinary glaciers in a corresponding position. For 

this reason, these features must not be used when 

making snowline elevation computations. 

(b) Extent: A number of deposits, occurring 

between the 1680m to 1880m levels along the extent of 

the Craigieburn Range have been identified as rock 

glaciers. These deposits occur in an environment of 

active talus (scree) slopes running from exposed rounded 

ridge crests down to the valley floors, with only rare 

rocky outcrops. In most cases, the talus cones have 

overwhelmed the lateral margins of the rock glaciers. 
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PLATE 10 
Vertical aerial photograph (2747/30) 

lhowing three rock glacier deposits of the Craigieburn 
Range. Ridge crests dashed . 

PLATE 11 
Stereoscopic pair showing surface det ails of 

Rock glacier deposit 3-5-3, under Mt Cloudesley. 
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Further to the west, on Mt Binser (tributary 

7), and in the Rawdon Valley (tributary 13-5), two 

large rock glaciers were at first identified from 

their surface composition and form. However, for 

various reasons (see Chapter IV), these features are not 

now regarded as true rock glaciers, but rather as the 

result of massive landslides falling on to already 

existing glaciers, causing reduced ablation, and the 

consequent extension of these glacier' snouts to 

exageratedly lower levels. 

(c) Deposi ts: Identification of the deposits 

has been based primarily on their unusual thickness and 

steep frontal slopes, supported by the occurrence of 

microrelief characteristic of rock glaciers, (plates 
t:-'ft 

10 and 11) .. 

For the maj ori ty of the features, there is 

little doubt that they are rock glacier deposits. In 

one or two cases, however, towards the western end of 

the range, the features mapped as rock glaciers 

(figure 29, tributaries 3-2-4 and 3-2-5) show 

characteristics of both glacial and rock glacier 

deposits. In these cases, transverse ridges may be 

interpreted as concentric glacial moraines, and it is 

suggested that these deposits are those of an 

"intermediate" type of glacier, lying between true 

glaciers and rock glaciers. 

The rock glaciers encountered in this study 

occur in unison with a steep upward trend of the past 

snowlines (figure 9) which is the result,at least in 

part, of reduced precipitationo This trend is in 
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good agreement with one of the required conditions 

of reduced precipitation for the formation of a rock 

glacier .. 

(d) Conclusion: From their position in the 

glacial sequences of the area, the rock glaciers appear 

to be all of the' same age, and belong to the Arthur IS 

Pass advance. Presumably the advances before this 

time had sufficient vigour to clear the debris as it 

accumulated. Later advances, following the period of 

rock glaciers~must have either had snowlines sufficiently 
'. 

close to the mountain summits to reduce the source area 

of frost driven debris t.o below that required for rock 

glacier formation; or alternatively, the required 

.~ st~ep headwalls m~ have already degenerated into talus 

slopes by this time. It is assumed that none of these 

rock glaciers are active at present because the peaks 

of the Craigieburn Range are all below the inferred 

present snowline and many surfaces have a stable 
, , 

vegetation cover (Birkeland, 1973)Q 
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CHAPTER III 

SNOWLINES 

I THE PRESlNT SNOWLINE 

(1) Definitions 

The elevation of the snowline is very difficult 

to define because in practice the snowline m~ be 

defined in a number of different w~s, and each 

definition results in a different elevation, (figure 2). 

Although the terminology dealing with various kinds of 

snowlin~s is confused, most attempts to determine an 

elevation have defined a snowline as the lower limit 

~" of ~perennial snow, (Hoshiai and Kob~ashi, 1957; 

Mercer, 1961: ¢strem, 1966; Porter, 1968: Andrews and 

Miller, 1972). This definition of a snowline can be 

visualised as an irregular, abstract surface connecting 

points on the ground where the preceding winter1s snow 

will just disappear at the end of the summere Snow 

patches, snow banks and snowfields will remain above 

this surface, whereas all snow below it will disappear 

each summer season. It is impossible to determine a 

fixed height of the snowline thus defined, because of 

considerable variations both over short distances and 

from year to year. 

A variety of approaches has been developed to 

the classification of snowlines, and according to 

their intended use both the definitions and methods 

of calculation will vary. The following types of 
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snowlines are included in most classifications: 

'(a) Orographic snowline: A surface drawn 

through the lower limits of all perennial snow patches, 

regardless of their origin .. This surface shows large 

variations in altitude owing to the local effects of 

topography , drifting, avalanching, etc .. 

(b) Climatic sFowline: Many attempts have 

been made to construct a snowline in such a w~ that 

local influences are eliminated. This snowline may 

be generalised as the lower limit of perennial snow on 

a smooth hypothetical surface, unmodified by any 

topographical effects. It is one of the most important 

climatological factors when dealing with glaciers, but 

asksuch hypothetical surfaces do not naturally occur, 
.--< ~ .. 

the climatic snowline cannot be measured directly. 

Various indirect methods for determining its 

altitude have been applied, but none of them is 

entirely satisfactory because of the large number of 

meteorological variables involved.. The usual method 

has been to establish the height of an appropriate 

IIsummer isotherm" coincident with the snowline.. Hoshiai 

and Kob~ashi, (1957) examined this method in detail 

and have shown that estimating a snowline from the 

oOe summer isotherm is both complex and subject to a 

number of errors. The level of the snowline is controlled 

by the balance between the total snow accumulation and 

the ablation losses.. The ablation losses are a function 

of the incoming radiation, outgoing longwave radiation, 

condensation of water vapour and sub-surface heat 

transfer. Values of all of these variables and of 
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precipitation are essential for snowline calculations 

based on the oOe summer isotherm, particularly if the 

calculations are based on free air data, which can 

differ significantly from the regional climate in 

mountainous areas. However, by the use of standard 

lapse rates, with careful selection of the "summer ll 

period, this method can give useful results. 

(c) Regional snowline: A derivative from 

the orographic snowline, in which the irregularities 

have been smoothed out on a regional scale. 

(d) Equilibrium line: An abstract line on 

a glacier surface, conne~ting places where the mass 

balance equals zero, or alternatively connecting the 

highest positions of retreat of the previous winter's 
.~ ~y 

snow. This line shows annual variations in altitude, 

depending on whether the mass balance was positive or 

negative ~or the previous glacial balance year, and 

must be averaged over a number of years for an 

accurate value, (Meier, 1962: Paterson, 1969: ¢strem 

a Stanley, 1969). 

The distinction between the equilibrium line 

and firn line (below) is particularly important in this 

study because the equilibrium line altitudes have been 

used as the snowlines for the past glaciers, while 

firn lines have been used for the present snowline. 

The present glaciers are undergoing a period of marked 

recession and are not in a state of equilibrium. 

This negative mass balance means that the equilibrium 

lines have retreated to higher elevations well above 

the ~irn lines. 
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(e) Firn line: The firn line is defined as 

the boundary on a glacier between ice and firn (compacted 

snow at least two years old) at the end of summer. This 

line, like the equilibrium line, varies with changes 

in the glacier mass balance, but at a much reduced rate. 

It equals the equilibrium line at times when the mass 

,balance is zero, Meier (1962), ¢strem and Stanley (1969). 

As the firn line is the highest level on a glacier 

to which snow cover recedes during the ablation season, 

the firn line may be used to determine the height of 

the snowline. Due to the cooling effect of the 

glacier, the firn line will not coincide with the 

snowline on the bare ground, but will be slightly below 

,~ this level. This vertical separation is supposed to 

be approximately 100m, Klebelsberg (1948)0 

(f) Glaciation limit: The lowest altitude 

at which glaciers can now form. In presently 

glaciated regions it can be determined in any area 

where it is possible to compare the elevations of the 

highest peaks without glaciers and the lowest peaks 

with glaciers, Andrews and Miller (1972h ¢strem (1966). 

(g) Transient snowline: The line separating 

areas with more than 5~fo snow cover at any time of 

the year from those with less than 50% cover. 

(2) Snowlines of the Waimakariri watershed 

There are comparatively few glaciers in the 

study area, and only a few of these are suitable for 

snowline determination. All of the glaciers, excepting 

one on Mt Rolleston, occur within Section I, in the 
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PLATE 12 

Gl aciers of the White River used 
in e s tabli shing the pres ent snowline. 

T-G, "tiered glaciers". W, "te Glacier; 
C, Cahi l l Glaci er ; M, Marmaduke-Di xon Glacier. 

PLA.TE 13 

Cahi ll Glacier, p osit ions of 
pr esent snowline arr owed. 
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north~western corner of the study area. All of the 

glaciers, at the time of the study, were in a state 

of strong negative balance which had persisted for 

several previous years. All firn lines were therefore 

below the equilibrium lines and m~ of the smaller 

glaciers were in an advanced state of thinning to the 

point of collapse, for example the glaciers at 

tributary 30-10-2 on Mt Carrington. Glacier beds were 

exposed throu~h ice in many places and the 'extent of 

ice cover was much reduced since 1969 and 1960, when 

the aerial photographs had been taken. Some small 

glaciers had lost all of, the previous winter I s snow, 

i.e. their equilibrium lines had retreated beyond the 

,K upper limit of the glacier, leaving none of the 

previous winter's snow to nourish the glacier. There 

were also some cases of "tiered snowlines" where two 

disconnected glaciers were arranged with a vertical 

separation, each having its respective firn line but 

with the snout of one terminating above the upper limit 

of the other, (plate 12). Snowlines determined from 

such glaciers would obviously be misleading. 

This state of negative balance was inferred to 

have prevailed for a number of years, and to have led 

to the presence of relict glaciers and snow-

patches. Snowlines determined from these bodies 

can be climatically misleading unless the period over 

which the snowline applies is specified. Under 

conditions of an ascending snowline, the equilibrium 

line altitude (hereinafter referred to as the ELA), 

will give a snowline value for the past year, while the 
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firn line altitu~e gives an integrated snowline value 

for the past few years. By employing the glaciation 

limit method (see below), the presence of relict 

glaciers will give a lower composite snowline estimate 

for the past tens of years. To estimate the present 

snowline over the past couple of years encompassed by 

this study, the firn line has been used in preference 

to the annually variable ELA. The following ELA data 

(table 1), from recent studies made on the Tasman and 

Ivory glaciers (Anderton and Chinn, 1973), situated 

respectively 115km and 60km SW of the Waimakariri 

watershed, indicate the recent trends in snowline 

migration. All of the years included were years of 

.< ne~ati ve balance for both glaciers. 

TABLE I 

RECENT EQUILIBRIUM LINE ALTITUDES FOR TWO N. Z. 
GLACIERS 

TASMAN GLACIER IVORY GLACIER 
YEAR ELA. ELA SPECIFIC BALANCE 

eM) eM) eM WATER 
EQUIVALENT) 

1965-66 1730 - -
1966-67 1970 - -
1967-68 1630 - -
1968-69 1690 - -
1969-70 2200 *1650 + -2 .. 11 

1970-71 1930 *1650 + -1 .. 66 

1971-72 1850 *1650 -1,,66 

1972-73 1900 "'1600 -1 .. 73 

'" Strictly the altitude of change from net negative 
to net positive. 

+ Not full year .. 
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(3) Calculation of the present snowline 

The present snowline elevation was estimated 

by two different methods, using both the firn line 

elevations and the glaciation limit, to give a 

comparison and to allow a check of the reliability 

of the results .. 

(a) Firn line elevations 

At the,end of summer the firn lines of the 

present glaciers, seen as the boundary between the 

firn and bare ice, were drawn on aerial photographs 

in the field. These were later transferred as 

accurately as possible onto the contoured topograpbic 

maps for the' estimation of mean altitudes. Almost 

eVf3ry glacier in the area was seen during the late 
."" ~. 

summer period in the course of field work and the 

firn lines noted.. Glaciers of every aspect were 

included,to obtain values for the variation of firn 

line elevations with aspect. 

To establish the aspect-elevation differences 

of table 2, the data were separated into eight 

directional aspect groups and the elevation ranges 

of the firn line estimates were plotted on a diagram 

(figure 3). The data were then examined for quality 

by objectiv~ly assessing the reliability of each 

glacier for firn line elevation estimation. The 

criterion used to assess the reliability of the firn 

line data was that,the closer the topography of a 

glacier approached to a smooth. gently-sloping surface 
( 

similar to the theoretical surface of the "climatic 

snowline" above, then the more reliable would be the 
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firn line data. Thus, those glaciers having steep 

gradients, bigh headwalls, icefalls or breaks in slope 

near the firo line and glacierettes of small size 

which may be subject to "protalus" processes, etc .. , 

were considered to provide ureliable firn line data. 

From a set of 23 fim line values, 15 were 

rejected on the above grounds and the remainder were 

used to establish the present snowline and the snowline 

aspect diffe~ences. An examination of the data showed 

no consistent trend in the snowline surface, presumably 

because the glaciers studied are confined to a limited 

area with insufficient regional coverage to indicate 

any regional trends. The eight accepted snowline 

(f~rn line) elevation ranges were plotted against 

aspects on figure 4, and smoothed by applying a 

partial sinusoidal curve. This curve gives a value 

of 1900m for the elevation of the present southerly 

aspect snowline. Because there are relatively few 

northward~facing glaciers in the area studied, this 

snowline curve is incomplete, covering only the 

directions from north-east to south-west. The minimum 

value is displaced slightly from the expected south 

direction to the south-south-east. 

Since direct field evidence failed to give 

snowline elevation values for glaciers whose aspect 

was between west and north, it was necessary to 

compute values for these directions. The assumption 

was made that, since elevation differences related to 

aspect arise primarily from incident solar radiation 

and since the amount of incident solar radiation is 
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symmetrical about a north-south axis, then snowline 

elevation aspect differences should also be symmetrical 

about a north-south axis. It is possible for wind 

or strong topographic trends to distort this symmetry. 

No evidence was seen in the field to suggest that 

topographic distortion of this symmetry does occur 

and-the prevailing wind direction, being from the 

north-west, is close to being parallel to this axis of 

symmetry, th~s providing conditions for minimal 

distortion. 

By assuming that snowline elevation aspect 

differences are symmetr~cal about an axis, the 

snowlines for the aspects lacking direct field data 

we~e calculated from the snowline elevation - aspect 

diagram of fiBure 5.. The axis of symmetry for this 

figure, having been derived from the snowline elevation­

aspect curve (figure 4), also lies along a NNW-SSE 

axis.. It is suggested that this small deviation from 

a N-S axis is due to the combined effects of daily 

air temperatures and shading.. Lower morning air 

temperatures tend to result in no ablation in shaded 

areas, whereas high temperatures in the afternoon 

tend to allow ablation to continue in shadow. The SW­

facing glacier is in greater morning shadow than an 

equivalent SE-facing glacier and consequently suffers 

little morning ablation compared with a SE-facing one. 

Under the influence of higher afternoon temperatures 

the SE glacier continues to ablate~ although it then 

has the greater coverage of shadow. From figure 5, 

the present mean snowline elevations of the stu~ area 

45 



were derived for each of eight directional aspects. 

These snowline elevations, derived from the 1972-73 

end of summer firn lines, are tabled below:-

TABLE 2 

PRESENT SNOWLINE ELEVATIONS, VARIATIONS WITH ASPECT 

N NE E SE S SW W. NW 

m 2120 2040 1950 19,00 1900 1950 2040 2120 

ft 6910 6650 6400 6240 6240 6400 6650 6910 

The error of the plotted snowlines is estimated 

to be less than + 50m, while the accuracy of the 

. calculated points is eS,timated to be within ± 100m .. 

Any error arising from the assumed symmetry of the 

snowline elevation aspect distribution will have limited 

significance in the following past-snowline computations, 

because in studies of both the present and the past 

snowlines, the main bulk of the data is from basins 

having a southerly sector aspect .. 

Most authors working on snowlines have considered 

one aspect only, Porter (1964), so that data on aspect 

differences are meagre, however, Waharftig and Cox (1959), 

found the difference to be 58 Om to 610m (1900 ft - 2000 ft) 

. at lati tude 64.~, in the Alaskan ranges, compared with 

220m (710 ft) found for latitUde 43 0S in this study. 

Because the differences between snowline elevations 

of differing aspects arise primarily from the differing 

amounts of incident solar radiation received, these 

elevation differences will vary with the maxium angle 

of elevation reached by the sun. Aspect differences 



should, therefore, be zero at the equator and should 

increase, along with increasing latitude, towards 

the poles .. 

(b) Glaciation limit: An alternative 

assessment of the present snowline was made by the 

glaciation limit method, where the altitudes were 

plotted of both the highest peaks not supporting 

glaciers and of the lowest peaks with glaciers, 

¢strem (1966), Andrews and Miller (1972). The' 

glaciation limit is then the mean of the two values 

thus obtained, (figure 6). This method tends to give 

values which are slightly higher than those for the 

climatic snowline. ¢strem (1966) suggested that the 

glaciation limit values were approximately 100m higher 
~ 

than those of the climatic snowline and 200m above 

the EtA (equilibrium line altitude). He also found 

that the difference between the two sets of peak 

heights used in the glaciation limit method is normally 

about 60m. This method compares glaciers of all 

aspects and as most of the glaciers in the study area 

have a southerly aspect, the snowline computed should 

be compared with only the southerly aspect results of 

the ELA method described previously. 

The results of the glacier limit method give a 

snowline elevation of 1940m compared with 1900m found 

by the ELA method, and an elevation difference of 

80m between the two sets of peak heights. The difference 

of 40m between the glaciation limit and ELA snowlines 

is lower than the 100m suggested by ¢strem (1966). 

Part of the reason for this lower value will be because 
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equilibrium lines in the Southern Alps at least, 

are shown by the number of wasting glaciers to be 

currently rising. This current imbalance between 

glaciers and climate causes the ELA to rise 

detect ably long before the glaciers themselves have 

readjusted to the new regime.. Thus, the presence 

of wasting "relict" glaciers has tended to lower the 

value of the glaciation limit snowline, bringing it 

closer to the value obtained by the ELA method. 

(4) Causes of local snowline variations 

When snowline data from some 23 glaciers and 

.glacierettes of the area were plotted, numerous 

inconsistencies appeared which could not be explained 

by'aspect alone,but which were rather a result of the 

variety of topographic influences. Of the more 

important factors leading to yariationin snowline 

elevations, only wind deflation of the snowpack 

produces anomalously high elevations. Other factors 

tend to produce values below the true snowline value. 

Consequently, abnormalities in snowline elevations tend 

to be in the direction of a depressed snowline. 

Basin morphology features which are chiefly 

responsible for the majority of abnormally depressed 

snowlines are: 

(i) Overdeepened, well-developed cirques, 

which tend to collect avalanche and vand-drifted 

snow to depths greater than the normal winter 

snowpack .. 

(ii) Very steep headwalls, which favour drift 



and avalanche accumulation, thus producing a deeper 

snowpack at lower levels. 

