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CHAPTER 7 - SOIL-VEGETATION RELATIONSHIPS 

7.1 INTRODUCTION 

Investigation of relationships between soil and vegetation 

in Cropp basin was initially undertaken because: 

(a) the sequence of land surfaces of known age presented 

an opportunity to study plant succession through 

time: and 

(b) good correlation between land surface age, soil 

and vegetation would allow vegetation distribution 

to be used to indicate the soil pattern. 

However, it soon became clear that quantifying the 

relationship between soil and vegetation in any detail would 

require measurement of many more vegetation plots than were 

possible in this study. 

Results are presented in this chapter of two studies of 

relationships between soil and vegetation in Cropp basin. 

First there is a description of the scrub and grassland 

communities associated with the soil sequences on gently and 

steeply sloping topography. And ,second is a study of the 

relationship between soil age, soil nutrient status, and 

foliar element levels in some of the grassland communities. 

Interpretation of the results of both studies is limited by 

the small sample size, both in terms of the numbers of sites 

sampled, and the sampling at each site. However, the s~udies 

do illustrate some important trends in the relationships 

between soil and vegetation for a specific area within the 

subalpine environment. 

7.2 PREVIOUS RELEVANT STUDIES 

Characteristics of the vegetation communities in the 

Hokitika River drainage basin are described by Wardle (1960), 

Wraight (1960, 1964), Holloway (1966) and James et al (1973). 

These studies give reconnaissance descriptions of regional 

vegetation patterns in forests, scrublands and grasslands, and 

are summarised in Chapter 3. James et al (1973) note that few 

of the dominant species are strongly associated or site 
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specific, there is a variety of successional situations, and 

that boundaries between communities tend to be gradational and 

irregular. 

Wardle (1975, 1977) describes the plant communities of 

Westland National Park and comments on the factors controlling 

their distribution. In a later synthesis (Wardle, 1980) he 

interprets vegetation distribution in terms of sequences of 

plant succession on various land surfaces (gravel slopes, 

alluvial flats, loose boulders, bedrock, landslide scars, and 

talus) at different altitudes (lowland, montane, subalpine, 

alpine). In the subalpine zone he notes the following 

succession (on steep slopes, coarse substrate): 

(a) establishment of seedlings within a few years of 

site stability; 

(b) development of open seral shrubland on recent 

moraine slopes (50-100 years) and seral tall 

Dracbphyllum longifolium scrub on older moraines 

(100-250 years); 

(c) tall 'climax' Dracbphyllum - Olearia scrub on 

moraines thought to be 1500-2500 years old; 

(d) similar scrub on older moraines (5000 years) but 

with the presence of Libocedrus bidwillii and 

Phyllocladus alpinus. 

On the older moraines grassland tends to occupy the flatter 

areas while scrub is dominant on steeper slopes (Wardle, 

1980). The grassland includes both Chionochloa pallens and C. 

cf. rigida on 1500-2500 year old moraines, but only C. cf. 

rigida on 5000 year old moraines. Wardle (1973a) suggests 

that grassland replaces scrub as the soil becomes 

impoverished. The develoment of gley podzol soils with time 

is briefly described by Wardle (1980). 

There are few detailed studies of both soil and vegetation in 

central Westland. Stevens (1963) describes changes in soil 

and vegetation in the early stages of plant succession « 55 

years). He notes that vegetal changes are not necessarily 

correlated with, related to, or contemporaneous with soil 
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changes. Relationships between soil and vegetation in rimu 

forests growing on late Pleistocene outwash terraces near Hari 

Hari are described by Simmons (1982). Variation in soil 

morphology occurs along a catena with a length of 180 m and an 

elevation range of 6 m. Simmons correlates the relative 

dominance of podocarps and hardwoods in the forest canopy with 

variation in soils from gley podzols to yellow-brown earths 

(and podzolised and gleyed variants) to peaty gley soils. 

Haase (1985) describes aspects of the ecology of four qf the 

commonly occurring subalpine shrubs in an area near Arthurs 

Pass. He relates the mosaic-like occurrence of low forest and 

scrub stands dominated by each of the four species to a 

gradient of declining soil fertility. Soil-vegetation 

relationships in lowland forest on a sequence of 8 post

glacial terraces of the Wanganui River, are described by 

Sowden (1986). 