(iii) A combination of a deep, enclosed basin and 

a steep headwall. which invariably has a strongly 

depressed snowline. 

(iv) Steeply sloping glacier surfaces which 

increase the frequency of snow avalanches, giving a 

thicker snowpack at lower levels. 

(v) High, steep headwalls, oriented so as to 

reduce the radiation on south-facing glaciers, which 

tend to lower the snowline furthero 

The effects of many of the above snowline 

variations are evident on any one glacier where the 

end of sumnier snowline shows altitude variations over 

many tens of metres, (plate 13). 

II COMPILATION PROCEDURE 

(1) Computation of past snowline elevations 

(a) General: When a glacier is in a steady 

state of mass balance, the altitude of the firn line, 

snowline and equilibrium line will be approximately 

equal. Past snowlines may therefore be estimated as 

equilibrium line altitudes (ELA's) of past glaciers by 

using geologic data on the position and altitudes of the 

past glacier marginso 

Numerous methods of varying degrees of complexity 

have been employed to determine the ELA's of past 

glaciers as estimates of past snowline elevations. 

Less accurate but simpler methods have been described 
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by a number of authors including Richmond (1965a), 

while Pewe and Reger (1972), give the following 

three simplified methods of obtaining the ELA of a 

past glacier:-

(i) The visually-positioned boundary 

midway between accumulation and ablation areas on a 

contoured reconstruction of the glacier. 

(ii) The line separating the accumulation 

and ablation areas at a position separating a 

percentage (2~fo:7~~) of the lower part of the glacier 

from the upper part, or 

(iii) The mean elevation, between the moraine 

and the headwall of a reconstructed glaciero 

The first method was employed in this study 

to begin with, but was found to give quite 

unacceptable results. The reason for this could have 

been a personal bias arising from the author's 

familiarity with modern glaciers in a state of 

recession, which have ELA's at a greater height than 

those of glaciers in an equilibrium state. Use of 

the moraine headwall method considerably improved 

the consistency of results o 

(b) The moraine headwall method: This 

method is based on data from present glaciers which, 

when in a steady state of mass balance equilibrium, 

have an ELA close to the mean elevation of the upper 

and lower altitude limits of the glacier (Meier and 

Post, 1962; Andrews and,Miller, 1972; Paterson 1969). 

To calculate the ELA the inferred position of 

the reconstructed glacier boundary was drawn on a 
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contoured base map, and the elevation of the upper 

limit' of the glacier itself, distinct from the back­

ridge altitude, was estimated. The elevation of the 

terminus was read from the plotted position of 

moraine on the base map. The arithmetic means of 

these two elevations were taken to give the ELA. 

An error range of ± 1~ (Porter, pers. comm.) was 

assumed and applied to the snowline figures. The value 

of this error increases with increasing altitude range 

of a glacier, which is in turn roughly proportional to 

the glacier length. Hence the shorter the glacier, 

the more accurately is the snowline defined. 

It must be appreciated that this method tends 

to give a snowline altitude a little above the true 

altitude, because it assumes an accumulation area 

ratio of 0 0 5, rather than the value of 0 0 6 more often 

found for present glaciers, Porter (1970). 

This error is compensated to some extent, 

because virtually all of the errors due to topography 

tend to be negative in sign. Best results are 

obtained from glaciers of uniform gradient which have 

no sharp breaks in slope and which do not expand at 

the snout. 

(c) The area-altitude ratio (AAR) method: 

This method is the most accurate and employs the 

distribution of ar~a with altitude for the glacier. 

The area-altitude ratio (AAR), is the ratio of the 

area above the equilibrium line (the accumulation area) 

to the total area of the glacier. Because the 

equilibrium line marks the lower boundary of the 



accumulation area, its altitude can be determined 

approximately on a glacier whose AAR and area­

altitude distribution are known. AAR values are not 

directly measurable for former glaciers, and arbitrary 

values have to be adopted from measurements made 

on modern glaciers, and preferably from those in the 

same area. In New Zealand, however, the present 

glaciers have not been in a steady state of balance, 

so that any AAR values derived from these glaciers 

will not be suitable for computing the ELAls of past 

glaciers under a balanced regime o Results of many 

glacier balance stUdies indicate that most glaciers 

under balanced regimes will have AAR's greater than 

005 and generally they will be in the range of 0 0 5 , 

to 0.8, with the majority of the values lying close to 

0.6, (Meir and Post, 1962; Porter 1968; Paterson 

1969). For'the purpose of this stu~, an AAR value of 

0.6 + 0.1 assumed by Porter (1970), and Porter 

(pers comm.), is used in this stu~ to derive stea~ 

ELAts from area-altitude curves. 

The method employed was to construct the 

outline of the past glacier on a contoured base map, 

together with reconstructed ice surface contours, 

and an area-altitude curve is made by cumulative 

planimetery of the glacier contoursD From this curve 

the snowline was read from an AAR value of 0 0 6, 

together with an error range of + 0 0 1. The slope and 

shape of the cumulative area curve influence the range 

of error, so that the lower the gradient of the curve 

the smaller the range of erroro 
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Th~ accuracy of this method is greater than 

that of the moraine-headwall method, especially for 

the larger of the former glaciers, as the error range 

of the moraine-headwall method increases markedly 

with increasing glacier size. The limiting factor 

for the AA.R metho'd is the smallest glacier that may 

be measured by planimeter on the scale of the base 

map used .. 

(2) Data quality 

In the foregoing discussions it has been 

established that the elevations of both present and 

former snowlines mqr v~ considerably in any one 

area. These variations are unavoidable with the 

method used to establish the snowline, and reflect 

the numerous climatic and topographic factors locally 

affecting the snowline. For example, the steeper the 

former glacier, the greater is the error in the 

computed snowline likely to be. 

The main differences in snowline elevation 

arise from the varying aspects of individual glaciers. 

This variation was reduced by applying an aspect 

correction (derived from the present snowlines) 

(Chapter III-I) to other than the south-facing former 

glaciers. During the fieldwork it pecame apparent 

that some of the former glaciers would give more 

reliable computed snowlines than would others.. These 

differences were due mainly to cirque morphology and 

to the reliability of establishing moraine positions 

and thus the former glacier outline. An objective 

appraisal was, therefore, made of all of the snowline 
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data, and each snowline elevation was given an 

assessment of reliability, detailed below. 

(a) Aspect correction: All of the snowline 

studies encountered in the literature were restricted 

to cirques with a pole-ward aspect, and very little 

work was found on comparisons of aspect elevation 

differences o This important contrast, which is primarily 

a function of latitude, could not be ignored in this 

study because a full snowline coverage of the region' 

requires that all basins of all aspects be considered .. 

Consequently, the snowlines were calculated for all 

basins of all aspects, and corrections were then applied 

to reduce all of the results to a southerly (pole-ward) 

aspect •. These correction factors were obtained from 
1 

the stu~ of the present snowline. Although the 

application of aspect corrections generally brought 

the snowline elevations into closer groupings, it 

was not always a simple matter to determine the aspect 

of some of the more complex and curved reconstructed 

glaciers, for example tributary 5-15-11. Correct 

identification of aspect becomes important where the 

steps between the correction values are at their 

largest in the NE and NW quadrantso Furthermore, 

where the glacier trunk is acutely kinked, the relative 

importance of the neve aspect compared with the trunk 

aspect has to be considered.. The values of the 

snowline aspect corrections are listed in table 2, and 

the corrections applied to each former glacier are 

given in Appendix IV. 

(b) Assessment of reliabili~: Wide 
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variations in accuracy of reconstructed glacier 

outlines and terminus positions occur from one basin 

to another, as well as differences in the suitability 

of topography for snowline calculations. It is 

therefore necessary to estimate th'e degree of 

reliability of the computed snowline for each 

reconstructed glacier •. Following an objective study 

of each cirque for which snowlines have been computed, 

employing field observations and aerial photographs, 

three categories of reliability are defined. These are 

tabled in Appendix IV and are also given on the profile 

plots near their respec~ive snowlines:-

(1) Most accurate, where the basin is of a 

favourable shape and the position of the glacier snout 

is well defined. 

(2) Accuracy fair, where either the basin 

shape is un1avourable or the snout position is 

uncertain .. 

(3) Least accurate, where both the basin shape 

is unfavourable and the snout position is uncertain. 

The relative sizes of moraines was found to 

be a useful means of indicating the degree of 

reliability with which the deposit has been identified, 

and for correlation. Most large valley floor moraines 

were found to be of early Holocene age, while large, 

comparatively fresh, sharp-crested upper cirque moraines 

were found to have resulted frOID late Neoglacial events. 

The relative sizes of the moraines tabled in 

Appendix IV are indicated by means of an arbitrary 

scale, viz, 
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A = Large (indicated by contours on the 1:63,360 

scale maps)o 

B = Intermediate (readily discernable on vertical 

aerial photographs). 

C = Small (difficult to discern on vertical aerial 

photographs) .. 

The moraine features are further classified 

as terminal (T), lateral (L) or fragmentary (F), i.e. 

eroded remnants of either lateral or terminal 

moraines~ 

(c) Ageing controls: When plotting snowline 

profiles, knowledge of the age of the deposits is 

required in order to prevent the mis-correlation of 

snowline profile surfaces between different areas. , 

Local controls are available from the statistical 

weathering rind studies (Appendix I), which are 

supplemented by many more widely dlstributed weathering 

rind values from samples of a limited number of 

variables, not included in Appendix I .. 

A reliable widespread control is available for 

the McGrath Advance. It has been suggested by Gage 

(1958), that during the final (Poulter) Pleistocene 

advance, large ice streams filled the whole of the 

Upper Waimakariri catchment, and that the recession 

of this ice was a relatively sudden event, for which 

no recessional moraines of any significant size are 

to be found. In consequence, the McGrath moraines 

are normally easily identified as the first substantial 

moraines encountered inside the final Pleistocene 

deposits. In areas outside those contributing to the 
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large branched Pleistocene glaciers, such as in the 

Craigieburn and Torlesse Ranges, this principle does 

not hold. In these areas the McGrath deposits are 

frequently located close behind multiple Pleistocene 

moraines, making it difficult to differentiate between 

the two, for example the moraines of tributaries 

'numbered 3-3 and 3-2-3, on figure 28. 

In some locations the *Barker advance has over­

ridden the "'O'Malley deposits to a greater or lesser 

degree, resulting in the debris from both .episodes being 

combined or lapped against each other in imbricate 

fashion to form a single, massive deposit. These 

"combined ll features are easily recognised by both 

th~ir large size and their comparatively fresh Barker 

surfaces. They can afford good age indications for 

the younger deposits, and are delineated on the snowline 

profiles (figures 7 to 9), with both a "c ll and the 

combined colour codes of the Barker and O'Malley 

advances. 

(3) Compilation of snowline surface profiles 

Field work and stereoscopic coverage of aerial 

photographs was concluded with the production of the 

nine features maps, covering the stu~ area at a scale 

of 1:63,360 (figures 22 to 30). On these maps are 

shown all of the recognised glacial features, together 

with those of related alpine processes. 

(a) Computation of past snowlines: Past 

snowline computations were made directly from the 

*See Chapter IV, Proposed glacial sequence. 



enlarged contoured base maps at a scale of 1: 31,680, 

which afforded a greater control of accuracy than 

would have been the case if the 1:63,360 scale maps 

had been usedo From the features plotted on these base 

maps during the course of the field work, the lower 

limits and outlines of past glaciers were reconstructed 

for locations where sufficient reliable data were 

available. From this information, the past snowline 

elev'ations were computed by either moraine-headwall or 

area-altitude ratio methods. The latter, more accurate 

method was preferred where the mapped areas of former 

glaciers were large eno'll:gh for planimetering. 

The past snowlines were computed from only 

thqse cirques which contain the glacial deposits 

necessary to delineate the lower margin of the 

reconstructed glaciers and to afford evidence from 

which the glacial advance may be dated. Cirque floor 

levels, the observations so often employed to derive 

snowline elevationsfwere not used in this study. Apart 

from there being a notable absence of mature cirques 

with sufficiently well-developed level floors from 

which to estimate snowlines, cirque floor levels can 

be misleading,particularly when dealing with Holocene 

glaciers. This is because most of the cirques 

encountered had resulted from the composite erosional 

effects of a number of Pleistocene ice advances, and 

in addition it was found that higher basins in the 

headwaters had been excavated by rotational flow of 

ice streams tributary to the major Pleistocene glaciers, 

(Lewis 1960, Paterson 1969). 
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(b) Table of past snowlines: All of the 
I " 

snowline and aspect data are tabled in Appendix I~ 
, _/ 

where, because the base maps are contoured at 100 ft. 

(30m) intervals the elevations given are direct 

conversions from feet to metres. The rounding-off 

of these values was accomplished graphically when 

plotting the profile figures. Meanwhile, the impression 

is given of a greater accuracy than is actually the case. 

Reliability of the data and basin-aspect correction 

factors described above are both given on this table. 

(c) Snowline surface profiles: Pr~ liminary 

investigations using a n~ber of differing approaches 

failed to show any sets of trend surfaces for the 

altitudes of the past snowlines.. The explanation 

was later found in that individual snowline variations 

between glaciers of the same age and the snowline 

elevation differences between successive glacial advances 

were of a similar magnitude. The difficulty was 

accentuated by the fact that most of the glacial 

advances were multiple events, giving early (lower) 

and late (higher) sets of snowline elevations. In. 

order to distinguish between the trend surfaces of 

each advance, the result~ were plotted on profiles 

taken along each mountain range, on the assumption that 

although the individual snowline surfaces may differ 

markedly in altitude from one range to the next,they 

change smoothly without any steps along the axis of 

one range. 

The snowline profiles were established by using 

only the more reliable values (reliability 1, and 
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occasionally 2, of the reliability scale, Chapter 

III-II (2)(b)) to which a correction for aspect had 

been applied. In a small number of cases, snowline 

elevations were available directly from the altitude 

of the upper limit of uneroded lateral moraines. By 

use of only the more reliable data (indicated b,y 

arrows on figures 7 to 9), the trend surfaces became 

apparent and they could be plotted on the profiles. 

Once the snowline surface profiles were established, 

the remaining less reliable snowline values were 

plotted on the profiles. It was then possible to assign 

ages to these snowlines, relative to their respective 

ages in the Proposed Glacial Chronology, (Chapter IV), 

from their positions in relation to the snowline 

profiles. Supporting evidence for ages thus estimated 

was available by reference to the moraine sequences. 

The snowline surface profiles are given in figures 

7, 8, and 9, together with snowline data from Appendix 

IV. 

(d) Isopleth maps: Isopleth maps (figures 

10, and 11) of the trend surfaces of the mean snowline 

altitudes for two advances, well separated in time, 

were constructed from the snowline profiles. These 

maps show the regional trends of the snowline altitudes 

from which the climatic interpretation in Chapter V 

have been made. These two maps showed such similar 

patterns that it was considered unnecessary to construct 

maps for the other intermediate snowline surfaces. 

(e) Snowline elevation variation diagram: The 

snowline surface elevations from the main divide area 
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near Arthur's Pass were combined with the age data 

derived from the weathering-rind thickness growth 

curve, (figure 40) to produce this diagram, (figure 

12). Given here are the ranges in snowline elevation 

for each advance, plotted against the approximate 

duration of each advance. 

Because the rind-thickness ageing method gives 

only approximate results, the accuracy of the ages 

plotted on this diagram are no greater than + 1~fo 

of the plotted age. 

(f) Accuracy: The sources of errors in the 

process of "snowline com~utation may be divided into 

(a) topographic errors, (errors inherent in the 

suitability of the glacier itself, and (b) computation 

errors .. 

Topograpbic errors arise where the shape and/ 

or the gradient of the basin is unfavourable. Simple 

basins of gentle gradient afford the most consistent 

results o "Spilled" moraines (see Chapter lI-II(c)), or 

sharp breaks of slope likely to have produced icefalls 

generally render a basin unsuitable for snowline 

determination. Those glaciers with uniform lower 

gradients, for example, the Pleistocene glaciers of 

the Craigieburn Range, were deemed to give the most 

accurate results. Shorter glaciers which cover 

smaller ranges of altitude have a reduced range of 

snowline error, and thus give a more accurate definition 

of the snowline. This accuracy applies only down to a 

certain limited minimum glacier size. Small steep 

glaciers and snow patches m~ have snowlines depressed 
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some hundreds of metres below the true snowline 

elevatio~ by protalus processes and other effects. 

Pewe and Reger (1972), suggest such depressions m~ be 

as much as 800m. 

Computation errors arising from plotting 

procedures have been estimated in decreasing order 

'of magnitude:-

(i) From plotting moraine (glacier termini) 

positions, wh~n transferring the features from aerial 

photographs to contour maps. 

(ii) Estimation of the glacier upper limit 

elevation .. 

(iii) Accuracy of contours. 

The contour interval of 250 ft. (75m) on sheet 

858 was found to give results of an unacceptable 

standard, because the contour interval was of a similar 

order of magnitude to the snowline altitude differences 

between successive advances. The contour interval 

of 100 ft. (30m) on the remainder of the base maps 

gave good results. Sheet 858 was replaced by compilation 

sheets having a scale of 1:15,840 and 100 ft. (30m) 

contour interval. These larger scale maps provided 

the highest degree of accuracy of all and in addition 

allowed AAR computations to be made on glaciers of 

smaller size .. 

In the AAR calculations, reconstruction of the 

glacier outline was the main source of error. It was 

found to be very difficult to estimate the positions 

of the ice margins to within an elevation error of 

100 ft. (30m) especially in the steeper narrow valleys, 
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and to delineate the outline of neve areas of basins 

with complex ridge systems at their heads 9 Corrections 

applied for aspect always brought data into closer 

agreement, but on a small number of north-facing 

basins, the correction of 220m appeared to be greater 

than that required. This is possibly because aspect 

to prevailing winds also influences tpe snowlines, as 

ridges normal to the prevailing wind tend to have 

lower snowlines due to "snow fence" effect (Paterson 

and Robinson, 1969). 

The compilation of the snowline surfaces by 

plotted profiles allows ,for objective consideration 

of the data for each reconstructed glacier, and for 

the smoothing of local and individual inconsistencies. 

Thus any individual misinterpretations or local errors 

occasioned by the topography are smoothed out, and a 

close representation of the true snOWline surface 

results. A few of the ages assigned to the more 

unreliable snowlines, following the establishment of the 

profile lines, may be in error, especially where 

multiple deposits occur from each of two or more 

separate advances. Any errors of interpretation of 

this type which might have occurred will not effect 

either the snowline surface elevations or the glacial 

chronology. To be certain that all age identifications 

given in figures are correct, each glacial deposit 

in the study area should be visited in the field. 