Detailed studies of vegetation patterns have been undertaken 

in rata-kamahi forests (Stewart and Veblen, 1982a) and in 

forests containing Libo~drus bidwillii (Veblen and Stewart, 

1982b; Norton, 1983a). Intensive analysis of small areas of 

forest (0.2 - 2 ha) is used to investigate the dynamic 

processes by which present vegetation patterns have developed. 

The conclusion from these studies is that natural disturbances 

(e.g. landslides, windthrow) cause intermittent regeneration 

of canopy species and are an important influence on the 

present day structure and condition of central Westland 

forests. 

Regional relationships between soil and vegetation in tussock 

grasslands have been described for the Hokitika River 

(Wraight, 1960), inland Canterbury (Connor 1964, 1965), the 

Southern Tararua Range (Williams 1975a, b), the Murchison 

Mountains of Fiordland (Williams et aI, 1976) and the Arthur's 

Pass and Lewis Pass regions (Burrows 1977a, b). These studies 

demonstrate that soil, climate and topography, and their 

interaction, control the distribution of the major species of 

Chionochloa. Most of these studies of tussock grasslands have 
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described alpine (i.e. above tree limit; Wardle, 1964) 

Chionochloa grasslands. The studies in Cropp basin were 

undertaken in Chionochloa grasslands within the subalpine 

(Wardle, 1964) scrub zone. Wardle (1960, 1973b, 1985a, b) 

discusses inverted timberlines in subalpine valley floors and 

notes their association with temperature inversions caused by 

cold air drainage from steep mountain slopes. Detailed 

studies of the levels of plant macro-elements in the dominant 

tussocks, and their relationship to soil nutrient status, by 

Williams et al (1976, 1978a, b, c, d, e) show that much of 

the variation in tussock macro-element levels relates to the 

nutrient supplying power of different soils. These studies 

will be considered in more detail in section 7.t. 

7.3 SOIL-VEGETATION RELATIONSHIPS AT HUT FLAT 

A semi-quantitative description of the plant communities 

associated with the soil sampling sites described in Chapter 5 

was undertaken. The aim of this work was to characterise the 

plant communities occurring on soils of different ages and 

development. Dr G T Daly, Plant Science Department, Lincoln 

College provided the descriptions of the plant communities and 

much assistance with their interpretation. 

7.3.1 Methods of vegetation assessment 

A semi-quantitative estimate of species cover was made 

using point analysis along line transects. Cover is the 

proportion of the ground occupied by a perpendicular 

projection of the above-ground parts of individuals of the 

species under consideration (Greig-Smith, 1957). Cover is 

expressed as a percentage and it should be noted that total 

cover for all species in a community may exceed 100 per cent, 

because of the overlying or underlying of a part of one 

individual by parts of one or more others of different 

species. It gives an estimate of the area covered by a given 

species and is a measure of plant abundance equivalent to 

frequency sampled by quadrats of infinitesimally small size. 

The method is rapid, and appropriate for tree, shrub and 

tussock communities (Greig-Smith 1957). 
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A 50 m tape was used to layout two parallel transects at each 

site. At 2 m intervals along the transect, plant species 

intercepting the transect were estimated by eye, assisted by a 

wire pointer below 2 m. The plant species intercepting the 

transect were recorded for 50 points in all but one stand, for 

which 25 points were assessed. Height intervals used to 

describe the vegetation structure were 0-10 cm, 10-60 cm, 60 

cm - 2 m, 2-5 m, 5-7.5 m above ground. The method is 

essentially the same as that used by Wardle (1977) to describe 

representative plant communities in Westland National Park. 

7.3.2 Descriptions of the plant communities 

This section gives a descripton of the chief 

characteristics of the sampled communities and briefly 

discusses spatial variability in some of the communities. 

Results of point analysis are.contained in Appendix 4. The 

descriptions which follow deal firstly with the gently sloping 

sites and then the steeply sloping sites. Sites are arranged 

from youngest to oldest in age. The terminology used to 

describe the sites is that introduced in Chapter 5. 