Short-term climatic fluctuation effects are 

dampened by both the glacier dynamics (the larger the 

glacier, the longer its response time), and the time 
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taken for moraines to be deposited. Each single 

moraine, therefore, represents the meaned result of 

a period of minor climatic oscillations and the 

associated short-term glacial fluctuations" 

Consequently, past snowlines derived from morainic 

evidence will be the mean snowlines for the time taken 

to form that moraine, whereas present snowlines derived 

from the ELA of a glacier will be the ,snowline for 

only the year when the observation was made·. Because 

of this, past snowline altitudes will be more 

consistent than those for the present snowlines~which 

have been observed only once during a period of 

relatively rapid glacial recession. This meaning effect 

also allows the relatively small changes in the snowline, 

between the beginning and end of each advance, to be 

computed from the sequence of moraines. 

III PAST SNOWLINES 

(1) General 

A total of 321 snowline calculations were made 

for this stuqy, 257 were by the moraine-headwall method 

and 64 by area-altitude computation. The snowline 

surfaces of each glacial advance plotted from these 

calculations give a representation of the regional 

climatic trends arising from weather patterns and 

topographic influences. The expected easterly rise of 

snowline elevation following the precipitation gradient 

is apparent, but an unexpected depression in the 

snowline surfaces towards the north occurs with 



each glacial advance. (See Chapter V-II, Climatic 

Interpretation). Elevation differences between the 

snowlines of successive advances show a regional 

consistency with very few cases of convergence or 

divergence. This consistency is shown in the 

similarity between the shapes of the snowline surfaces 

on the Isopleth maps, (figures 10 and 11), for the 

McGrath and OIMalley advances. 

From the snowline profiles (figures 7 to 9) 

the mean snowline elevations, together with differences, 

were calculated and are tabled below. Because of 

the considerable regiona~ variation, these values 

were calculated for one area only, that being the main 

divide in the vicinity of Arthurts Pass. To obtain 

Pleistocene values for this area the snowline 

elevation differences for the Torlesse and Craigieburn 

ranges were assumed to apply here, and Pleistocene 

snowline elevations were obtained simply by 

subtracting differences from the mean McGrath advance 

snowline elevation.. The table below indicates a 

snowline elevation rise of 650m from the end of the 

Pleistocene to the present day, and it is noteworthy 

that the 200m rise in snowline from the Barker 

Advance to the present day is the greatest amplitude 

recorded in any single event on this table. 



TABLE :3 

PAST SNOWLINE ELEVATIONS (M) 

Glacial Advance Snowline Elevation Rise 

Present Day 1900 -

Barker 1700 to 1900 200 
0 

O'Malley 1600, to 1700 100 
0 

Arthur's Pass 1500 to 1600 100 
20 

McGrath 1420 to 1480 60 
170 

Tims Stream 1250 -
100 

Porter 1150 -
180 

Kowai 970 -

(2) Snowline irregularities 

A small number of inconsistencies occurring 

in the profiles require explanation. Most occur in 

areas where field work was minimal, for example in 

Section VI, and most may be explained as 

misinterpretation of features where the interpretations 

have been made from aerial photographs only. 

Section I, (figure 22), includes two sets of 

moraines which have abnormally-positioned snowlines. 

The Arthur's Pass advance moraines on Arthur's Pass 

itself have derived snowlines which plot up to 300m 

below the expected level for this advance, placing them 

below the snowlines of the earlier McGrath Advance. 

A possible explanation for this anomaly is that the 

Otira Valley is particularly unsuited to snowline 

calculations, with its broad steep neve areas 
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parallelling a precipice alongside a narrow, low­

,gradient valley. In addition, a "coalescing glacier" 

effect may have occurred where numerous termini of 

ice falls m~ have combined to pond ice in the low­

gradient valley to such a depth as to bury the 

precipice and to raise the ice level sufficiently 

to increase the effective neve area. This effect would 

give a large impetus to the glacier snout, in a manner 

similar to tb,at discussed by Cooper (1937) in "The 

Problem of Glacier Bayll .. 

Another inconsistency in Section I occurs on 

Mt Bealey (plate 14) where, on tributary 30-1, two 

moraines have been aged by weathering rind thickness 

(samplesE and F figure 32) and both show evidence 

of a McGrath advance age, from both the rind 

thicknesses and the volume and surface appearance .. 

Yet the snowlines for these two deposits plot some 

140m above the expected elevation for this area. 

Meanwhile, located just within the proximal margin of 

this McGrath moraine, is a fresh, blocky mormnic deposit 

which exhibits the weathering characteristics of Barker 

advance age (sample U, figure 34). The snowline derived 

for this deposit plots some 60m below the regional 

snowline elevation. This depressed Barker advance 

snowline m~ be explained as an extreme case of a low 

protalus deposit, while the anomalously high position 

of the former McGrath age moraine awaits explanation. 

In Section II (figure 23) a feature on tributar,y 

24C-2-1 was identified in the field as a moraine, 

together with a landslide deposit below it in the 
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Barker 
moraine, 

c l ose 

PLATE 14-

morai ne , B, and McGr ath 
, occurring in anomal ously 

pr oximit y on Mt Bealey . 
Figure for scale. 

72 



East Edwards riverbed. The snowline elevation 

calculated for this feature suggests that it is more 

likely to be a dissected remnant of a landslide than 

a glacial deposit. 

Section IV (figure 25) on tributary 5-1 5 

has a well-preserved,double-ridged morainic deposit 

under f.orest cover, which was identified as a moraine 

both in the field and on aerial photographs. However, 

a snowline computed for this featur·e lies some 150m 

below the McGrath advance snowline profiles for this 

vicinity. Despite its apparent morainic form, the 

feature is tentatively identified as a landslide 

deposit, both on the snowline evidence and because 

other nearby landslides indicate instability in this 

area. 

A number of features in Section VI, seen only 

on aerial photographs, are shown on figure 27 as 

indeterminate moraines. Computed snowlines for these 
.. 

features lie so far below the repional snowlines for 

the area that a glacial origin is most unlikely. 

The complex features on Mt Binser are treated separately 

in Chapter IV-II. 

Two well-developed cirques which contain a 

comprehensive but obscure sequence of moraines and 

tills occur on a peak above Lagoon Saddle (tributary 

22-2), in Section V. Cursory rind thickness data from 

these moraines suggests that the deposits of these 

cirques cover the complete age sequence from 

Pleistocene to Barker Advance. However, the drived 

snowlines are of such unusually low values that to 
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plot the profile lines through these points would 

introduce a deep trough into all of the snowline 

surfaces of this area, for which there is no apparent 

explanation. Only a limited number of rinds was 

examined on these moraines, and as the till was 

mainly of fine material, the anomalously youthful ages 

are attributed to disturbance of the surface by 

solifluction processes. A fresh, angular, blocky 

moraine of Barker age at the top of this sequence t 

however, cannot be explained in this manner, although 

it may be in part a protalus deposit. In the absence 

of further field eVidence, this set of snowlines has 

not been used in the profile plots. 
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CHAPTER IV 

I PROPOSED GLACIAL SEQUENCE 

(1) Proposed Chronology 

On the evidence from moraines of smaller 

past glaciers and cirques, a sequence of glacial 

events has been established from late Pleistocene 

times to the present. This chronology rests on 

correlations ~ade throughout the study area because 

no single valley contains a full sequence of deposits. 

The correlations were made mainly by comparing the 

weathering-rind thicknesp of surface boulders, but 

a number of additional methods was employed and these 

are discussed in Chapter III. 

Three separate Pleistocene advances are 

recognised, the earliest evidenced only by isolated 

till exposures which retain no surface morainic forms. , 

The deposits of the two later advances are normally 

found as well-defined moraines in close proximity to 

one another. The Holocene moraines may be separated 

into four stades, the earliest of which occurred 

shortly after the commencement of the Holocene 

period. The remaining stades are contained within 

the period named Neoglaciation by Porter and Denton 

(1967), .and defined as the "period of glaci er expansion 

subsequent to maximal Hypsithermal shrinkage" .. No 

direct evidence, however, was found during the study 

in support OI this warmer period. 

The proposed chronology is outlined below, 

where for convenient reference the Neoglaciation has' 
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been subdivided into early, mid, and late Neoglacial 

periods:-

Present glaciers 

Barker Advance 

O'Malley Advance 

Arthur's Pass Advance 

McGrath Advance 

Tims Stream Advance 

Porter Advance 

Kowai Advance 

Late Neoglacial 

Mid Neoglacial 

Early Neoglacial 

II PLEISTOCENE ADV ANCm 

(1) Kowai Advance 

Holocene 

l Pleistocene 

The most extensive exposures of the oldest 

tills and moraine remnants seen during the stu~ are 

found in the headwaters of the Kowai River, tributary 

1-5, on the south-eastern slopes of the Torlesse Range .. 

(a) Extent: At the foot of the eastern 

slopes of the Torlesse Range, the banks of the upper 

Kowai River show till exposures capped by more recent 

terrace gravels, indicating that the ice of this 

advance from tributaries 1-7 to 1-10 (figure 30), 

combined to extend a glacial trunk at least as far 

as downstream as tributary 1-6. No evidence upon 

which to estimate a terminal position for this glacier 

was forthcoming. Near the confluence of stream 1-6, 

with the Kowai River, large morainic boulders up to 

1.5m in diameter were found some 50m above the present 

stream bed, on the upstream side of a small bedrock 
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ridge obstructing the lower end of the valley. 

Although no exposures were available, the nature 

and position of the deposit indicates deposition 

in close proximity to an ice margin. On this, 

admittedly sketchy evidence, a snowline elevation 

value was calculated for this advance. 

In Castle Hill Basin, evidence of early 

glacial activity is available at a number of locations, 

but none of t~ese deposits give any indication of ice 

margin positions from which former snowlines may be 

estimated. Exposures on the Canterbury Winter Sports 

Club skifield road betwe.en Cuckoo Creek (3-3-4) and 

Wall Creek (3-3-5) show weathered till deposits at 

an altitude of 1,200m (plate 15). Poorly exposed 

cappings of coarse gravels on Long Spur and on the 

spur between Broken River and Cave Stream are considered 

to have glacial origins, Speight, (1935); Gage (1958); 

Breed (1960); together with 2m to 3m surface boulders 

behind Hogs Back. There is insufficient immediate 

evidence to decide whether these deposits result from 

one or many glacial episodes. From a study of the 

terraces of the area, Breed (1960), has shown that 

these deposits result from two different Pleistocene 

advances. The deposits indicate that for both of 

these advances the ice extended beyond the foot of 

the ranges to one or a number of piedmont glaciersQ 

On the Canterbury Winter Sports Club road, the till 

exposure occurs at a break in slope of the ridge where 

the steeply-descending ridge flattens considerably 

in gradient. Further ridges of a similar shape, with 



breaks in slope at equivalent altitudes,occur 

northwards towards Broken River, but a lack of 

suitable exposures combined with a thick blanket of 

slope debris leaves a possible glacial origin for 

these ridges unconfirmed. 

(b) Deposits: The tills of the Kowai advance 

show a much greater degree of weathering and compaction 

than do the deposits of subsequent advances. Where 

the surfaces have not been overlain by other deposits, 

they have been extensively eroded and reworked by 

solifluction or slope processes. The Kowai River 

in a small gorge above tributary 1-7, affords some 

good exposures of till in contact with bedrock and 

overlain by outwash gravels. The bedrock is shattered 

and closely jointed. In an exposure in a small gorge 

of the Kowai River above stream 1-7, the following 

sequence is shown:-

20cm 

5m 

1m to 2m 

5m 

Bedrock 

Soil and loess cover. 

Well stratified fresh grey cobble 

gravels. 

Boulder gravels. 

Compacted unstratified till, sub-rounded 

to angular clasts up to boulder size. 

Material superficially weathered to 

dull brovm with weathering of all clast 

joints .. 

Shattered and closely jointed, vdth 

slight weathering along joint planes. 
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PLATE 1'5 

Kowai (1) till exposed at 
a cutting on the road to Canterbury 
Winter Sports Club skifield, above 

tributary 3-3-9. 



Downstream of stream 1-7 confluence, further 

till exposures occur along a terrace face above the 

present riverbed.. Here the upper s·urface of the till 

is marked by a weep line of subsurface drainage from 

the overlying terrace gravels'., Immediately upstream 

of the gorge and exposures (above), at the mouth of 

a small side stream there is exposed a very complex 

interfingering set of beds of soils, slope and till 

deposits on bedrock. The till here appears to be 

slightly less weathered and may be younger than that 

described above.. Other surviving Kowai deposits occur 

as weathered boulder surfaces on a terrace south-east 

of stream 1-9 and 1-10 confluence, and on the summit 

and dovmstream side of a small ridge entering the lower 

reaches of stream 1-7 basin. 

(2) Porter advance 

This glacial episode has been named from an 

extensive moraine sequence displ~ed below cirque 

3-7 in the upper Porter River, (plate 16). 

(a) Extent: Throughout the Torlesse and 

Craigieburn Ranges, Porter advance ice limits are 

frequently well-defined by distinctively broad 

moraines constructed near the toe of the mountain slopes. 

Ice extents on the eastern slopes of the Torlesse Range, 

in the Kowai River valley, were generally contained 

within the smaller tributaries and never reached as 

far as the main valley& The remainder of this face of 

the range displays only indeterminate vestiges of 

moraines, giving little reliable evidence of ice extents. 
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PH T P T C 

PLATE 16 
Porter moraines of basin 3-7 and 3-8 of the Porter Ri ver. 

P, Porter moraines, T, Tims Stream moraines, C, assumed line of 
contact between the two. PH, Porter Heights Skifield. 
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Glaciers during Porter time undoubtedly existed on 

the northern Torlesse Range slopes, but tectonic 

deformation and extensive erosion have rendered any 

remaining traces of ice extents unreliable. 

Throughout the Craigieburn Range, glaciers 

reached the Castle Hill Basin floor from all of the 

larger valleys, and a number of the glaciers developed 

laterally-expanded termini. In few if any instances 

did the glac~ers coalesce to form a piedmont glacier. 

Towards the north-eastern end of the range, Porter 

moraines become more di.scontinuous and undefined, 

making the demarcation ~f former ice limits very 

indistinct. No Porter advance deposits were found 

northward of Mt Manson (stream .3-2-4), beyond which 

all tributaries flowed into a Blackwater advance 

distributary (Gage, 1958) of the Waimakariri Glacier. 

East of Castle Hill Basin, Mt St Bernard and 

Broken Hill have features of morainic form alongside 

streams 3-1 and .3-2-1 which have been tentatively 

attributed to this advance. Possible Porter deposits 

on the northern slopes of the Torlesse Range are 

masked~by extensive erosion, landslide and tectonic 

activity, so that no estimates of ice extent have 

been made from this locality. 

(b) Deposi ts: Many Porter advance deposits 

occur as distinctive massive lateral moraines, found 

near the valley floors of both the Craigie burn and 

Torlesse Ranges. Torlesse terminal positions are 

poorly defined in the narrow valleys, although many 

large dissected lateral moraines survive, which 
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PLATE 17 
Porter moraine exposure in branch 

1-6-1 of the Kowai River, Torlesse Range. 



constitute complete spur ends in some instances. 

(Plate 19). The moraine surfaces are mantled by a 

thick cover of loess, and surface boulders are rare. 

Exposures are limited because Porter moraines tend to 

have been protected from stream erosion by enclosed 

moraine loops of subsequent glacial resurgences. The 

few exposures show a light weathering discolouration 

of the till matrix which varies with depth of burial 

and with insignificant weathering of the clasts 

(plate 17) .. 

Distinctively large Porter advance moraines have 

been constructed in the ~owai River tributaries 1-6, 

1-8, 1-9, in tributaries 3-7 and 3-8 to the Porter 

River and in Tims Stream, 3-3-3. A further massive 

moraine, some 80m in height occurs outside the area 

near the headwaters of the Ryton River. This feature 

has been included in the study (figure 28) because its 

form provides a reliable snowline for comparison 

purposes .. 

The moraines of both the Porter River and Tims 

Stream both record multiple ice advance events, 

(plates 16 and 18), beginning with an extensive ice 

expansion which in some cases spread beyond the confines 

of the valleys.. Between the small outermost deposits 

and the inner Tims Stream moraines, a series of moraine 

ridges are spread in a sequence, covering the whole 

area. These features indicate that the initial ice 

stand was of short duration and was followed by a long 

and gradual recession wherein small pulses or standstills 

occurred", 
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In the smaller basins of the ranges, Porter 

moraines are frequently to be found at bigher elevations, 

but because of the higher gradients of the slopes, 

these moraines have suffered a greater degree of 

erosion and modification. 

(3) Tims stream advance 

The final Pleistocene advance is named from 

distinctively massive lateral moraines in Tims stream, 

3-3-3, superposed behind the Porter Moraines. 

(a) Extent: Separate Tims Stream glaciers 

left deposits throughout the Torlesse and Craigieburn 

Ranges and towards the eastern end of the Black Range. 

Outside these ranges evidence shows that few 

individual small glaciers existed, and that almost 

all of the small basins were tributary to the 

"Waimakariri Glacier" It 

Ice extents on the eastern Torlesse Range of 

this stade did not quite reach the valley floors, but 

occupied the narrower valleys within and close to' 

the limits of the Porter advance, (plate 19 and figure 

30). Although the extent of the glaciers was close 

to that of the Porter advance, the ice tongues had 

a much reduced thickness. Along the Craigieburn 

Range the ice reached the margins of Castle Hill Basin, 

but as with the Porter advance, towards the north­

eastern end of the range, the ice limits are poorly 

defined 0 Separate Tims Stream glaciers existed in 

Ribbonwood stream, 3-2-3, and tributaries to Cass 

River 12, where traces of the previous Porter advance 
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have been removed by erosion. Inland from the Cass 

River area, no further Tims Stream terminal moraines 

were found, supporting the probability that glaciers 

of the northern flanks of the Black Range were joined 

with the Waimakariri ice trunk. 

The farthest westward evidence found of an isolated 

Tims Stream glacier is a well-defined moraine at a 

small, low-gradient basin on Woolshed Hill, at 

tributary 13-~. Little evidence remains of the 

margins of the main "Waimakariri Glacier" from which 

to estimate ice profiles. Along the northern slopes 

of the Black Range inter~ittent segments of kame 

terraces and lateral moraines are to be found, but 

no ice-margin stream channels were seen. Rare 

recessional moraine traces from lower ice levels 

are to be found along parts of the upper Black Range, 

near the Bealey-Edwards confluence, 24A and 24B and 

well up the Waimakariri River opposite tributary 

42, figures 17, 14 and 13. On the valley floor the 

only deposits found of this advance were thin till 

coverings on roche mountonnes. 

At Lagoon Saddle, (22-2) lateral moraines of 

two well-formed cirques on the peak near Mid Hill, 

descend towards the saddle but are truncated at 

approximately 1450m without any suggestion of an 

ice terminal. Another moraine at a similar altitude 

has been constructed on a saddle at the headwaters 

of Broad Stream (19-2). These two features, together 

with a barely-perceptible vegetation IItrimline li 

suggest an ice level of 1450m for Lagoon Saddle, 

95 



96 

T r, ,. 