7.3.2.1 Vegetation descriptions for gently sloping sites 

a) Tl - very young, low terrace 

General description - seral Chionochloa pallens-C. rubra 

grassland 

Topography - flat river terrace 

Altitude - 866 m 

Soil horizonation - ~j/C/2C 

Age - <70 years 

Stand Tl is seral grassland on a young degradational terrace 

of Cropp River. The most prominent plants are one metre tall 

Chiono chl oa rubra and short.er C. pall ens tussocks , with 

frequent Festuca mathewsii, Carmichaelia grandiflora and 

Coprosma cheesemanii between them. Intertussock ground cover 

is provided by Poa colensoi and numerous herbs, among which 

Blechnum penna-marina, Cotula squalida, Pratia angulata, 

Anisotome aromatica and the moss, Dicranoloma robustum, are 
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the most important. Poorly developed soil horizonation 

(~j/C/2C) is matched by the prominence of Chionochloa 

pallens and the nitrogen-fixing Carmichaelia 

grandiflora, which commonly colonise recently denuded areas. 

On the aggradational surface associated with Tl the short 

tussock, Festucd matthewsii, is dominant, with a ground cover 

of the mosses Dicranoloma robustum, Hypnum cupressiforme, 

Rhacbmitrium spp. and Polytrichum juniperinum. Poa cblensoi 

is the most abundant intertussock grass and there is a 

scattering of the low shrubs coprosma rugosa, Hebe subalpina, 

Carmichaelia grandiflora and Coprosma cheesemanii. Ground 

cover is also provided by frequent Muehlenbeckia axillaris, 

Raoulia glabra, Luzula crinita, Trisetum youngii and Blechnum 

penna-marina. Compared with the degradation terrace there is 

much less Chionochloa and grass ground cover, but more moss on 

this coarser substrate. Plant succession has been slower on 

this aggradation terrace than on the finer textured parent 

material of the degradation terrace. 

b) T2 - young alluvial cone 

General descripton - tall Chionochloa rubra grassland 

with occasional C. pallens. 

Topography - distal part of gently sloping (3°) alluvial 

cone 

Altitude - 868 m 

Soil horizonation 

Age - 200 years 

This is dense grassland with I to 2 metre tall Chionochloa 

rubra and some C. pallens. Ground cover is provided by 

Anistome aromaticd, Poa cblensoi, the moss Dicranoloma 

robustura and the fern Blechnum penna-mar.ina. The di.ffuse 

shrub Coprosma cheesemanii is prominent among the tussocks. 

A wet, poorly drained variant of this grassland occurs toward 

the base of the slope off Tarkus Knob. It is dominated by 

scattered to dense Chionochloa rubra, Carex cbriacea and a 
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turf of Carex gaudichaudiana with a Sphagnum moss base. 

Adjacent to Deep Creek there is more recent deposition on the 

surface, which supports Chionochloa pallens, with C. rubra 

increasing downslope. The base grasses are Poa cblensoi and 

Festuca ma.tthewsii while herbs are generally simi.lar to those 

at the soil pit site. 

The alluvial cone formed by Peat Creek is an area with 

restricted lateral drainage. Here Chionochloa rubra is 

dominant, with a base of Carex gaudichaudiana and Sphagnum 

moss, amongst which there is an abundance of Coprosma pumila, 

Forstera tenella and Anisotoma aromatica. Scattered 

throughout are Chionochloa c.f. rigida tussocks, Coprosma 

cheesemanii and Hebe macrantha. In the apex of this cone 

Chionochloa flavescens and C. pallens increase to dominance, 

and the large herbs Ranunculus lyallii and Ourisia 

macIophylla are more frequent. Occasional small plants of 

Hoheria glabrata are also present on this more recent 

depositional surface. 

c) T3 - medium age terrace adjacent to Danger Gully 

General description - mosaic of Chionochloa rubra-C. 

pallens grassland and Dracbphyllum 

uniflorum scrub. 

Topography - dista·l.part of gently sloping (9 0
) terrace 

Altitude - 885 m 

Aspect - S 

Soil horizonation - ~/Eagj/Bw/C/2C 

Age - >1275 years B.P. 

This terrace carries a mosaic of equal amounts of Chionochloa 

rubra and C. pallens with patches of 1-2 metres tall 

Dra cophyll um uni.f lorum. Ground cover amongst the tussocks is 

provided by Anisotome aromatica, Blechnum penna-marina and 

Celmisia sp. Coprosma cheesemanii is also prominent among the 

tussocks. Shrub patches have a distinctive deep litter, and 

sparse ground vegetation in which the orchid Aporostylis 

bifolia, the fern Hymenophyllum multifidium and Coprosma 
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serrulata are the main species. Shrubs tend to form small 

"islands" in the grassland community and species such as 

Podocarpus nivalis and Myrsine nummularia make their first 

appearance. The reason for the prominence of C. pallens on 

this terrace is not clear - it may be somewhat better drained 

than T2. 

d) T4 - prominent 7000 year old alluvial cone. 

General description - Chionochloa rubra grassland with 

common Dracbphyllum uniflorum and a 

mosaic of plants associated with 

poorly drained, peaty sites. 

Topography - distal part of gently sloping (8°) alluvial 

cone. 

Altitude - 895 m 

Aspect - SSE 

Soil horizonation - ~/Eagl/Eag2/Bf/2Bs/2C/3C 
Age - 7000 years B.P. 

This stand is dominated by Chionochloa rubra and small shrubs 

of Dracbphyllum uniflorum,but has a diverse mixture of 

associated herbs and small shrubs. Chionochloa pallens is 

still present although lacking in vigour. The distinctive 

feature is a substantial cover of the scrambling shrub 

podocarp Dacrydium laxifolium (pygmy pine) which is 

characteristic of poorly drained sites with little canopy 

shade. The presence of Donatia novae-zealandiae, Celmisia 

glandulosa, Oreobolus and Carpha also indicates wet, peaty 

conditions. However peat is found only very locally on this 

surface - see Chapter 5. No vegetation differences were 

observed between areas underlain by peat and those underlain 

by mineral soils. 

On the west bank of Danger Gully is an equivalent surface with 

a grass-shrub community in which Dacrydium biforme appears to 

be well-represented. The absence of D. biforme from the 

surface sampled as T4 is puzzling, especially since it does 

occur on the steep riser between T3 and T4. 
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e) T5 - small terrace(?) remnant above T4 

General description - open, low mixed shrubland with 

scattered Chionochloa pall ens in 

openings and a distinctive 

representation of Podocarl,Jtls 

nivalis shrubs. 

Topography - gently sloping (4°) terrace(?) remnant. 

Altitude - 915 m 

Aspect - SE 

Soil horizonation - k IE liE 2/Bf/2B 12c --n ag ag s 
Age - 7-10,000 years B.P. 

This is a small area of open, low (1-2 m) mixed subalpine 

shrubland, partly dominated by Dracbphyllum uniflorum, with 

open patches supporting a wide variety of grassland herbs. A 

distinctive feature of the stand is the prominent low shrub 

layer of Podocarpus nivalis which forms a matrix throughout. 

Several tall woody plants are present, including Dacrydium 

biforme, Libocedrus bidwillii, Archeria traversii, 

Dracbphyllum longifolium and occasional Olearia cblensoi. 

Chionochloa pallens is still present as small tussocks, 

although lacking in vigour. Most of the species of the open 

areas are present in younger surfaces but Abrotanella 

linearis and Oreobolussp., in association with the maturing 

shrubland perhaps indicate mature grass-herb field. 

f) T6 - bedrock bench at similar height to Tarkus Knob 

General description - open, low (1-2 m) mixed shrubland, 

over a carpet of Podocarpus 

nivalis. Chionochloa rubra and 

numerous herbs and small shrubs in 

openings. 

Topography - moderately sloping (12°) shoulder of bedrock 

bench. 

Altitude - 950 m 

Aspect - E 

Soil horizonation - Ah" /:e " /2E . /2B . /I2C/R . .' ag ag .s 

Age ~ 9000 years B.P. 
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In this stand the dominant cover is a mixture of low shrubs 

including Dracophy11um unif1orum, Phy11oc1adus a1pinus and 

Coprosma pseudocuneata, with occasional Dracophy11um 

longifo1ium and Archeria traversii. Prominent up to 60 cm 

height. is a carpet of the snow totara Podocarpus niva1is. A 

mature shrub of Dacrydium biforme is present together with the 

shrubs 01 ear ia col ensoi, o. 1a c.ilnosa and Pseudopanax 1 inear is. 