P. T 

t 

( ' 

PLATE 18 

Part of vertical Aerial Photograph 2748/24, 
of Tims Stream , centre , and .1aterfall Creek , left . 

T Tims Stream moraines . 

P Porter moraines . 

K . Probable Kowai till . . 
S Scarp . 

H Hogs Back Hill . 



which implies a 200m depth of an ice distributary 

from the Waimakariri. 

(b) Deposits: There is little difference 

in surface appearance and weathering, upon which to 

distinguish between the Tims stream and Porter 

deposits. Surfaces of Tims stream moraines are barely 

detectably fresher and less subdued than those of the 

Porter moraines. Loess deposits cover the moraines 

and surface boulders. These are' not plentiful, 

although in some instances seen in the Torlesse area, 

the loess cover is minimal. Rind thicknesses of the 

surface boulders are variable and cannot be used to 

estimate age as these deposits are beyond the range 

of thismethod o (See Appendix I).. Tims stream 

moraines are typically large in volume and appear 

to override those of the preceding stade, (plates 16 

and 18). The spread of terminal moraine positions 

is limited, indicating a reduced amplitude of 

fluctuations for this stade. Good exposures are 

limited, but are more plentiful than those for the 

Porter advance as a result of the tendency for Tims 

Stream moraines to occur asa barrier against stream 

erosion between Porter moraines and the present 

streams. The degree of weathering of the tills is 
, 

very variable ,depend'ing on the depth of burial" Tills 

near the surface have a light yellow oxidised matrix, 

weathered joints of the clasts, but no perceptible 

weathering of clast surfaces, while deeply-buried 

tills show little discolouration. The only difference 

in degree of weathering between the Porter and Tims 
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PLATE 19 

Headwaters of the Kowai River in t he Torlesse Range. 
P, Porter moraines. T, Tims Stream moraines. M, McGrath 

moraines. K, boulder s of possible Kowai till, p and t, out 
wash terraces having closest relationship to P, and T, moraines r espect ively. 
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Stream advances appears to be the depth to which 

weathering has penetrated, and without suitable deep 

exposures this criterion is of little assistance in 

distinguishing between the two events. 

II THE PLEISTOCENE-HOLOCENE BOUNDARY 

(1) General 

Following close on the recession of the last 

Pleistocene ice advance, extensive fluvial deposits 

were deposited in the valleys upstream of the Tims 

Stream moraines. Ample evidence of this fluvial 

activity is seen in the massive fan development and 

valley infilling throughout the area. Alluvial 

terrace development is less prominent, except in 

the Poulter River valley. Associated with these 

alluvial deposits are numerous landslides and geliflually­

disturbed surfaces. The time of this period of fluvial 

activity was established from a number of cases where 

there is a continuous sequence from glacial deposits 

to alluvial deposits, some of which deserve special 

noteo 

(2) Mt Binser area 

(a) Description: From the Waimakariri River 

to the Mt Binser basin (tributary 7), the following 

sequence of unusually extensive deposits occurs:-

An alluvial fan 1 0 8km in length 'by 3km wide 

extends out into the Waimakariri riverbed, where the 

steep toe of the fan is 70m in height, (plate 20). 

Clearly visible near the toe of this fan are lake shore-
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lines of glacial Lake Speight (Gage, 1958). Exposures 

at the steep fan toe show steeply-dipping well-stratified 

beds, considered to be foreset, overlying thick 

unstratified deposits of till or mudflow material, 

(plate 21)0 The surface of the fan is furrowed by old 

stream channels, and heavily mantled by loess and soil, 

beneath which there is up to 1m of disturbed, 

unstratified gravels o The present stable underfit 

stream bed is incised to approximately 10m, and is 

bordered by levees containing boulders up to 3m in 

diameter. The fan debouched from a narrow valley, now 

completely choked by a ~assive blocky deposit which 

fills the valley for some1.3km. This deposit consists 

of angular boulders of 10cm to 2m in size, and shows 

an incipient surface relief of small mounds and 

longitudinal ridges. The bare rock surface has no 

cover of loess or soil, and the present streams flow 

underground throughout the length of the structure, 

reaching the surface only where the deposit terminates 

in a steep blocky front near the angle of repose. The 

rocks of this deposit have a pebbly sandstone 

composition (Folk, Andrews and Lewis, 1970), which is 

of notably coarser grain size than occurs elsewhere 

in the area Q The upper limit of this rock glacier 

type of feature grades quickly from angular boulders 

into a substantial morainic deposit of mounds, ridges 

and hollows, composed of unsorted pebble to cobble-

sized material with isolated boulders. This deposit 

supports a full cover of loess and soil, but again the 

underlying material is permeable, as streams entering 
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PLATE 20 

Extensive alluvial fan developed 
below Mt Binser (B) . R, "rock glacier ll 

deposits. L, lake shorelines. P, 
location of photograph, plate 21 . 

PLATE 21 

Deposits at the toe of the Mt Binser 
alluvi al fan. A, till and/or mudflow deposits. 
B, possible foreset beds dip~ing at 25°, angle 

of contact 5 • 
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Upper Mt Binser valley deposits. 

PLATE 23 

Lower Mt Binser valley deposits, tributary 7. 
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hollows at the headwall drain into subsurface 

channels. 

The steep headwall of the cirque basin, rising 

from immediately behind the upper deposit, takes 

the form of a flat face, suggesting that the extensive 

volume of material in this deposit was not removed by 

a cirque glacier mechanism. 

Down-valley from Mt Binser a smaller adjacent 

valley (tributary 6), displays at its mouth a 

comparatively large morainic ridge, up to 20m in height 

and containing boulders up to 2m to 3m in diameter. 

A lack of good exposures made it impossible to determine 

whether this deposit had a glacial or a mudflow origin. 

However, t.he computed snowline for a glacial origin 

is far below that of the Pleistocene snowlines for this 

area, suggesting a mudflow origin. 

(b) Interpretation: The following sequence 

of events is given as an interpretation of the features 

examined at Mt Binser:-

Contemporaneous with the recession of the 

Pleistocene glaciers and the formation of the ice­

dammed glacial Lake Speight (Gage 1958), the Binser 

fan was rapidly built out into this lake. The whole 

of the fan-building process, which had to begin after 

the maximum ice extent, was completed before the lake 

disappeared when the moraine and/or ice dam was 

destroyed. The relatively short time available to 

build such a large fan indicates extreme instability 

in the area D The final (surface) deposits on the 

fan included those of some large mudflows, which placed 
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large boulders in levees beside the stream channel. 

It is postulated that the events most likely 

to have halted the fan-building processes were either 

a large landslide or a sudden change to a cooler and 

drier climateo The former is the more likely case, 

as the change requires the cessation of high stream­

flows which carried 3ma diameter bould~rs in mudflows, 

to a small steady flow, which up to the present has 

made' only a small incision into the alluvial fan. 

This change must have occurred before the draining of 

the lake, otherwise there would be some evidence of a 

large incision and a building of a lower-level fan that 

would have accompanied the drop of some 70m in base 

level. 

Evidence of a large landslide 1S available 

in the large volume and low altitude of 810m, reached 

by the "rock glacier ll fe,ature within the cirque basin, 

(plates 22 and 23)... This feature, however, is not 

considered to be a true rock glacier because of the 

very low altitude reached by the deposit.. The 

calculated snowlines for any of the deposits in this 

basin fall up to 200m below those of any post­

Pleistocene snowlines computed for this area, (figure 8) .. 

The lowest of these snowlines, when applied to this 

feature, give an area-altitude ratio of 1:16.5, which 

is well below that of 1:7 found by Potter (1972) for 

a rock glacier .. 

This ratio is considered to be too low to support 

a true rock glacier by the normal processes.. The 

explanation proposed for this feature is that a large 
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landslide fell onto a small glacier at the valley head, 

causing an unusually thick rock glacier to form. This 

"rock glacier" survived until it had moved the 

landslide material down-valley and re-exposed the 

neve area 9 when it would revert to a normal glacier. 

Subsequent smaller single or multiple landslides 

then occurred, bringing down finer material of a different 

lithology. These landslides again possibly covered a 

small glacier, because distribution and surface 

morphology of the debris, together with hollows at 

the foot of the headwall, are best explained by 

invoking some degree of glacial movement following the 

landslide. 

No glacial acitivity could have existed in the 

Binser cirque during the period of fan-building, and, 

because of the relatively low altitude, the next 

period of glacial activity here after the Pleistocene 

glaciations concluded, would not be expected before 
-

the McGrath advance. If the landslide onto a glacier 

hypothesis is invoked for the unusual deposits found 

here, this implies that glacial Lake Speight was still 

in existence by early McGrath advance time, because 

the landslide caused the cessation of the fan-building 

process and the fan displays lake shorelines on its 

final upper surface o 

(3) Poulter Valley 

For 30km of its length above the confluence with 

the Waimakariri River, the Poulter River (tributary 5), 

contains extensive sets of alluvial terraces between 
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Slumped alluvial fan at tributar,y 
5-5 , Poulter River , assumed to have been 

the result of deposition over stagnant ice. 

PUTE~ 
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well-developed alluvial fans. One of these fans, 

opposite tributary 5-5, has a set of two collapse 

features at its lower end, (plate 24 and figure 26), 

while another fan of tributary 5-9 has a central 

collapse·"'depression now containing a pond mapped on 

figure 24. Both of these features are interpreted 

as ice-contact features formed by the collapse of 

alluvial fans built out over stagnant ice .. 

(4) Hawdon Valle~ 

Along the eastern side of the lower Rawdon 

Valley (tributary 13) there is displ~ed a large 

set of sloping terraces 'some 140m above the present 

riverbed .. A number of good sections (plate 25), shows 

the composition of the deposits to be entirely of 

sorted and well-stratified fine angular gravels, 

deposited at an angle of 100 in a direction towards 

the axis of the Rawdon River.. From the sur£ace down 

to depths of up to 2m, the gravels show a zone of no 

stratification, presumably as a result of disturbance 

by geliflual processes .. 

A downslope projection of the surface of these 

deposits meets the opposite side of the valley well 

above present riverbed level, but no vestiges of any 

matching terraces were found in this locali~. 

The formation of such substantial high-level 

deposits, on one side of the valley only, requires 

control by a temporary high base level situated some­

where near the middle of the present riverbed. It 1S 

suggested that these "terraces" are alluvial fans 
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PLATE 25 
Deep colluvium deposits in the lower 

Hawdon valley. 

Descriptive section 

Top 
2m to 3m unstratified soliflually 
disturbed gravels. Strongly 
weathered to 3m to 4m depth . 

(Section partly obscured by dissected 
scree). 
Coarse, stratbfied sub-angular gravels 
dipping at 10 . Boulders to 20cm diao 

Unconformity? 
Fine stratified colluvium. Sub­
angular clasts to 15cm. dia. 
Weathered matrix. 

Rawdon riverbedo 
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washed out against a barrier of stagnant ice. 

(5) Rawdon Cirque 

Tributary 13-5, which cuts through the upstream 

end of the "terrace" formations described above, has 

a maturely-·developed cirque situated above an 

extensive valley fill of blocky material, (figure 

24). This stepped, permeable deposit of angular, 

blocky rock debris extends some 1.3km under forest 

cover from near the Rawdon River bed, up to the lower 

boundary of the cirque basin. Rere the deposit is 

spread laterally as a 30m to 50m-high barrier of 

extensive knob and kettle topography with concentric 

ridges, enclosing the lower limit of the basin.. This 

depression is drained by subterranean channels, and 

has no silt deposits to suggest present or past ponding. 

This valley has a strikingly similar arrangement 

of features to those' studied at Mt Binser. The 

excellent state of pres~rvation of the features in 

both of these valleys m~ be attributed to the high 

permeability of the deposits, which permits almost 

erosion-free sub-surface drainage. Similar deposits 

m~ have occurred elsewhere, but if they did not have 

sub-surface drainage, the chances of sufficient 

evidence remaining to interpret the sequence of events 

would be very small o Cherrywood Stream, tributary 

5-12-5, may be one such example (see Chapter III). 

The sequence of events leading to features 

of the Rawdon cirque is interpreted in a similar manner 

to those described for Mt Binser. A massive landslide 
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fell onto an existing glacier, partial~ or completely 

burying the ice, thereby creating a temporary rock 

glacier. The rock glacier phase lasted until the 

landslide debris was all carried clear of the original 

glacier site, and the feature then reverted to a 

normal glacier. 

(6) Conclusion 

From the above evidence, the following climatic 

sequence is postulated for the time period between 

the Tims Stream and McGrath advances. 

There was an initial period of rapid warming, 

causing both a sudden collapse of the Pleistocene ice 

and extreme slope instability resulting from the 

sudden change from glacial to fluvial erosion. This 

was a period of rapid development of many of the major 

alluvial fans of the region (e.g o , the Binser, Hawdon 

and Poulter alluvial fans), suggesting that there 

was ample precipitation availa?le for fluvial activity. 

Following this initial warming, a period of cooler 

conditions m~ have followed, to allow large pieces 

of stagnant Pleistocene ice to survive for the time 

required to construct the ice-contact features 

described above. Solifluction disturbance of the 

surfaces of alluvial deposits may have occurred during 

this period and culminated during the McGrath Advance. 

Finally, a marked decrease in fluvial activity with 

the cooling at the onset of the McGrath advance is 

s~ggested, to account for the absence of any evidence 

of secondary fan-building after the disappearance of 

ice from the ice contact features, while slope 
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instability continued to be expressed as landslides. 

III HOLOCENE ADVANCE 

(1) McGrath advance 

This early Holocene study has been named after 

a well-defined set of lateral moraines which terminate 

near McGrath Stream (tribu~ary 24A-9), Arthur's Pass. 

(a) Extent: McGrath glaciers were 

distributed throughout the study area mainly as small 

valley glaciers. Their moraines are well separated 

in distance from the Pleistocene moraines in both 

the Waimakariri and Poulter river valleys, and are 

readily recognised as the first significant valley-. 

floor moraines encountered upstream of the Pleistocene 

ice limits. In the Craigieburn and Torlesse ranges, 

however, these moraines are closely associated with 

those of the Pleistocene advances. In the Waimakariri 

headwaters, ice descended to the valley floors, but 

glacier lengths became progressively shorter with the 

decreasing summit elevations towards the north-east 

along the main divide, until in the headwaters of the 

Poulter River McGrath ice was confined in the main 

to cirque glaciers. McGrath cirque glaciers occurred 

throughout the length of the Black and Craigieburn 

ranges, and the summits of the Torlesse range just 

intercepted the McGrath snowline. 

The largest McGrath glacier flowed from 

Mt Murchison down the course of the pres~nt \Vhite 

River (tributary 38), for 8km, to terminate at the 
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White-Waimakariri confluence, a little below the 

terminal of the glacier from Waimakariri Col 

(tributary 50). Ice occupied the main tributary 

valleys of the Crow and Bealey rivers, but the 

valleys of the Mingha and Edwards rivers were not 

completely ice-filled. The Edwards valley floor 

(tributary 240), has numerous separate till deposits 

attributed to the termini of a number of separate 

valley side glaciers. Glaciers of this type frequently 

form ice-dammed valley-floor lakes, and lake sediments 

which have been radiocarbon aged at 9120±120 years BP., 

(Burrows, 859/551), are to be found near Taruahuna 

Pass. Ice limits of the Sudden Valley (tributary 13-1), 

and Hawdon (tributary 13), rivers are poorly defined, 

while morainic forms at the Rawdon-East Hawdon 

confluence have been attributed to Pleistocene ice 

recession. Throughout the upper Poulter area, 

(figure 25), McGrath glaciers were confined mainly to 

the higher cirques at or above the present fluvial 

dissection limit, with few cases of ice reaching to 

the valley floors. The snowline isopleth map (figure 

10) shows a depression towards the north-west, in­

dicating that the precipitation divide would have 

tended to be west of the topographic divide, resulting 

in increased glacial activity here. Consequently, 

wherever ice has crossed saddles on the topographic 

divide, ice flow movement was from west to east. 

In support of this concept, a number of instances 

is to be seen where multiple moraine loops on Harman 

Pass (38-2), Campbell Pass (42-2), Arthur's Pass, 
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PLATE 26 

Coarse McGrath moraines, upper Minchin River (5-15-10). 
McGrath I moraines numbered. McGrath II advance indicated. 

L, high level landslide deposit. Photograph from outer moraine loop 1. 



Walker Pass (13-12), and Minchin Pass (5-15-11), 

demonstrate ice movement in this direction. McGrath 

ice occupied all of the higher cirques of the Black 

and the Craigieburn ranges, and a few small moraines 

in the highest basins of the Torless range mark 

the final glacial activity there. 

Craigieburn range glaciers terminated close 

behind the ultimate Pleistocene ice limits, but the 

McGrath deposits, being on higher gradients, have 

commonly suffered considerable modification by erosion 

and slope processes. 

(b) Deposits: The McGrath deposits normally 

exhibit two distinct advances within the study area. 

vVhere conditions have been favourable for deposition 

and survival, the initial advance consists of three 

to four major concentric moraines together with a number 

of smaller ridges, for example, Minchin River at 

tributary 5-15-10, (plate 26) and tributary 24B-6 

to the Mingha Rivero Rind thickness studies made at 

Arthur's Pass do not demonstrate any age differences 

between two McGrath I advances and the single McGrath 

II advance .. 

McGrath moraines tend to be of a greater volume 

and to be comprised of coarser material, with larger 

surface boulders than those of subsequent advances, 

(plate 27). A number of exceptions does occur where 

fine material was deposited, for example, the McGrath 

moraines of tributary 17 near Mt Misery (figure 28) 

and Green Hill, tributary 5-10-5. 

A number of McGrath stade outwash terraces is 
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PLATE 27 

McGrath till exposed on the state 
highway near McGrath Stream. 

PLATE 28 

Fine grained McGrath moraines near 
Mt Misery, in tributary 17. 
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to be seen,which in a number of cases may trace 

directly to their moraine source. A swampy outwash 

terrace extends downstream from the moraines at 

Carrington Hut, (tributary 38), and further downstream, 

above the alluvial fans of Harper Creek (36), and 

Greenlaw Creek (34), higher level terrace fragments 

are ~onsidered to be of McGrath age. On the right 

bank of Harper Creek, a beheaded and now dry streambed 

incised into bedrock, (mapped on figure 22), possibly 

originated as an ice margin stream. The position of 

this channel suggests that if Harper Creek ice did not 

actually reach the Waimakariri river bed, the terminal 

was very close to it. Outwash terrace fragments follow 

the Bealey River. from the McGrath moraines downstream 

through the Arthur's Pass township to Rough Creek, 

where the terrace passes under the Rough Creek alluvial 

fan and landslide debris. Part of the extensive 

terrace development of the Poulter River may be 

attributable to this advance. An excellent exposure 

of the uppermost reaches of these terraces, at 

tributary 5-14, shows the sequence given with plate 7 .. 

The surface of the alluvial fan has a gradient 

of 4 0 towards the Poulter River, while beds A, B and 

C dip downstream at a slightly steeper gradient than 

the 0.50 gradient of the present riverbed. Wood samples 

taken from beds A and C, for radiocarbon dating 

yielded the following ages:-

Bed A, No. S59/554 10,100 ± 200 yr BP. (New half­

life). 
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Bed C, No. 859/559 4,110 ± 70 yr BP. (Secular 

correction applied). 

The older basal river gravels must postdate 

the final Pleistocene glaciation.and the next event 

most likely to have laid down some 6m of alluvium 

is the McGrath advance. The date for bed A should, 

therefore, date the commencement of the McGrath stade. 

The upper date, being so much more recent, apparently 

marks the commencement of the deposition of 

the fanglomerate beds. Further dates associated with 

McGrath advance are given in Appendix IV. Apart 

from the outwash deposits discussed above, few other 

fluvioglacial deposits were noted, and all were 

associated with main divide drainage or the higher 

peaks. 

McGrath advance deposits are frequently 

associated with landslide deposits and, in addition 

to those of Mt Binser, (tributary 7), Rawdon River 

(13-5), and possibly Cherrywood Stream (5-12-5) 

moraines are also associated with landslide deposits 

in the Crow River, tributary 30. At this locality, 

McGrath moraines lie on the upper surface of a deep 

(some 160m) exposed landslide deposit, testifying to 

landslide activity prior to, as well as during, the 

McGrath stade. 

(2) Arthur's Pass advance 

A well-defined sequence of seven moraines 

extending across the summit of Arthur's Pass has 

been employed to name this stade. (Plates 29 and 30). 
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PLATE 29 

Moraine sequences at the summit of Arthur's Pass 
(1) Late Pleistocene ice-contact gravels. 
(2)-(3) McGrath advance moraines. 
(4) McGrath recessional moraine trace. 
(5)-(6)-(7) Arthurts Pass advance moraines, (continued on plate 30). 
F Fault 
I McGrath ice-recessional ter races 
L Landslide deposit 
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PLATE 30 

Upper Otira River, Arthurfs Pass 
moraine sequence continued from plate 29. 

PLATE 31 
Arthur's Pass advance moraines at 1600m 

above tributary 15, in a setting typical for 
the moraines of this advance. 
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The status of this type area for Arthur's Pass 

advance has not been fully resolved because of 

conflicting estimates of the age of the deposits. 

On the results of weathering rind studies (Appendix 

I), the exceptionally well-displ~ed moraine sequence 

of this area showed a good age correlation with other 

Arthur's Pass advances and a significant age difference 

from the nearby McGrath moraines. 

A study of peat bog cores from the summit of 

the Pass made by Dr M. Kelley, however, has yielded 

a radiocarbon age of 9860 ± 140 years BP. for the 

deepest peat sample. This age is closer to that of the 

McGrath stade than the Arthur's Pass stade. Possible 

explanations for this anomaly include:-

(i) The peat bog was not fully excavated 

during Arthur's Pass advance. This is unlikely, as 

no definite hiatus was seen in the core samples. 

However Karlen (1973), has shown from Baffin Island 

that overriden moraines m~ survive the erosive 

effects of a subsequent advance. 

(ii) That the carbon 14 age is incorrect. 

(iii) That the weathering rinds can give 

misleading ages. 

Nonetheless, since the weathering rind studies 

have demonstrated a consistent systematic variation 

of thickness with increasing age with few anomalies, 

and since this study is in part one of statistical 

weathering rind correlations, the use of Arthur's 

Pass as a type area will be retained in this study. 

(a) Extent: The ice extent and number of 
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advances of the Arthur's Pass stade are poorly--defined 

mainly because of the unique position occupied by these 

glaciers, plate 31. In the higher ranges, these 

glaciers tended to terminate in icefalls a little 

below the break in slope now marked by the fluvial 

dissection limit, while many of those glaciers 

occurring near the summits of the lower ranges have 

had their deposits burie~ by scree activity. Arthur's 

Pass deposit~ may be traced down the Black Range as 

small cirque glaciers and onto the Craigie burn Range 

where, with the fall-off in precipitation, the stade 

was represented by a se~ies of rock glaciers. 

Evidently, the Torlesse Range did not intercept 

the Arthur's Pass snowline, as no deposits of this 

stade are to be seen here. 

(b) Deposits: The deposits of the Arthur's 

Pass advance are generally of smaller volume and of 

finer material than those of most other advances. 

(Plate 31). A possible explanation for the fine 

material could be that this glaciation was initiated 

on surfaces covered by scree and slope deposits 

resulting from a previous warmer erosion phase. 

The moraine surfaces are typically subdued~ 

with a loess and soil cover supporting vegetation. 

No outwash terrace deposits are known. 

(3) O'Malley advance 

A sequence of three distinct and well-preserved 

cirque moraines on the south-eastern Mt O'Malley, 

tributary 24A-4, near Arthur's Pass (plate 32), 
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1c 3b 30 3c 

PLATE 32 

Mt O' Mall ey (1 690m) from Mt Bealey 
showing the O' Malley mor aine sequence. 

1,2,3 

a , b ,c 

AP . 

Separate cirque basins . 

Moraine sequence, a , 
y oungest to b , oldest . 

Art hur 's Pass mor aine. 
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have been used to name this advance. The details 

of the relationship between this advance and the 

following Barker advance have been available from 

deposits above Greenlaw Creek, (plates 35 and 43). 

(a) Extent O'Malley deposits are 

frequently poorly preserved because these small 

glaciers, which had a discordant relationship with 

their cirques, either spilled till over the cirque 

lips or left !D-oraines sufficiently close to the 

headwalls that they have been buried by scree 

slopes. None of the glaciers extended to the valley 

floors, yet evidence of ~hese cirque glaciers may be 

.traced north-eastwards along the divide ranges to 

the headwaters of the Poulter River, and eastwards 

along the Black Range to the Cass River tributaries. 

Only the highest peaks of the Craigieburn Range 

carried O'Malley glaciers, and small moraines are to 

be found on Mts Cloudesley and Enys. 

(b) Deposits: Weathering rind studies 

show that the O'Malley stade persisted over a 

comparatively long period of time, figure 12, but 

produced few large moraines. The deposits are more 

frequently in the form of small concentric ridges 

receding back to pass under the subsequent Barker 

moraines. The youngest O'Malley deposits were not 

seen, as the initial Barker advance over-ran the 

O'Malley deposits to greater or lesser degrees. 

A great variation of surface appearance is 

characteristic of the moraines, where the older 

ridges, normally of finer material, support a full 
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AP 1c 3c 

PLATE 33 
View across mora ines on Mt O' Malley , showing the sequence 

as di stingui shed by weathering rind thicknesses: a, youngest, to c, oldest 
moraines. 1,2»3, separate cirques. AP , Arthur's Pass moraine. Mt Rolleston 

( 2271 m) in background. Compare with plate 32 . 



cover of soil and vegetation. This cover becomes 

progressively sparser on the younger, more blocky 

moraines, so that the youngest moraines seen support 

a sparse vegetation cover, or none at all. 

(4) Barker advance 

The name is derived from the massive~sharp­

crested moraine sequence well-displ~ed near Barker 

Hut on Kt Murchison, (see frontispiece). 

(a) Extent: This, the most recent stade, 

began shortly after the final O'Malley phase and 

continued to the present d~. The numerous large and 

small variations within this advance, occurring both 

within New Zealand and in overseas correlatives, have 

received much attention from many authors. Some of 

the more recent New Zealand studies include those 

of Lawrence and Lawrence (1965), McGregor (1967), 

Burrows (1973) and Wardle (1973). Although up to 

7 or 8 separate moraine ridges of this advance m~ be 

counted near Barker Hut, (plate 34), a detailed 

subdivision of this stade was not undertaken in this 

study. The reasons for thi? are.partlY,because the 

extreme range of the snowline elevation changes 

over this period is available without the additional 

work involved, in subdividing the stade; and partly 

because detailed subdivisions have been studied by 

other authors. Wherever reasonably complete Barker 

moraine sequences have been encountered, three 

significantly larger moraines are normally apparent, 

indicating three main advances for this stade. 



PLATE 34 
View down -te River showing fresh, sharp crested 

Barker moraines. B, Barker Hut. ( See frontispiece)o 

PLA.TE 35 
Stereographic pair of moraines below Mt Speight 

(212Om), in tri butary 34-1, showing relationship between 
. O' Malley and Barker dep osits. G7 to G9, O' Malley 

moraines. G10 and younger, Ba~ker moraines. Compare 
wi th plate 43 and f i gure 35. 

126 



All of the Barker glaciers were restricted 

to the smaller cirque type, the snowline not being 

depressed sufficiently to generate valley glaciers. 

These glaciers had a continuous distribution around 

the peaks of the Waimakariri headwaters, but elsewhere 

their distribution was discontinuous. North­

eastwards of Section I, (fig~e 22), isolated Barker 

glaciers were generated on the higher peaks of the 

majority of the ranges adjacent to the main divide, 

extending to isolated occurrences of early Barker 

glaciers in the upper feeders to the Poulter River. 

The Barker snowline passed above the peaks of the 

eastern Black Range and the Craigieburn and 

Torlesse ranges. 

(b) Deposits: The Barker deposits are 

characteristically large,fresh moraines, frequently 

in the form of sharp-crested ridges. The steep 

topography has led to the occurrence of II spilled 

tillsll throughout the sequence, (plate 36), although 

the youngest moraines are commonly well-preserved, 

where they either enclose existing glaciers or are 

developed well within the cirques and have yet to be 

buried by talus development, (plate 35). 

The surfaces show a useful range of weathering 

development~depending upon age and size of material. 

Where coarse boulders are not prevalent, the oldest 

moraines support some soils and sparse vegetation 

cover, while those surfaces of the middle of the stade 

are characterised by a strong pink oxidation cast of 

the boulders, seen to be up to O.5mm in depth during 

weathering rind studies. The youngest surfaces 

12'1 



"Spilled till" and poorly defined 
Barker moraines at the head of the Crow River, 

tributary 30. 

1,2,3 Sequence of three main moraines. 

R Mt Rolleston, 2271m. 

C Crow Glacier. 

L Landslide or "protalus" debris 
obscuring moraine and scree. 

PLATE 36 
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appear light pink to grey_ These three surface 

types provide a useful estimate of age as they 

commonly correlate with the three main advances 

observed. Since lichenometric separation of the 

various advances was not undertaken, and because 

weathering rind thicknesses do not have sUfficient 

sensitivity to differentiate between moraines of 

this age, surface appearance was employed to give 

rough estimates of age for the main advances. 

From comparisons with lichenometric dates from the 

moraines of the Cameron Valley (Burrows pers. comm.) 

and recent moraine studies (Burrows 1973, Wardle 

1973) the following ages are estimated for the main 

Barker advances:-

Earlier (sparsely vegetated) - 13th 

to 15th century. 

Middle (strong pink cast) - mid 18th 

century. 

Younger (light pink to grey) - AD. 

1850 to 1890 .. 

The youngest moraines normally form the most 

massive ridges, which are frequently sharp-crested, 

(frontispiece and plate 34). This form may indicate 

an ice core, but seepage or other evidence was seen 

to indicate buried ice. This type of ridge m~ be 

formed by collapse of the inner slopes following 

withdrawal of ice support, and m~ be maintained by 

stream erosion of the toe of the slopes. The size 

and volume of these moraines is surprising, 

considering that the Barker stade was of no 
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exceptional duration. This phenomena is attributed 

to Barker ice overriding O'Malley deposits and 

incorporating this material to form massive Barker 

moraines. Examples of large moraine ridges formed 

by this process (indicated on figure 7) may be seen 

at Barker Hut (38-8), the Kilmarnock Glacier (38-3) 

and along the Jellicoe Ridge • 

. A cross-section of the lateral moraine beside 

the White glacier indicates the size of these 

moraines by the following heights above the glacier 

margin of the moraine ridges: 

HEIGHT ABOVE 
·WIITTE GLACIER 

10 m 

18 m 

58 m 

55 m 

III 98 m 

II 92 m 

82 m 

I 88 ill 

40 m 

MORAINE 

Lowest enclosing moraine (grey). 

Composite moraine, 4 ridges (grey). 

Till-covered bedrock. 

Small moraine ridges. 

Moraine ridge traces. 

Sharp crest, largest ridge (grey­
light pink). 

Wider ridge (pink cast). 

Moraine valley. 

Rounded ridge (soils, sparse 
vegetation) II 

Older ridge, (O'Malley advance), 
overlain by above. 

I, II, III main advances. 
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CHAPTER V 

CONCLUSION -

I CORRELATION 

(1) Pleistocene events 

The three separate Pleistocene ice extensions 

recognised have been correlated directly with the 

three stages of the Otiran glaciation described by 

Gage (1958) for the Waimakariri: 

Tims Stream 

Porter 

Kowai 

Poulter 

Blackwater 

Otarama 

These correlations have been made by 

comparison of the degree of modification and weathering 

of the moraines, and on position in the sequence. 

Although no deposits older than Kowai were positively 

identified, the possibility remains that some of the 

deposits mapped as belonging to the Kowai stade may 

be attributable to earlier episodes. 

In a study of the terrace formations of Castle 

Hill Basin, Breed (1960), showed a correlation 

between these surfaces and the moraines and terraces 

of the main Waimakariri River. The Cheesman A 

surface (Blackwater) was traced back to the Porter 

moraines, but no moraines of a younger age were 

found to be associated with the younger Cheesman B 

and C surfaces. 

Results of this study indicate that the 
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moraines of two distinct episodes do occur at the 

upper limits of these terraces, the younger Tims 

Stream moraines being superposed on the Porter 

moraines to a greater or lesser degree. The close 

association of these moraines, when compared with 

the 3km to 8km separation between the Blackwater 

and Poulter correlatives in the Waimakariri, may be 

understood if area ratios of the past glaciers are 

considered. The ratio of the total glacier area 

of the "Blackwater Glacier" to that of the "Poulter 

Glacier ll for the Waimakariri River provides a 

figure similar to that obtained by taking the ratios 

between the areas of the Porter and Tims Stream 

glaciers, even though their respective moraines 

m~ show completely different degrees of separation. 

Age differences between these multiple 

moraines are poorly defined, and this fact, combined 

with little vertical separation oetween their 

respective outwash streams, leads to an ambiguous 

relationship between the moraines and their respective 

outwash terraces. As a result of these findings, 

the following correlations with the Castle Hill 

Basin terraces are suggested: 

Tims Stream (Poulter) 

Porter (Blackwater) 

Kowai (Otarama) 

Cheesman C surface 

(Cheesman B degradational 

terrace) 

Cheesman A surface 

Enys surface 
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(2) Holocene advances 

( a) New Zealand correlations: Correlations 

with other Holocene glacial resurgences described 

from New Zealand are somewhat indefinite for the 

earlier Neoglacial deposits, primarily because no 

one author has described a complete three-fold 

sequence similar to that described in this study. 

In addition, a scarcity 'of radiocarbon dates has 

led to the use of a number of' different ageing 

methods. A correlation, based on the results of 

weathering rind studies, with some of the more 

comprehensi ve Holocene m,oraine studies made in this 

country is given in Table 4. 

The McGrath advance shows a good correlation 

both in sequence and description with other early 

Holocene moraines, despite the ubiquitous absence 

of good ageing controls. 

Some of the early-and mid-Neoglacial 

correlations, however, are less clear, such as the 

comparison with the Cameron Valley sequence. This 

correlation demonstrates the differences obtained 

when different ageing methods are employed. The author 

accompanied Dr Burrows on a field visit to the 

Cameron Valley, where a rind thickness study was made 

of the complete moraine sequence. (See Appendix I). 

The results of this study are compared here with the 

results obtained by Burrows employing lichenometric 

and soil profile dating. 
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(b) Correlations abroad: Studies of the 

North American and European Holocene have generally 

shown a pattern of glacial activity similar to that 

found in this study, although the number and 

duration of cycles is not alw~s clearly defined. 

In many areas the maximum post-Pleistocene 

ice extent has been achieved by later Nepglacial ice 

advances, which have effectively obliterated traces 

of earlier cyclogenisis. 

Early Holocene or late Pleistocene equivalents 

of the McGrath advance have been described for Baffin 

Island (Miller 1973), the Colorado Front Range 

(Benedict 1973), and the Sierra Nevada (Curry 1969). 

Denton and Porter (1970), Miller (1973), Benedict 

(1973) and others suggest the occurrence of a 

hysithermal interval at approximately 6000 yr BP., 

although Karlen (1973), on .evidence from lichen ages, 

found a glacial advance during this period. 

The warm interval accords with the time 

between the McGrath and Arthur's Pass advances of 

the Waimakariri,although no direct evidence for a 

warming was forthcoming during the field work. 

A summary of worldwide Neoglaciation by Denton 

and Porter (1970), shows a three-fold resurgence 

with which this study shows good agreement. 

Neoglacial studies from different localities 

have been summarised by Benedict (1973, P.597) 

and here again a 3-fold pattern is apparent. 

Equivalents of the Arthur's Pass stade are shown by 

Denton and Porter (1970), Benedict (1973) for the 
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Colorado Front Range and Taileffer (1973) for the 

European Alps. Possible correlations with the 

O'Malley stade are described as two advances from 

the Oolorado Front Range by Benedict (1973), East 

St Elias Mts, by Denton and Karlen (1973) and from 

Baffin Island by Miller (1973), while a single 

O'Malley equivalent has been described from Mt Ranier 

by Crandell (1969), and from Europe by Taileffer (1973). 

Curry (1969), describes many distinct fluctuations 

within the broad O'Malley interval for the Sierra 

Nevada, a pattern which is remarkably similar to that 

found here in the Waimakariri watershed. 

Correlations of the Barker advance have a 

worldwide distribution and~being the most recent.is 

the best-documented of the Holocene advances. In 

thi.s study the short O'Malley-Barker interval has 

been established on a small but distinct change 

in weathering rind thicknesses. This minor recession 

is discernable on the figures of the comparison of 

glacial chronologies given by Benedict (1973), in 

close agreement with an age of 550 to 800 yr BP. 

found by weathering rind ageing of this study. 