In the mosaic of open areas Chionoch1oa rubra, C. c.f. rigida 

and C. c.f. f1avescens are present with numerous grassland or 

boggy grassland berbs, small shrubs, grasses and sedges. 

Quantitatively, the most important ground cover is contributed 

by the small fern Hymenophy11um mu1tifidum, the moss 

Dicrano1oma robustum and other bryophytes associated with 

closed woody vegetation. Bryophytes and lichens are common as 

epiphytes on the shrub stems. 

This stand has some features in common with a scrub-conifer 

low forest community growing on the 10,250 year B.P. moraine 

(described next) and SlOe On T6 the full expression of 

Dacrydium biforme might be restricted because the site is only 

30 m long by 20 m wide. Certainly the matrix of Podocarpus 

niva1is that first occurred at site T5 is also prominent here, 

and on the moraine. 

g) Moraine near Reckless Torrent 

General description - shrub-conifer forest with a low 

discontinuous canopy dominated by 

Coprosma pseudocuneata, and 

emergent Liboc.edrus bidwi11ii, 

Dacrydium biforme and Dracophy11um 

traversii. Extensive openings in 

canopy with ground cover of 

Podo ca.rpus ni val is. 

Topography - gently sloping (0-10°) moraine surface. 

Many large (3-10 m diameter) boulders giving 

hummocky microtopography. 

Altitude - 840 m 
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Soil horizonation - k /E /2B /2BC/2C -n ag s 
Age - 10,000 years B.P. 

This is mature, low growing, subalpine scrub-conifer forest on 

a gently sloping moraine surface. Coprosma pseudo c.ilnea ta, 

Myrsine divaricata, Archeria traversii form a partial canopy 

at 2-4 m with emergent, old Dracbphyllum traversii, Libocedrus 

bidwillii and Dacrydium biforme. Seedlings and saplings of 

the latter two were common. Phyllocladus alpinus and 

Podocarpus hallii are also common. Openings in the canopy are 

extensive and Podocarpus nivalis is prominent in these areas. 

Tussock grasses, mainly Chionochloa rubra, occur scattered 

throughout these openings but are more prominent near the edge 

of the stand. This stand is similar to the mature subalpine 

scrub-conifer forest on steep slopes (56), except that the 

stature of the vegetation is lower, there are many openings in 

the canopy and ground cover is more continuous. It is 

probably representative of mature scrub-forest on flat to 

gently sloping surfaces that are not excessively wet. 

h) T7 - alluvial cone on Tarkus Knob 

General description - Chionochloa rubra-cushion bog 

grassland. 

Topography - distal part of gently sloping (4°) alluvial 

cone. 

Altitude - 960 m 

Aspect - SE 

Soil horizonation - ~/Ah/Eagl/Eag2/Bf/Bs/C/2Cg/3C/3Cg 
Age - 2500 years B.P. 

In this stand Chionochloa rubra and cushions of Donatia novae

zelandiae provided the most ground cover. This, together with 

the prominence o~ Carpha alpina, Schoenus pau cjf lorlls, 

Dacrydium laxifolium and Celmisia glandulosa, indicates 

permanently wet conditions. The vegetation is mature and it 

is likely that the site has passed directly from wet grassland 

to cushion grassland as the peat formed. Woody species, 

though present, may have remained a minor component. 
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7.3.2.2 Vegetation descriptions for steeply sloping sites 

a) Sl - debris slide near Whinging Creek. (Only a 

qualitative description of this site was made.) 

General description - open, low (1-2 m).r seral shrubland. 

Topography - steep (30°) hillslope 

Altitude - 900 m 

Aspect - N 

Soil horizonation - Lie 
Age - 35-40 years 

The community has a patchy to dense cover of 1-2 m tall 

Dracbphyllum longifolium, Olearia cblensoi and Olearia 

iliclfolia, with frequent Olearia laciJnosa, Coprosma 

pseudocuneata and Coprosma rugosa. Blechnum capense is the 

main herb. Gaps between the dense shrub patches are dominated 

by short shrubs of the nitrogen-fixing Carmichaelia 

grandiflora and tussocks of Chionochloa pallens, among which 

Chionochloa cbnspicua and the scrambling Coprosma depressa are 

frequently seen. Ground cover is formed by carpets of Gunnera 

monoica, mosses and Lycbpodium scariosum. 