Most of the studies made outside of New Zealand 

are controlled by many more radiocarbon dates than 

are available in this country and the generally good 

agreement between the age and duration of the 

Holocene events of this study when compared with the 

Holocene glacial histories outside of New Zealand 

lends confidence in the validity of ageing by 

weathering rind thicknesses as applied in this study. 
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11 CLIMATIC INTERPRETATION 

By comparing past snowline surface elevations 

and configurations with the present snowlines and 

climate, inferences may be made about the past 

climates. Additional inferences concerning past 

climates are available also from the nature and extent 

of deposits and from erosional featureso A summary 

of the present climate of the area is given in the 

introduction, Chapter I. 

(1) Past snowline profiles 

Although spatially uneven, the snowline surface 

profiles (figures 7 to 9) show both a strong upward 

trend towards the east and a consistent parallelism 

throughout the period of time encompassed by the 

study. Local divergences and convergences of successive 

snowline surfaces demonstrate the variable influences 

of topography on snowlines of different altitudes. 

The gradients of the incomplete snowline surface 

profiles of the Pleistocene episodes are generally 

followed reasonably closely by subsequent snowline 

gradients, suggesting that there has been little 

change in precipitation pattern and direction since 

that time. 

By assuming that the present temperature lapse 

rates have applied from the end of the Pleistocene, 

it may be calculated how far below the present mean 

annual temperatures those of the period under study 

were depressed. The present mean annual temperature 

lapse rate in the vicinity of Arthur's Pass is difficult 
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to estimate, but by interpolating from the values 

given by Coulter (1967), for Auckland, Christchurch 

and Invercargill, a value of 0.5000/100m was assumed 

to be a good estimate. By using this value in 

conjunction with the past snowline surface depressions 

below the present snowline, the corresponding minimum 

temperature depressions have been calculated for 

each glacial advance. These values are given, 

together with snowline depressions in Table 5, below. 

Values obtained by Willett (1950), from cirque floor 

levels, and Porter (in press) for the Mt Cook and 

adjacent regions south of the study area are included 

for comparison:-

TABLE 5 

SNOWLINE .AND TEMPERATURE DEPRESSIONS 
BELOW THE PRESENT 

Snowline Temperature 
(m) Depression, (00) Depression, 

This Study Porter This Study Willett 

Present 0 Q 5~ _9 

Barker -200 ) -1 .. 0 

O'Malley -300 ) -140 -1 .. 5 

Arthur's Pass -400 ) -2 .. 0 

McGrath -4eo -500 -2.4 

Tims Stream -650 ) -750 -303 ) 

Porter -750 ) -875 -3 .. 8 ) -6 .. 0 

Kowai -970 ) -1050 -4 .. 7 ) 

(2) Past snowline surfaces 

The two snowline surface isopleth maps (figures 
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10 and 11) show a consistent parallelism over a 

considerable range of elevations. The surfaces 

are far from evenly graded, having areas of strong 

depression and steps within the general upward 

gradient towards the east. 

Along the main divide, snowline depressions 

tend to occur where summit elevations are low, or 

where broad low passes occur. 

Where ~ mountain range creates a 

precipitation shadow, the maximum precipitation does 

not normally coincide with the range crest. Where 

the range is high, the "precipitation divide" is to 

be found on the upward side of the range and occur s I l';: "'; ; ,,) 

at an "optimum precipitation altitude" .. In case 

of a range being generally lower than this optimum 

altitude, the maximum precipitation m~ be expected 

to occur near the crest or towards the leeward side 

of the range G 

It is postulated that, along the main divide 

bordering the study area, where broad passes or 

peak heights fall below this critical altitude, the 

high precipitation characteristic of the west coast 

is allowed to pass in varying degrees into the 

Canterbury side of the divide. This increase ln 

precipitation depresses the snowline in those areas, 

while the shadow effect of the high ranges tends 

to elevate the snowlines there. This phonomenon is 

particularly well displayed near the headwaters of 

the Poulter River, where the effects of lower ranges, 

and the particularly low and broad Worsley Pass, 
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allow depressed snowlines of the west coast to extend 

eastwards into Canterbury. The snowline isopleths 

indicate that peaks of this locality have been below 

the optimum precipitation elevation from at least 

McGrath times up to the present. The present 

precipitation pattern is reflected in a botanical 

survey of the Waimakariri where Burrows (Pers. comm.), 

found that a typical Westland alpine scrubland 

species Dracoppyllum traversii has a distribution 

in this area which closely follows the isopleths of 

figures 10 and 11. 

Presumably this effect had significance 

during at least late Pleistocene time, to account 

for the unusually large ~ter glacier which, during 

the Tims Stream (Poulter) advance. extended as far 

downstream as the Waimakariri ice, yet was fed from 

much lower ranges. There is little possibility that 

tectonic or isostatic movement has been responsible 

for this effect because of the comparatively short 

time interval since the Tims Stream advance. 

(3) Climatic interpretation of past snowlines 

Table 5 lists the minimum mean temperatures of 

climatic cycles from the late Pleistocene to the 

present da~ estimated from the lowest past snowline 

elevations. Each successive minimum was less severe 

than the preceeding event, and no indications were 

found to suggest that any significant snowline 

depression has been exceeded by a preceeding cycle. 

leading to a glacial resurgence which overrode a 
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previous ice limit. This phenomenon has been 

detected in a number of other Holocene glacial 

studies, for example, Karlen (1973), on Baffin Island. 

The inferred rapid recession of Tims Stream 

ice suggests a relatively sudden temperature rise 

at the close of the Pleistocene EPoch, but the 

indications of stagnant ice persisting for ma.IlY tens, 

or perhaps even "hundreds, of years after the initial 

ice wasting indicates that the end of Pleistocene 

temperature rise ," although abrupt, could not have 

been of any magnitude. 

Throughout the Holocene, the snowline 

elevations of the glacial cycles show a uniformly 

gradual rise, revealing a continual rise in the 

minimum temperatures reached by climatic cycles 

over the past 10,000 years. 

A recent warming, beginning about AD 1890, 

has initiated a snowline rise of 200m, which 

indicates a mean annual temperature rise of over 

1 0 C during this relatively short period. Historic 

temperature records from well-established 

meteorological stations situated away from the 

Southern Alps confirm that there has been a small 

rise in mean annual temperatures over much of this 

period. Temperature records made within the alpine 

regions do not have sufficient length of record 

or reliability to confirm a temperature rise. Present 

rapidly ascending snowlines indicate that this 

trend towards warmer temperatures is continuing. 

Changes in precipitation pattern may beaecond 
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significant contributary factor to the ascent of 

the snowlines, but no such changes have been detected 

in the present climate as yet. 

Dated Holocene wood samples (listed in 

Appendix III), have been identified by Dr B.J. Malloy 

as Nothofagus solandri, Coprosma Spe and Phyllocladus 

alpinuse These are all clima~ically tolerant 

species which occur at present near the sample 

locations, and therefore give little information about 

the past climates, 

(3) Climatic interpretation of deposits 

Extensive deep alluvial and colluvium deposits 

laid down between Tims Stream and McGrath times 

testify to ample runoff and possibly little protective 

vegetation cover. This time is interpreted as a cool 

wet period,when restabilisation of glaciated slopes 

to fluvial conditions was taking place. 

The rock glaciers of the Craigi e,burnRange , 

active during Arthur1s Pass time, suggest limited 

precipitation with sufficient frost activity to 

generate an ample supply of debris. To sustain the 

other glaciers of the Arthur's Pass advance under 

conditions of lowered precipitation a significant 

temperature depression could be invoked, which could 

conceivably have reached as low as the McGrath 

minimum. A drier cool period is therefore suggested 

to have prevailed during the Arthur1s Pass stade. 
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APpmDIX I 

AG EING BY WEATHERING RIND THICKNESS 

I INTRODUCTION 

The paucity of methods available for ageing and 

distinguishing between deposits of different glacial 

episodes is a major problem. Of the few wood samples 

found for radiocarbon dating none were directly 

associated with glacial deposits. Ageing by lichen 

diameters is feasible, but this method is accurate only 

over the past few hundreds of years and requires enough 
,', 

data to construct an age curve for each location. 

Comparison of the soil profiles provides a rough guide 

to relative ages, but is often inconclusive. Attempts 

to establish the relative ages of moraines by their 

degree of weathering, soil development, and the extent 

to which the forms have been subdued and dissected were 

generally unsatisfactory because of their differing 

aspects, elevations and slopes. 

II DEVELOPMENT OF THE METHOD 

Early in the field work it is noted that the 

older exposed boulders showed distinct weathering rinds, 

which appear to thicken systematically with the 

duration of exposure to the atmosphere. Recent moraines, 

deposited within the last 50-100 years have a grey 

surface appearance and with the commencement of rind 

development they appear pink, then lichen-and moss-
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covered, and finally, with tke development of soil, 

they become vegetated. No studies of this subject are 

known to have been made in this country, and no 

references could be found on Holocene rind formation. 

Overseas work by Porter (1968), and others, in which 

Pleistocene advances were distinguished by measuring 

, the rinds of basalt, i. e., moraine clast s, to the 

nearest O.1mm, offered little assistance as they 

involved much greater time spans and much smaller rind 

thicknesses. The gradational inner boundaries of the 

rinds encountered in this study made this degree of 

accuracy quite impossible. However, because clasts of 

uniform lithology could be selected throughout the area, 

the method was tentatively pursued, and boulders from 

a greater part of the study area were cracked for 

rind measurements. Initial rind measurements from local 

de~osit sequences showed a consistent increase in rind 

thickness with increasing age, but with wider sampling 

of the watershed, many apparent inconsistencies began 

to appear, and the method was set aside for a time. 

Finally, because of the lack of alternative ageing 

methods, statistical counts were made on a sequence of 

moraines in the Arthur's Pass area to establish whether 

or not the method was viable. It was found that, 

although variable in any one population, the rind 

thickness could give an indication of relative ages 

of moraines, provided that a sufficient number of samples 

was taken to construct an unambiguous histogram. The 

results of these and later rind counts are given in 

figures 31 to 39. It is believed that the deposits of 

163 



all significant glacial advances that have occurred in 

the area since the Pleistocene have been sampled in 

these rind studies, although within the area widely 

separated localities had to be visited to gain this 

full coverage, as indicated in the correlation, table 

The availability of sandstones of uniform 

lithology over the whole of the study area is the key 

to the method. It allows correlations to be made over 

the whole area without the problems of changing rind 

formation rates due to differing lithology of surface 

boulders.. Abundant associated finer grained siltstones 

were easily recognized and were not included in the 

measurements. 

It is postulated that a particular combination 

of rock type and climate has produced relatively thick 

rinds, favouring ~both eonsistEmcyinfieldmeasurements 

and sensitivity in applying the age - thickness 

relati onships .. 

III DEFINITIONS 

Statistical counts of rind thicknesses made in 

the Arthur's Pass area showed that to establish a 

monomodal relationship in histogram plots, a minimum 

of some 30 to 40 samples was required from each moraine. 

These samples were taken from traverses along the 

moraine, to reduce possible error from sampling a 

unique deposit, such as an accumulation of previously 

weathered material. 
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The weathering rinds tend to form concentric 

bands within the rock, whose relative thicknesses vary 

somewhat with differing lit~ologies and age:-

(1 ) An outer pink layer, under 1mm thick 
• 

(and having a finite thickness which distinguishes it 

from superficial pink lichen), which is usually absent 

in the older rinds, grading into; 

(2) A whitish band, which usually grades 

without any definite boundary into; 

(~) An inner dark band, only sometimes present, 

especially in the coarser grained rocks. This layer 

has a sharp boundary with the unaltered rock, but 

because of its great variability in thickness this 

layer was ignored in the measurements. 

The rind thickness measurements may be subject 

to considerable personal interpretation, making it 

desirable to establish a standard from which measurements 

may be repeated. To this end a set of photographs of 

selected rinds have been marked to show "measured rind 

thickness", and are given in plates ~7 to 42. 

The 'rind thickness" employed in this study is 

defined as; "the thickness from the boulder surface 

to the inner limit of discernable discolouration of 

the whitish bandit. It was considered beyond the scope 

of this thesis to attempt a full petrographic or 

mineralogic "study of the rinds. 

IV RIND THICKN:ESS VARIATIONS 

Rind thicknesses vary in response to other 
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influences besides time. Together with the increase 

of rind thickness with increasing age, there is also 

an increase in the range of thicknesses, so that at 

late Pleistocene age this spread, coupled with other 

variations; is sufficient to mask the true value of 

the age mode. ,Other important factors influencing the 
, 

rate of rind formation were found to be:-

(1) Petrographic 

(a) Degree of induration: Rinds are obvious~ 

thicker in less indurated and possibly more porous 

boulders in the same deposit, while boulders of higher 

metamorphic grade showed markedly thinner rinds, with 

irregularities induced by foliation. Degree of 

induration was found to be the most important single 

factor leading. to variation in rind thickness. 

(b) Grain size: Rind thicknesses show a 

direct increase with grain size, to the extent that 

rLnds on sandstone boulders are up to twice the thickness 

of those on associated mudstone boulders. 

(2) Position 

(a) Height of boulder surfaces above soil surface: 
\. 

Significant rind thickening occurred at and near the 

soil surface, so that as far as possible all samples were 

taken from surfaces of larger boulders well above soil 

level. 

(b) Proximi ty to edges and corners: Local 

thickening occurs at the corners of boulders. Rind 

measurements were alw~s made to avoid this source of 

error. 
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(c) Surface attitude: Downward-facing 

surfaces of boulders showed noticeably reduced rind 

development. 

(d) Aspect: No differences were detected 

between north and south facing boulder faces. 

(e) Altitude: Rinds of the same age were 

expected to vary with altitude, but evidence of this 

variation is inconclusive. In figure 32, histogram 

No's A to D compared with histogram F, suggest a 

slightly slower development of rinds at higher altitudes. 

(3) Local climatic differences 

Rind thicknesses would be expected to vary with 

climatic conditions, but again no conclusive evidence 

was found to this effect, despite the relatively large 

differences in the climate over the study area. A 

comparison of the upper Waimakariri data with those from 

the lower precipitation area of the Cameron River 

suggests that, if climatic differences have any effect, 

it is masked by other variationso 

V ADDITIONAL RIND 1ffiASUREMENTS 

Time did not allow for many statistical rind 

studies being done outside the Arthur's Pass area, so 

that it was necessary to assume that the relationships 

established in that area were applicable over the 

remainder of the watershed. Few good sequences of 

moraines exist in the area, therefore, to obtain 

additional sets of data for comparison and to assist in 

interpolation, considerable field work at a number of 
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widely separated localities would be re~uired. To 

avoid this and at the same time to provide a basis for 

correlation with glacial advances in other valley 

systems, an opportunity was taken to stu~ the moraines 

of the Oameron Valley (some 55-kIn south of the 

Waimalcariri catchment) with Dr C"J .. Burrows .. In this 

valley is preserved one of the most complete known 

post-Pleistocene moraine sequences. The observations 

from this area showed no significant disparity with 

those .from Axthur*s Pass (see figures 38 and 39), 

suggesting that correlation by rind thickness of 

Neoglacial deposits is valid within the Torlesse Group. 

VI RESULTS 

(1) !reguencz histo~rams 

Frequency histograms derived from the statistical 

rind counts are given in .figures 31 to 39, while other 

small~population rind measurements were used to assist 

when ageing the deposit for figures 13 to 21. 

The histogram frequency distributions would be 

expected to be skewed to the le£t, as each population 

would be expected to contain samples from fresher 

surfaces exposed by fracturing since deposition~ A 

lesser tendency towards skewness to the right would result 

from lithologic varia'tions and IIcontamination" by the 

inclusion of previously-weathered boulders in the 

deposits .. 

It was found, however, that shapes of the 

frequency distributions varied widely. The interpretation 



of the mode was difficult in some cases, but in others 

explanations can be found for bimodal and other 

unusual patterns. 

(2) 1l.ccuracl 

Most measurements were made accurate to the 

nearest 1~Omm, but on younger moraines, rinds were 

measured to the nearest O&5mm, up to a thickness of 

3QOmm~ All rinds over 3mm thick were measured to the 

nearest 1 0 0mm, as the diffuse inner boundaries made it 

unreasonable to attempt a greater accuracy. Consequently, 

in a number of cases, there are two different class 

intervals (thickness intervals) for one population. 

To avoid erroneous plots, the upper classes were split 

where necessary, and shared between that class and the 

preceeding unmeasured class. This in no w~ interfered 

with the mode position, but as a statistically artificial 

result occurs, all class-splitting in the histograms is 

shown by a small arrow. 

M~ of the readings have a value of Omm for 

rind thickness. This does not imply that there was no 

rind., but indicates a "pink moraine" surface 

discolouration, which m~ have penetrated the rock to 

less than O.25mm, i.e., to half or less of the OQ5mm 

class interval.. Where no rind formation has occurredt: 

as on "grey moraines" this has been indicated by a rind 

thick:a.ess of "none" .. 

(3) 1'l,le growth curve 

A linear rate of growth of the rinds would not 

be expected as, following an initial period of 
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relatively rapid development, build-up of weathered 

products may tend to protect the underlying core, 

retarding further development. Fortunately a number of 

radiocarbon dates is available to construct a 

weathering rind growth curve. These controls come from 

wood samples found incorporated in landslides which 

have surfaces stitable for rind sampling. Of these four 

control points only one, the Casey River landslide, is 

within the stu4y area; the Lyndon (or Acheron), is 

just outside the area, while the remaining dates come 

from the Cameron River. 

The growth curve, figure 40, was constructed 

from the above four dates, with a lower control of 

10,000 years BP., given to the McGrath advanceo This 

date is as close as can be estimated at present, being 

based on sample 873/549 from a colluvium-buried forest 

soil overlying the Wildman II moraine of the Cameron 

River, which has been radiocarbon dated at 9520±95 years 

BP. (Burrows, pers comm.) and sample 859/554 from the 

base of an assumed MCGrath age outwash terrace in the 

Poulter River, dated at 10,100±200 years BP. 8light 

errors in this end of the curve will have a negligible 

effect on the accuracy of the dates of the younger 

Neoglacial deposits. 

The lower end of the curve is fixed by modern 

deposits which show no rind formation. 

Superficial comparisons were made between this 

curve and ageing curves obtained from lichenometric 

dating by Burrows (1971). The lichen ages for the 

younger deposits give a much greater accuracy than do 
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the rinds. Rind dating becomes superior to lichen 

dating beyond the beginning of the late Neoglacial 

advances when lichen diameters become unreliable. 

Lichenometric dating was not attempted in this study 

because, (a) there is very little evidence upon which 

to construct a lichen-growth curve for the Waimakariri, 

and, (b) it was not intended in this study to subdivide 

the numerous late Neoglacial advances. 

VII CONCLUSION 

In the rind thickness data from the Torlesse 

Group boulders, the greatest sources of variation appear 

to be from changes in degree of induration, and differing 

grain size. The sensitivity of the method is low by 

comparison with lichen ageing, but from the results of 

work in the Cameron Valley it appears to be superior 

to studies of surface morphology and soil profiles. 