Dracbphyllum traversii is already established, eight young 

plants being counted in a 200 m2 area. Growth ring counts 

(Table 5) indicate the debris slide occurred 35-40 years ago. 

This seral community has much in common with another near the 

base of Tarkus Knob (Fig. 30e). This second site was similar 

in age (Table 5), but faced south. A more detailed 

description was made of this site (Appendix 4). 

General description - open, low (2-3 m), seral 

Dra cbphyllum long ifol ium-Ol earia 

c.olensoi scrub with Ca.r:michaelia 

grandiflora forming an understory 

and Chionochloa pallens in openings. 

Topography - steep (35°). hillslope 

Altitude - 880 m 

Aspect - S 



Soil horizonation - L/C 

Age - 35-40 years 
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In this stand there is patchy dominance by 2-3 m tall 

Dracbphyl1um longifolium, shorter Olear.ia cblensoi and 

Carmichaelia grandiflora. Open areas, which large shrubs have 

not colonised, carry vigorous Chionochloa pallens, Ourisia 

macrophylla and numerous bryophytes, herbs and subshrubs. The 
:------

vegetation forms a vigorous seral complex in which many plants 

normally associated with more mature sites (e.g. Coprosma 

pseudocuneata, Dracbphyllum traversii and Archeria traversii) 

have already appeared as young plan.ts. 

b) S2 - debris avalanche behind Cropp Hut 

General description - tall (4-6 m) seral Pracbphyllurn 

longifoliurn-Coprosrna pseudocuneata 

scrub. 

Topography - steep (29°) hillslope 

Altitude - 885 m 

Aspect - N 

Soil horizonation - L/H/C/2C 

Age - 140 years 

This stand is dominated by dense 4-6 m tall Dracbphyllurn 

longifoliurn, with an understory of Coprosrna pseudocuneata. 

The main ground cover is formed by Blechnurn capense and 

Phorrniurn cbokianum over leaf litter, with a few short herbs, 

shrubs and seedlings. Occasional Olearia la~nosa and 

Dracbphyllurn traversii occur in the canopy, and there is a 

scattering of Dracbphyllurn traversii, Archeria traversii, 

Coprosrna ciliata, Libocedrus bidwilli and Dacrydiurn biforrne in 

the understory. 

An attempt was made to estimate the number of Libocedrus and 

Dacrydiurn plants in the area 3 metres either side of the tape 

transect. In an area of approximately 600 m2 15 Libocedrus 

from 3 to 13 cm basal diameter and 2 to 3 m tall and a few 

seedlings (1 cm diameter) were seen. Six Dacrydiurn, 
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approximately 3 cm basal diameter, were counted. Several 

Libocedrus had terminal dieback. Four of the larger specimens 

were found to be less than 100 years old (Table 5). This 

sera1 scrub on a debris avalanche surface provides good 

evidence for Libocedrus bidwilli and Dacrydillm biforme 

regeneration on disturbed surfaces. 

c) S3 - short, steep riser between T2 and T4. 

General description - tall (2-4 m), mixed subalpine scrub 

with frequent Coprosma 

pseudocuneata, and emergent Olearia 

1 a cunosa and Dra cophyll um 

longifolium. 

Topography - steeply (40-50°) sloping riser. 

Altitude - 875 m 

Aspect - ESE 

Soil horizonation - ~/Bw/2BC/2C 

Age - 500-1000 years 

In this stand the most important cover species is Coprosma 

pseudocuneata (up to 3 m tall), above which emerge large 

Olearia lacunosa and Dracophyllym longifolium. Other shrubs 

scattered through the stand, but providing some cover, are 

Dracophyllum uniflorum, Archeria traversii, Phyllocladus 

alpinus, Podocarpus nivalis, and Myrsine divaricata. One 

large Dracbphyllum traversii was present. 

Tall ground cover is mostly Astelia nervosa, the shield fern 

Polystichum vestitum, and mountain flax (Phormium 

c.bokianum) in the areas of taller shrubs. Species associated 

with the wet grassland of T4 appear in some open,upper 

backs10pe areas. On the deeply shaded surface, deep leaf 

litter and some forest bryophytes form the characteristic 

ground cover. 

d) S4- - old debris avalanche on Tarkus Knob. 

General description - tall (2-5 m), mixed scrub 

containing frequent Olearia 
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colensoi and occasional emergent 

Libocedrus bidwillii. 

Topography - steep (44°) hillslope. 

Altitude - 890 m 

Aspect - SSE 

Soil horizonation - L/F/H/~ /E ./B /2BC/2C -n agJ s 
Age - 1000 years B.P. 

This stand consists of tall scrub (2-5 m) dominated by a 

mosaic of Olearia colensoi, Coprosma pseudocilneata, 

Dracophyllum traversii, Archeria traversii, and Phyllocladus 

alpinus, with several emergent mature Libocedrus bidwillii. 

Occasional Dracophyllum longifolium and Olearia lacunosa 

appear in the upper canopy. Ground cover up to 60 cm tall is 

chiefly Astelia nervosa and Blechnum capense over bryophytes, 

among which Dendroligotrichum is prominent. However, deep 

leaf litter covers most of the ground especially in the 

vicinity of Dracophyllum traversii in the canopy. 

e) S5 - short steep riser between T4 and T5. 

General description - tall mixed scrub with Coprosma 

pseudocilneata and Archeria 

traversii canopy and emergent 

Dracophyllum longifolium, D. 

traversii and occasional Libocedrus 

bidwillii. 

Topography - steeply sloping (40-45°) riser. 

Altitude - 910 m 

Aspect - ESE 

Soil horizonation - L/~/Bs/2BC/2C (upper backslope) and 

L/F/H/Bg/C (lower backslope) 

Age - 7-10,000 years B.P. 

This stand comprises mature, subalpine low scrub-forest. It 

has a low canopy, 60 cm to 3 m high, formed by Coprosma 

pseudocuneata and Archeria traversii. Emerging above are 

scattered Dracbphyllum traversii, D. longifolium, Olearia 

lacunosa, o. cblensoi, Archeria traversii, Phyllocladus 
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alpinus and Pseudopanax linearis. Two large Libocedrus 

bidwillii (53 cm diameter, 4-5 m tall) were present in the 

stand. Ground cover is formed by abundant Blechnum capense, 

the umbrella moss Dendroligotrichum dendroides and other 

forest bryophytes, with frequent Astelia nervosa plants. 

However, most of the surface is thickly covered in leaf and 

twig litter. 

f) S6 - ridge between Hut Flat and Hut Creek 

General description - tall (4-5 m), mixed scrub-conifer 

forest with large emergent 

Libocedrus bidwillii and Dacrydium 

biforme. 

Topography - steep (27°) broad ridge crest. 

Altitude - 925 m 

Aspect - NW 

Soil horizonation - L/F/H/~/Eag/Bs/2BC/2C 

Age - 7-10,000 years B.P. 

This is mature subalpine scrub-forest on a stable, steeply 

sloping surface. Gnarled old Dracbphyllum traversii, a 

scattering of large mature Dacrydium biforme and old flagged 

Libocedrus bidwillii form a partial canopy at 5 m with 

occasional Phyllocladus alpinus, Dracbphyllum longifolium and 

Pseudopanax linearis. A discontinuous lower layer is formed 

by Coprosma pseudocilneata, Archeria "traversii and young 

Phyllocladus alpinus. A sparse ground cover of tall herbs is 

formed by Phormium cbokianum, Astelia nervosa and Blechnum 

capense while the ground is covered by foliage and twig litter 

with a few forest bryophytes, lichens and Hymenophyllum 

multifidum. 

Se:edlings of Da crydium biforme are numerous as well as a 

scattering of smaller size classes of Liboc.edrus bidwillii. In 

a 600 m2 area adjacent to the transect, 52 Dacrydium and 7 

Libocedrus seedlings all less than 1 metre tall were counted. 

This regeneration may have been stimulated by light reaching 

the ground through a broken or partly open canopy. 
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7.3.2.3 Vegetation descriptions of other sampled communities 

a) S7 - steep, tussock covered hillslopes at Hut Flat. 

General description - tall Chionochloa pallens grassland. 