The rind thickness method appears to have adequate time 

resolution to allow distinction to be made between the 

main Neoglacial advances, and to separate events younger 

than Pleistocene, to within approximately 1~ of their 

age. 

The rind thickness method of dating glacial 

deposits, therefore, appears to be a useful if coarse 

tool, which should be tested further. 
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TABLE 6 

CORRELATION OF MORAINES ON RrnD THICKNESS MODES 

Rind A.rthur's Mt Greenlaw Cameron Glacial Thickness Pass O'Malley Creek Valley Advance Mode (mm) Area 
, 

"None" All grey fresh moraines 

0 - 0 .. 5 G10 BARKER 

0 9 5 V n,o,p 

1 .. 0 S,T,U,W G2,G8,G9 

105 G5,G7 O'MALLEY 

2 .. 0 O,P,Q.,R G3,G4-,G6 

205 01 m2 

3 .. 0 H,I,J,K,N G1 b,c,d,e, ARTHUR'S f,g,h,i, 
PASS 

j~k,l 

4 0 0 ~3 4 r? G, L, M, 

5.0 A,C,D,E,F 

6 0 0 B a McGRATH 

7 .. 0 No samples of this mode found 0 

(1) Moraine 0, the oldest of the O'Malley 

moraines which may thus include a comparatively higher 

proportion of previously-weathered boulders, indicating 

an age greater than the true age. 

(2) Moraine m, too small a feature to 

demonstrate an advance at this timee 

(3) Moraine G, suggests an early Arthur's 

Pass advance, although there is no evidence of this 

event in the Cameron Valley. 

(4) Moraine L, again suggests an early Arthur's 

Pass event, however the apparent anomalies of both this 

and the previous moraine 'GI could arise from lithologic 
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variations Cll.l.6./0r the possibility that ·t;he Arthur's 

Pass advance began early in timode 3" time .. 

(5) Moraine 1'1,. samples in this case taken from 

a veneer, which could have included boulders of 

both Arthur's Pass and McGrath tills. 
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MORAINES', OF ARTHUR's PASS 
SHOWING LOCATION OF WEATHERING 

--"'~.;;;;...: ~prox. /.'.31, 680 

FIG. 3/ . 
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MORAINES OF GREENlA\t'V CREEK 
SHOWING POSITIONS OF RIND SAMPLES 

scALE j: 15840 opprox. 

1I1oraine and. til! 

EXi6fin'j glaciers 

LimiT 01" Barker advance 

rmm:: Limit or' O'Mer/ley advance 

E.sTitnated limit or ArThurs PasS advance 
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PLATE 37 
Weather ing-rinds of thickness O. 5mm 

(A), and "none ", (B) , on a composite bedrock 
sample from the upper Bealey Valley . I n this 

case the thinner rind i ndi cates an ice 
resurgence which removed part of the older 

weathering-rind . Scale i n cm. 
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Weathering-rind of O. 5mm thickness 
(L.R. S . ) . Scale in cm. 

PLATE 38 
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PLATE 39 
Weathering-rind of 2mm thickness 
(top). Scale in cm . and inches . 

PLATE 40 
Diffuse weathering-rind of 5mm thick­
ness, typical of McGrath moraines. 

Scale in cm . and inches. 
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PLATE 41 
7mm thick weat hering-rind, together 

with "dark band ll
, arrowed . 

Scale in cm. and inches. 

PLATE 42 
10mm thick weathering-rind of a 

boulder from a Pleistocene moraine . 
Scale in cm. 
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PLATE 43 

eatherin g rind s ample locations, upper Greenlaw Creek 
34-1 . Compare with figure 35, and plate 35 . 



APP:ENDIX II 

LANDSLIDES 

I INTRODUCTION 

Numerous mass movement deposits were encountered 

throughout the study area, and those which have been 

identified are mapped as landslides on figures 22 to 30. 

The deposits are characteristically the result 

of bedrock moving under the influence of gravity, but 

other processes and materials are frequently involved. 

A number of these mass movements has crossed considerable 

distances of flat,to low gradient ground, testifying to 

the high velocities frequently attained by these 

phenomena. The Falling Mountain landslide (figure 44), 

triggered by an earthquake in 1929, travelled for 4km 

down-valley before coming to rest, while another landslide 

at the confluence of the Casey and Poulter rivers 

crossed 2km offlat riverbed. 

Weather horizons have been found, indicating that 

some of the deposits originated from more than one 

phase of activity, and many instances of flow diamictons 

indicate that subsequent mudflow activity on the newly 

exposed surfaces is common. Churned soils and forest 

vegetation are commonly found incorporated in the 

deposits. 

The frequent inclusion of wood fragments in 

landslide deposits which have a bouldery surface has 

made possible the establishment of the weathering rind-



PLATE 44-
View down the Falling Mountain landslide from 

the summit, 1815m. 

S "Swash mark II • 

B Banding retained in the deposits. 

-.... 
(0 
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PLATE 45 
Landslide deposit at Ca sey River, 5-10 

showi ng segregat ed debr is and wood f ragment ( arrowed). 

PLATE 46 
Recently active lands lide in the Thompson 

River, 5-12-2. li , hummocky morai ne-l i k e deposits . 
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age curve, used as a basis for the ages and durations 

of the Holocene glacial events. 

II CLASSIFICATION 

Because of the diversity of processes and materials 

involved, the deposits are not classified simply. The 

classification of landslides by Varnes (1968), being 

based on the type of failure and the material involved, 

is less suitable than Sharp's (1938) classification of 

mass movement types, which emphasises movement velocity. 

Under Sharp's classification, the term "landslide" 

provides the best overall description of the deposits, 

as it includes debris slides, debris falls, rockslides 

and rockfalls. 

In addition to these mechanisms, the landslide 

deposits include high water content rapid-flow colluvium 

originating from mudflows which are not included under 

Sharp's landslide classification. 

III DIFFERENTIATION BETWEEN TILLS AND LANDSLIDE 
DIAMICTONS 

(1) Size analysis 

The occurrence of landslide deposits in and 

amongst moraines of the area has made it necessary to 

employ some criteria to distinguish between the two 

types of deposits. The distinction between tills and 

other diamictons has been investigated by size analysis 

by a number of authors, including Landim and Frakes 

(1968). These studies have indicated that size frequenc,y 
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njptributions may be useful in distinguishing tills 

among other sedimentsG In an attempt to distinguish 

tills from landslide deposits by this method, size 

analysss of three till samples and one landslide sample 

were made, for the -205 phi to' +10 pbi size ranges. 

The frequency distributions gained from these analyses 

are plo·tited on figure 41.. It can be seen by the 

similarity of the plots that this method does not make 

any marked distinction between the sources of the 

sediments in these cases~ 

(2) Electron m~cro~coEZ 

Electron microscopy has recently become available 

as a possible tool for sediment environmental 

interpretation by studying sand grain surface textures. 

Krinsley and Donahue (1968), in a thorough investigation 

of quartz sand grain surfaces, concluded that, from 

surface textures, the following four environments of 

sediment transportation and depQsi tion and thei.r 

combinations can be distinguished; littoral, aeolian, 

glacial and diagenetic.. Other stUdies of this t7pe which 

have yielded similar results have been made by Nordstrom 

and Margolis (1972), Blackwelder and Pilkey (1972) and 

Margolis and Kennett (1968). 

Since tills are derived from a single depositional 

environment, while landslides are likely to contain sand 

grains showing the influence of the environments both 

before and during the fall, electron microscopy should 

reveal differences in surface textures between the two 

types of sediments. Sand-sized quartz grains were 
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PLATE 47 
Electron microscope photograph of 

a glacial sediment grain. Scale 40 microns. 

Features characteristic of glacial grains , 
in order of importance: 

1. Conchoidal breakage patterns - from 
large range of particle size. 

2. High relief. 

3. Semi-parallel steps - from shear 
stress. 

4. Arched steps - from percussion. 

5. Parallel strictions - from scratching. 

6. Imbricate breakage blocks. 

7. Irregular small indentations - from 
grinding. 

S. Prismatic patterns. 
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Detail of textures of the glacial 
sediment grain of plate 47. Scale is 10 microns. 

See plate 47 for legend of features numbered.' 

PLATE 48 
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PLATE 49 
Electron microscope photograph of landslide 

sediment grain showing diagenetic textures. Some glacial 
sediment grain characteristics are present on the fractured 

surface. Scale, 40 microns. 

PLATE 50 
Landslide sediment grain, similar to plate 

49. Textures of two distinct environments apparent. 
Scale, 40 microns. 

197 



cuwpared from samples taken from the Barker morRine 

and the Casey River landslide. 

The grains showed sufficien-t textural 

differences to suggest that this is a viable method of 

distinguishing between the two types of deposit (plates 

47 to 50)& Krinsley and Donahue (1968), list eight 

Characteristics of normal glacial grains, most of 

which are shown on plates 47 and 48. The surface 

textures of glacial grains are produced by slow grinding 

and crushing, while those of landslide grains may show 

pre-landslide diagenetic surface textures with impact 

rather than grinding textures superimposed upon this 

texture. Vfuile landslide impact and glacial textures 

may have many features in common, the former are 

unlikely to have the full complement of glacial textures 

developed .. 

This investigation has shown that landslide grains 

do tend to differ in texture from glacial grains~ These 

differences are illustrated on plates 49 and 50.. In 

addition to their diagenetic textures and an absence 

of some glacial features, landslide grains, having 

suffered only a limited number of impacts over a short 

period, tend to have a sharper, less subdued relief" 

These results give promising indications that electron 

microscopy analysis may be a useful method of 

distinguishing between these two types of deposit~ 

IV CHARACTERISTICS 

The majority of the landslide exposures studied 
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it!. the field showed a distinct failure to homogenise, 

despite the distance travelled under a presumably 

turbulent mode of transport. Lenses and undulatory 

beds of crushed sandstone, mudstone and colluvium occur 

separately in most of the exposures seen, while surface 

mudflow colluvium, capping stream channels~ is common. 

One of the largest, and the most recent landslide seeD., 

was that of Falling Mountain (plate 44). This 

landslide travelled some 4km dowu=valley, presumably 

by fluid flow with entrapped air, as bigh velocities are 

indicated by a 100m-high "swash mark ll on the opposing 

valley wal10 Despite the high velocities and great 

distance covered by the.material, when the upper 

landslide debris settled into moraine-like hummocks, 

banding~ apparently of lithological differences, was 

retained .. 

In a stu~y of mudflows, Lindsay (1968), 

demonstrated that the motion of particles in a viscous 

.fluid in laminar flow may develop strong long-aria 

fabrics, which form and disperse cyclically. Such 

fabrics could develop in "fluid flow" landslides and 

m~ account for the surface banding and separation of 

sediment types seen in these deposits. 

Field comparisons of till and landslide materials 

reve&led that, although both landslide and till 

deposits may be angular in shape ~ individual till boulders 

tended to have more subdued corners, due to shuffling 

and grinding within the glacier, while landslide 

boulders, having been shaped by impact forces, have a 

more IIjagged" outline.. Th~ failure of landslide material 
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to homogenise fully, together with the sharply angular 

nature of the boulders, were criteria employed for 

field identification of landslides. 
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APPENDIX III 

TABLE 7 

PAST SNOWLINE DATA 

Moraine type : T, terminal. L, lateral. 

Moraine .size A, large.. B, mediwn.,. C, small. 

Computed snowline reliability : 1~ most accurate~ 
2, accuracy f'air~ 3, least accurate. 

A-A ; Area~altitude computation. 

All elevations in IDo 

BASIN MORAINE ASPECT ELEVATION SNOWT.JINE 
TYPE SIZE RE£. CaRR. HEAmVALL MORA-INE! R~~GE 

I 

SECTION I 
26-2-1 L B 2 E 50 1740 1405 1470-1570 

T c 1 E 50 1740 1585 1587-1633 

T B 2 SE a 1770 1570 1640-1700 

26-3 T B 1 E 50 1800 1540 1600-1640 

26-5 L B 3 E 50 1740 1495 1530-1604 

" T C 1 E 50 1740 1585 1589-1635 
28 T C 2 E 50 1615 1465 1468-1512 

" T C 1 E 50 1615 1495 1487-1523 

29 T c 2 NE 140 1710 1540 1460-1500 
1\ T C 1 NE 140 1710 1570 1479-1521 
30 L A 2 S 0 A-A 1325-1525 
II L it 2 S 0 A-A 1405~1570 

30-1-1 T A '1 S 0 1710 1555 1609-1655 

" T B 1 S 0 1710 1585 1628-1666 
30-1-2 T B 1 SW 50 1770 1630 1629-1671 
30-2 T C 3 SE 0 1710 1390 1502-1598 
II T C 3 SE 0 1710 1540 1600-1650 
30-3 L B 3 E 50 1800 1525 1571-1653 
30-4- L B 3 sw 50 174-0 1390 14-62-1568 
30-6 T B 2 E 50 A-A 1440-1565 
30-6-2 L B 2 SE 0 1950 1525 1683-1811 

-
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BASIN MORAINE ASPECT ELEVATION SNOWLINE 
TYPE SIZE REL. CORR. HEADWALL MORAINE RANGE 

30-6-2 T A 2 SE 0 1920 1650 1745-1825 
30-6-3 L B 3 E 50 1770 1405 14-87-1597 

" L I B 3 NE 140 - 1800 1465 144-2-1542 

" T A 2 SE 0 1950 1710 1794-1866 

30-9 T A 2 SE 0 1830 1525 1636-1728 
30-10-1 T A 2 E 50 2030 1630 1720-1840 
30-10-2 T A 2 E 50 1970 1615 1689-1795 
31 T B 2 NE 140 A-A 1475-1585 
31-3 T c 2 S 0 1695 1585 1623-1657 
31-4- T B 2 E 50 1980 1465 1600-1744 
II T B 2 E 50 1980 1680 1735-1825 
II T A 1 SE 0 1970 1·710 1801 .... 1879 
32 T B 2 S 0 A-A 1525-,1600 
tf T A 3 s 0 1830 1695 1742-1782 
33 T c 2 NE ilK) 1710 1555 1469-1515 
34- L C 2 E 50 A-A 1600-1690 
34-1 T B 1 E 50 A.-A 1675~17L!-O 

34-1-3 T B 2 E 50 2015 1585 1685-1815 
34-3 L B 1 E 50 A-A 1635~1725 

" T B 1 E 50 A-A 1675-1735 
35 T A. 3 sw 50 1830 1160 1345-1545 
II T B 3, sw 50 1830 1220 1383-1567 
36-1 T C 2 SE 0 1830 1615 1690-1754 
36-2 T B 2 ME 140 1980 1695 1654=1740 
37-·1 T B 2 S 0 1740 1585 1640~1686 

II T C 1 SW 50 1860 1495 1572-1682 
37-2 T B 2 SW 50 1830 1525 1581-1673 
38 T A 2 NE 140 A=A 1360-1620 
38-2-1 T B 2 SW, 50 17:10 1585 1578-16,16 
38-2-2 T C .3 sw 50 1740 1465 1506-1588 
38-3-1 T it 3 SE 0 1860 1250 1463-1647 

" T B 2 SE 0 1860 1680 1743-1797 
38-3-2 T A 2 E 50 2135 1280 1529-1785 
tI T A 2 E 50 2105 1370 1577-1797 
.. T C 2 E 50 2075 1555 1687~1843 

38-4- L C 3 N 220 2135 1585 1557-1723 
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BASIN MORAINE ASPEOT ELEVATION SNOWLINE 
'TYPE SIZE REL COR..T.(.. HEADWALL MORAINE RANGE 

38-4 T A 3 N 220 2135 1920 1775-1839 

38-5-2 T B 2 E 50 1890 1695 1713-1771 

38-6 T A 2 SE 0 2135 1250 1559-1825 

39-2 L B 2 SW 50 A-A 1535~·1605 

" T B 1 SW 50 A-A 1600-1645 

41-1 T B 2 E 50 1710 1435 1481'""1563 
II T C 2 E 50 1710 1540 1550-1600 
II T C 2 NE 140 1710 1600 1498-1532 

42 T A 3 s 0 1830 1495 1612-1712 

43 T B 3 SE 0 1920 1525 1613-1731 

44-1 T B 2 SW 50 2015 1770 1805-1879 
'11 T B 2 SW 50 2015 1785 1815-1885 

44-2 T B 2 NW 220 1920 1830 1641-1669 

45 T A 2 sw 50 2015 1770 1805-1879 

46 T B 2 SW 50 2105 1830 1876-1958 

49,50 L A 2 SW 50 A-A 1660-1750 
51 

SECTION II 

24A-4-2 T B 1 SW 50 A-A 1530-1590 
II T A 1 SW 50 A-A 1635-1660 

24A-4-2 T A 1 SVii 50 1740 1630 1618-1652 
'a • 
24A-4-3 T A. 1 SW 50 A-A 1580-1603 
II T B 1 SW 50 A.-A 1600-1645 

24A-4-3 T A 1 S 0 1725 1570 1624-1670 'c I 
II 

t b' L B 2 S 0 1725 1585 1634=1676 

II 

t a I T ·A 1 S 0 1725 1600 1.643-1681 

24A-5-2 L C 3 E 50 174.0 1310 1410-1540 
II T C 2 BE 0 1740 1540 1610-1670 

24A-7 T c 2 E 50 1755 1295 1444-1506 
It T C 2 E 50 1755 1600 1604-1650 

. 24A-8 T C 3 SW 50 '1770 1420 1492-1598 
It T C 3 SW 50 1770 1495 1541-1623 
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BASIN MORAINE ASPEOT ELEVATION SNOWLINE 
TYPE SIZE CORR. HEA.DWALL MORAINE RANGE 

24A-12 T A 2 TN 140 1800 1710 1601-1629 

2/+A-13 T 0 2 SW 50 1830 1235 1393-1571 

24B-2 T 0 2 E 50 - 1630 1525 1511-1543 

24B-4-2 T A 1 E 50 1770 1585 1600-1655 
II T 0 2 E 50 1770 1695 1671-1693 

24B-4-3 L B 2 SE 0 1800 1370 1520-1650 
II T 0 2 SE 0 1800 1525 1621-1703 

24B-6 T A 2 SE 0 A-A 1340-1540 

24B-6-1 T 0 2 NE 140 1770 1465 1431-1523 

. 24B-7 T 0 2 SW 50 1920 1615 1671-1763 

24B-8 L B 2 SE 0 A-A 1480-1650 

24B-9 T 0 2 SW 50 1830 1555 160"l-1683 

240-2-1 T B 2 
I 

NW 220 A-A 1230-1320 

240-2 T B 2 S 0 1935 1405 1590-1750 

" T A 3 S 0 1935 1710 1788-1856 

240-5 T B 1 NW 220 1800 1665 1492-1532 

240-6 T B 1 VI 140 1860 1585 1541-1623 

240-7 T B 2 NW 220 1845 1770 1576-1598 

240-11 T B 3 E 50 1950 1450 1575-1725 

" T B· 2 E 50 1980 1860 1852-1888 

240-13 T A 1 NE 140 .1830 1710 1612-1648 

240-14 T B 1 NE 140 1845 1600 1545-1619 

13-11-1 T A 3 E 50 A-A. 1510-1565 
II T 0 1 S 0 A-A 1630~1655 

13-1 T B 1 BE 0 A-A 1250-1400 
II T 0 :3 SE 0 A-A '1325·-1435 

'! 

14 T C 2 S 0 1740 1525 1600-1664 

15-1 T B 1 SW 50 1695 1555 1554-1596 
II T B 2 SVl 50 1680 1585 1568~~1596 

20 T B 2 S 0 1770 1295 1461-1603 
II T 0 2 S 0 1770 1405 1532-1642 
II T 0 2 S 0 1770 1615 ~1669-1715 

21 T B 3 SIN 50 1830 1310 1442-1598 

" T 0 2 SW 50 1830 1600 1630-1700 

Otira T B 2 E 50 A-A 1000-1290 Rvr. I 
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BASIN 
lVIORAllJ"E ASPECT ELEVATION SNOWLINE 

TYj;l~ SIZE REL. CORR. HEADWALL MORAINE RANGE 

Otira 
Rvr~ II T A 2 E 50 A-A 1230-1415 

" 

SECTION III 
13-4 T A 1 NW 220 1370 1310 1111-1129 

13-5 T A 1 SW 50 A-A 1200-1290 

13-7-1 L B 3 s 0 1585 1220 1348-1458 
II L B 2 S 0 1585 1310 1407-1489 
II L B 2 S 0 1585 1405 1468-1522 

13-7-2 I C 3 SE 0 1710 1220 1392-1538 

13-7-8 T C 2 SW 50 1680 1295 1380~1496 

13-7-9 L c 2 E 50 1710 1495 1521-1585 

13-13 L B 3 W 140 1740 1465 1422-1504 
\I T B 1 W 140 1740 1665 1552-1573 

13-15 T c 3 sw 50 1680 1280 1370-1490 
I 

13-16 L C 1 E 50 Upper limit 1260 
Ii L B 3 E 50 1725 1220 1347-1499 

13-17 T c 2 S 0 A-A 1355-1510 

" T B 3 s 0 1770 1465 1472-1564 

10-1 L A :3 E 50 1665 885 1108-1342 
II T B 2 E 50 ' 1665 1495 1505-1555 

" T C 2 E 50 1665 1600 1573-1593 

10-2 L A 3 s 0 Upper limit 1295 

10-3 T B 3 sw 0 1615 1310 1417-1509 

10-4 L B 3 S 0 1615 975 1199-1391 

" L C 3 s 0 1615 1250 1378-1488 
II T C 2 S 0 1615 1465 1518-1562 

5-8 T B 2 SE 0 1710 1555 1610-1656 

5.;..10-1 T B 2 S 0 1650 1495 1550-1596 

" T B 2 S 0 1650 1585 1608-1628 

5-10-3 L B 3 E 50 1615 945 1130-1330 

5-10-4 T B 3 NE 140 1680 1130 1182-1348 
II L C 3 E 50 1680 1340 1409-1511 

5-10-.5 T B 1 S a 1555 1435 1477-1513 

5-10-6 T A 3 E 50 1710 855 1105-1361 

5-10-6 T B 2 E 50 1710 1145 1293-1463 
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BASIN . MORAINE ASPECT ELEVATION SNOWLINE 
TYPE SIZE REI. CORR HEADWALL MoRAINb RANGE 

5-10-6 T A 2 E 50 1770 1615 1619-1665 
II T A 2 E 50 1770 1680 1661-1689 

5-10-B T C 2 NE 140 1585 1130 1150-1286 

5-10-8 T B 3 NE 140 1585 990 1058-1236 
II T B 2 NE 140 1585 1325 1276-1354 

5-16 L B 3 NE 140 A-A 1225-1415 
II T B 2 E 50 A-A. 1355-1520 

-
II L C 2 SE 0 A-A 1450-1560 

" T A 1 S 0 A-A 1615-1640 

5-17 L B 3 SE 0 1555 1035 1222-1368 

SECTION IV 

5-20 L B 2 SW 50 1710 1405 1462-1551+ 
II L C 3 sw 50 1710 1465 1501-1575 

5-21 L C 3 E 50 1710 1250 1361-1499 
II T C 2 E 50 1710 1465 1501-1575 

5-22 T B 1 E 50 1680 1310 1389-1501 

5-23 T A 2 S 0 A-A 1340-1570 

" T A 2 S 0 A-A 1390-1480 

" T A 3 S 0 1650 1280 1409-1521 

5-15-1 T C 3 SE 0 ,1650 1405 1491-1565 

5-15-2 T C 3 .•. E 50 1750 1600 1603-1648 

5-15-4 L ,C 3 W 140 1680 1340 1319-1421 

5-15-6 T A 2 SVI 50 A-A 1415-1475 ,-1 
II L C 2 SW 50 1615 1405 14·29=1491 
II T B 2 S 0 1615 1465 151B~1562 

5-15-6 L 11 2 SW 50 1525 1250 1299-1379 -2 

5-15'-7 T B 2 E 50 1725 1250 1359~1501 
\I T C 1 SE 0 1725 .1495 1565-1645 

5-15-8 T B 5 E 50 1585 975 1138~~1322 

" T B 1 SE 0 1615 1160 1320-1456 
II T B 2 SE 0 1615 1205 1348-1472 

5-15-8 T C 3 N 220 1725 1570 1405-1451 
-1 
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BASIN MORAINE ASPECT ELEVATION SNOWLINE 
TYPE SIZE REL. CORR. HEADWALL MORAINE RAf:TGE 

5-15-9 L C 3 sw 50 1510 1325 1340-1396 

5-15-10 T A 1 E 50 A-A 1170,-1290 
1/ L C 2 E 50 A-A 1230-1415 
II T B 2 SE 0 A-A 14·70-1615 

5-15-10 T C 3 N 220 1695 1570 139l+-14.32 -"1 

5-1 1 L C 3 sw 50 1680 1190 1311-1L~59 -2 

" T C 3 sw 50 1680 . 1340 1429-1501 

5-15-11 T C 1 SW 50 1755 1480 1527-1609 -1 

5-13 T A 2 S 0 1585 1280 1392-1484-

5-12-1 T B 2 S 0 1680 1435 1521-1595 

5-12-3 T c 2 S 0 1615 r1295 1407-1503 -~1 

5-12-3 T A 2 SW 50 1585 1310 1357-1439 -2 

5-12-5 L A :3 s 0 A-A 1160-1240 
It T B 2 SE 0 A-A 1310-1480 

5-12-8 T C 3 E 50 1710 1035 1222-1424 

5-12-9 T A 2 E 50 1710 1145 1293-1463 
11 - - 1 SE 0 1710 1495 1571-1635 

5-12-12 L c 2 N 220 1740 1235 1192-1344 
II L B 1 N 220 1740 1370 1230-1340 

5-12-13 L C 3 iSW 50 1770 1005 1223-1453 
II L B 2 SW 50 1770 1310 1421-1559 

5-12-13 L B 3 s 0 1680 1495 11560-1616 ...;.1 

" T B 2 S 0 1680 1585 1619-1647 

McElroy T B 2 S 0 1710 100~ . 1252-1464 lA' 

" T C 2 S 0 1710 1495 1571-1635 

McElroy L A 1 E 50 A-A 1255-14'15 , B' 

SECTION V 
12-1 L A 3 SE 0 A-A / 1495-1620 

12-2 L A :3 ISE 0 A-A 1465-1680 
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BASIN MORAINE ASPECT ELEVATION SNOWLIN~ 
TYPE SIZE REL CORR. IfEADWALL MORAINE R.ANGE 

12-2 T C 1 SE 0 1890 1710 1773-1827 
II T C 1 SE 0 1890 1770 1812-1848 
If T B 1 SE 0 1890 1800 1831-1859 

12-3-1 L B 2 SE 0 1830 1650 1713-1767 

12-3-3 L B 1 E 50 1785 1370 1466-1590 

" T C 2 E 50 1785 1525 1566-1644 

12-3-4 T C 2 NE 140 1800 1615 1540-1596 

12-3-5 T c 2 SE 0 1770 1630 1679-'1721 

12-3-6 T B 2 SW 50 1875 17LJ'() 1738-1778 

12-4 T A 2 SE 0 A-A 1315-1425 

17 T A 1 NE 140 1860 1555 1522-1614 
II T A 1 NE 140 1860 1600 1551-1629 

19-1 L C 3 N 220 1755 1615 1444~-1486 

19-3-1 T A 3 W 140 1800 1190 1263-1447 
It L B 3 SW 50 1800 1600 1620-1680 

19-4 T B 3 E 50 1630 1310 1372-1468 
II T B 3 E 50 1630 1340 1391-1479 

22-2 L A 1 NE 140 Upper limit 1370 
II L B 3 NE 140 A-A 1370-1450 

" T B 1 NE 140 A-A 1485-1525 
II T B . 1 NE 140 . A-A 1545-1570 

" T A 1: NE 140 1770 1680 1571-1599 

22-3 L c 3 E 50 1710 1325 1410-1526 

22-4 L C 3 SE 0 1710 1340 1370-1480 

" L C 3 E 50 1710 1465 1501~1575 

22-5 L c -3 NE 140 1740 1405 1383-1483 

22-1 L C 3 E 50 1830 1555 1602·,,1684 . 

I 
SECTION VI 

5-2 L C 3 SE 0 1830 1280 1472-1638 
1/ T B 2 SE 0 1830 1615 1691-1755 

5-6 T? A 3 SE 0 1525 975 1167~1333 

II . L? B 3 SE 0 1615 915 1160~1370 

6 L? A 3 s 0 1325 735 941-1119 

7 T A 1 SW 50 A-A 1225-1285 
II T A 1 SW 50 A-A 1270-1430 
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BASIN MORAINE ASPECT ELEVATION SNOWLINE 
TYPJ!. SIZE REL. CORR. HEADWALL MORAINE R.ANGE 

9 T A :3 s 0 1680 1175 1352-1504 

SECTION ··VII 

3-2-3 L B 3 SE 0 1800 1130 1365-1565 -2 
3-2-3 T- A 3 BE 0 1770 1220 1413-15'17 
-3 
11 T C 3 SE 0 1770 1525 1611-1685 

" T C 3 SE 0 1755 1615 1664-1706 

3-2-3 L B 3 E 50 '1830 1370 1481~1619 
-5 
II T C 3 E 50 1830 1680 1682-1728 

3-2-3 L B 3 E 50 1770 1l~95 1542-1624--4-
3-2-4- T B 1 SE 0 A-A 1620-1725 -2 

" T B 1 BE 0 .A.-A 1725-1830 

3-2-5 L B 3 S 0 1800 1035 1303-1533 -1 
\I T B 2 S 0 1800 1250 1443-1607 
II T C 2 S 0 1800 1615 1680-1736 

3-2-5 L B 3 SE 0 1770 975 1254=1492 -2 
11 L C 3 SE 0 1770 1130 135l~-1546 

II T B 2 S 0 1800 1435 1563-1673 

3-2-5 T B 2 SE 0 1770 1465 15'72-1664 -2-2 

3-3-7 L B 3 s 0 1710 1070 1294~1486 

" L B 2 S 0 1710 1220 1591-1739 

3-3-9 T A 1 SE 0 1755 1555 1625-1685 

3-3-8 T A 2 SE 0 1755 1540 1616-1680 -1 

3-3-8 T A 1 E 50 1860 1710 1712-1758 -2 
3-3-6 T B 2 SE 0 1860 1555 1662-1754 

3-3-5 T B 1 SE 0 A-A 1495-1615 -1 
11 T A 2 S 0 1860 1650 1724-1786 

3-3-5 L A 2 E 50 A-A 1390-1500 -2 
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BASIN MORA.INE ASPECT ELEVATION SNOWLINE 
TYPE SJ.ZJ.J!i I JiLL. HEaDWALL MORAIJ)TE RANGE 

3-3-5 L B 2 SE 0 1830 1695 1743-1783 -2 

3-3-3 T 1 SE 0 A-A 1280-1510 -1 
11 L B 2 SE 0 1815 1585 1665-1735 
II T B 1 SE 0 1815 1710 1747-1779 
3-3-3 T A 1 SE 0 A-A 1405-1555 -2 
1/ L A. 2 BE 0 1860 1250 1463-1647 

" L B 2 SE 0 1860 1340 1522-1678 
II 

T f B 3 SE 0 1860 1525 1643-1743 
II T r B '1 IE 50 1980 1800 1813-1867 
3-3-2 T A 2 ISE 0 A-A 1540-1700 -2 
II T B 2 iSE 0 A-A 1'115-1805 
18 T B 2 SE 0 1890 1615 1712-1794 
It T B 1 E 50 1920 1725 1744-1802 
It T C 1 E 50 1920 1770 1772-1818 

L C 2 BE 0 1770 1250 1432-1588 

II L C 2 SE 0 1770 1495 1592-1674 
3-1 L A 3 SE 0 1465 855 1069-1251 

SECTION 
3-3-2 L A 2 E 50 1920 1650 169 lt--r.1776 -1 
II T 1 BE 0 1950 1800 1853-1897 
3-4 L B 3 E 50 1785 1190 1349··1527 
3-5-2 T B 2 pE 0 A-A 1680~1815 
II T A 1 E 50 2060 1830 1860-1930 
II T B 1 E 50 2060 1980 "'1958-1982 

T A 2 FE 0 2015 1480 1668-1828 
\ 

3-5-1+ L B 3 E 50 2015 1035 1328-1622 
3-5-1 L A 2 pE 0 A-A 1585-1815 -1 

" T B 1 ~E 0 2165 1920 2006=2080 

3-5-1 T B 2 ~E 0 1950 1800 1853-1897 
-2 
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-
BASIN MORAINE ASPECT ELEVATION SNOVlLINE 

TYPE SIZE REL. CaRR. HEADWALL MORAINE RANGE 

3-5-1 T B 1 E 50 1950 1875 1889-1911 
-2 

3-7 T A 1 SW 50 A-A 1305-1540 
" 

If T A 1 SW 50 A-A 1450-1635 
II L G 2 SE 0 A-A 1600-1720 
1\ T 11 1 SE 0 1920 1755 1813-1863 

3-8 T 11 1 SW 50 A-A 1320-1550 
II T A 1 SW 50 A-A 1400-1615 

" T B 2 SW 50 A-A 1605·~1715 

Mt 
Olym- T A 

"" 
S 0 A-A 1405-1625 

pus 

SECTION IX 
1-1 T A 3 SE 0 1710 610 995-1325 
1-6 T? A 3 BE a A-A 1160-1435 
1-6~1 L A 2 SE 0 A-A 1405-1555 
1~6-2 L 11 2 SE 0 1830 1585 1671-1745 
1-7 T B 2 SW 50 A-A 1390-1520 
1-8 T A 2 SE 0 A-A 1555-1665 
1-8-1 T B 2 SE 0 1950 1585 1713-1823 
1-9 T B 2 S 0 A-A 1/+05-1585 

1-9-1 T A 2 BE 0 1890 945 1276-1560 

" T B 3 SE 0 1890 1465 '1614-1742 
1-10 T B 2 Slll 50 A-A 1385-1535 

" T A 1 S 0 1680 1465 15/+1-1605 
II T It 2 S 0 ·1680 1615 1638-1658 
2-1 T B 1 SE 0 - 1830 1340 . 1511-1659 
2-2 T B 2 S 0 1830 1160 1395-1595 
II T B 2 S 0 1830 1340 1511-1659 
2-3 L B 2 S 0 1920 1525 1663-1783 

" L B 2 S 0 1860 1650 1723~1787 
n T B 1 S 0 1920 1710 1783-1847 



krJ..Q Laborator;l Date Si:t..e. reference 'Collector Material and Stratigra£~y Number yr BP. NZMS. 1 

Upp er Waimakariri 858/955255 8/58/511 9500.±100 Burrows Wood, from peat layer on 
Harper-White alluvium, under 3m of 
Rivers. alluvium" 

1-3 
~ 
b::J 
t-J 

Upper Waimakariri 858/955253 858/512 5470+90 Burrows Wood buxied by alluvial 
Harp er-Whi t e fan 1.5m to 2.0m depth .. 

t::j 

OJ 
oJ 

Rivers. 
~ 

8ummit, Arthur's . 859/053328 - 8960.:t140 Kelly Lowermost peat from 3 .. 5m 
Pass column .. On sands~ silts 

over till. Inside 
Arthur! s Pass moraine 
loop" 

t; 
H 
0 
0 ~ ~ I-d 
b::J ~ 0 
!;z: t::i 

H 
Arthur's Pass 859/051303 859/552 7820.:t120 Burrows Peat on silt overlying , 
highway, McGrath outwash .. Inside McGrath 
Stream. moraine loop. 

~ >4 
t::i H .q 
bj 
0 

Mingha River 859/08924-7 859/556 2100±70 Author Wood (Nothofa~us solandri) 
within IandsIlue ueposit. 

i1l m. 
H 
t-J 

Taruahuna Pass 859/157340 S59/551 B090.±11° Burrows Peat over alluvium beneath 
laminated lake siltso 

i1l 

~ 
Casey River 859/328346 *859/557 35701:,80 Author Wood (Nothofagus solandri) 
landslide .. within IanusIlue aeposlt. 

~ 
OJ 
• 

• '<- , 

Upper Poulter 859/284393 '"'859/554 98OO.±200 Burrows +Wood (Co~rosma s~.) in 
Author sil t bed A I, bUrled by 

17m of alluvium and fan 
, material.. . 



Gr~i! Laborato£z Date Site reference Collector Material and St:catigraJ2hy Number yr-W. -- NZIVIS • 'I 
Upper Poulter 859/287394 (S59/555 3640±80 Burrows) +Wood, (Pbyllocladus 

(859/559 -,bbU± Author ) alrinus) from bed 10' 
si ts over alluvium buried 
by 9.5m of alluvial fan. 

Thompson River 859/332419 859/558 1690±.60 Author Wood within landslide 
deposit. 

Lake Lyndon 874/147826 *874/539 530.:t70 Burrows Wood within landslide 
deposit. 

Cameron Valley S73/587748 *873/551 2850.:t70 Burrows Wood within landslide 
above Wildman deposit. 
morainee 

Cameron Valley 873/576165 *873/554 537+42 Burrows Wood underlying outwash 
by Cameron and moraine, 7m above 
Hut .. river" 

* Used for weathering rind thickness growth curve. 

+ See plate? .. 

Note The radiocarbon dates are given in terms of the old half-life, - uncorrected for secular variation@ 
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