Topography - steep (35°) hillslope 

Altitude - 1015 m 

Aspect - SE 

Soil horizonation - ~/2C/R 

Age - <200 years 

The stand is dominated by a dense cover of vigorous, 1-2 m 

tall Chionochloa pallens with some C. flavesc.ens and scattered 

small plants of Carmichaelia grandiflora, Olearia cblensoi and 

Dracbphyllum uniflorum. Large plants of Ranunculus lyallii 

and Ourisia macrocarpa occur frequently. There are occasional 

to frequent patches of Polystichum vestitum and Blechnum 

capense, while Coprosma cheesemanii scrambles among the 

tussocks. The community gives the appearance of being seral 

grassland with some evidence of invasion by subalpine shrub 

species. It is distinguished from the seral communities (SI, 

S2) by its occurrence at higher elevation (1015 m c.f. <900 

m). It is an alpine grassland community, not directiy 

comparable with the subalpine communities of the soil sequence 

sites. 

b) S10 - old shallow soil over bedrock. 

General description - open, low (1-2 m) Olearia 

c.ol ensoi-Da crydium biforme 

shrubland with Podocarpus nivalis, 

Chionochloa rubra and C. pallens in 

openings. 

Topography - moderately sloping (18°) broad ridge. 

Altitude - 905 m 

Aspect - SSE 

Soil horizonation - L/~/Eag/R 

Age - <10,000 years (1) 

This stand is low (1-2 m) Olearia cblensoi-Dacrydium biforme 

shrubland with openings dominated by podocarpus nivalis 
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herbfield, and scattered Chionochloa rubra and C. pallens 

tussocks. Soils are gleyed and shallow over quartzose schist. 

The prominence of Podocarpus nivalis and presence of cushion 

plants and Hymenophyllum multifidum, as well as the dominant 

shrubs, makes this community somewhat similar to the mature 

shrub communities on TS, T6 and the moraine. It apparently 

has been stable for a long time, forming a mature, shrubland

grassy herbfield on shallow soils. 

7.3.3 Vegetation changes in relation to the soil sequences 

Percentage cover values for plant species contributing the 

most cover were summed over all height strata for each of the 

vegetation stands. Summed cover values for species in each 

stand were then arranged in tables of increasing surface age 

in order to detect trends in species composition associated 

with soil development. The trends for gently sloping and 

steeply sloping sites are presented separately. 

a) Vegetation trends with age for gently sloping sites 

(Table 16) 

Apart from the known early successional species such as 

Carmichaelia grandiflora there are several plants prominent 

only on younger soils e.g. Poa colensoi, Festuca mathewsii, 

Hebe subalpina, Blechnum penna-marina. The low shrub Coprosma 

cheesemanii is similarly distributed but achieves its highest 

% cover on the medium aged terrace (T3). It is still present 

on the 7000 year old alluvial cone (T4). 

Species demonstrating wide distribution throughout the age 

sequence include Chionochloa rubra, C. pallens and 

Dracbphyllum uniflorum. C. rubra is an early dominant and 

only becomes less frequent on the shrub dominated surfaces (T5 

and T6), possibly due to the small size of the sampled sites. 

C. pallens is also an early dominant achieving maximum cover 

on the medium aged terrace (T3). It is still present on T4 

and TS although lacking in vigour (see 7.4.2 for trends in 

shoot weight and macro-element composition). D. uniflorum 
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TABLE 16: Percent cover for plant species prominent in the age sequence on 
gently sloping sites (cover summed over all height classes). 



,'r' 

I ;:~;- (yr~) '-~~o .1."'- .I..;) 

200 >1275 
Carmichaelia grandiflora 8 + 
Hebe subalpina 6 2 
Festuc5 matthewsii 6 2 
Schizeilema hydroootyloides 6 + 
Cotula squalida 10 6 + 
Poa oolensoi 22 22 2 
Pratia angulata 8 2 
Blechnum penna-marina 18 8 2 
Coprosma cbeesemanii 10 20 26 
Chionochloa pall ens 14 4 26 
Chionochloa rubra 36 58 32 
Anisotome aromatica 6 24 6 
Dictanoloma robustum 8 18 
DracOphyllum uniflorum + + 46 
Celmisia armstrongii +" 8 
Celmisia gracilenta + 
Celmisia discOlor + 
Myrsine nummularia + 
Hymenophyllum multifidum 6 
podocarpus nivalis + 
Oreobolus strictus 
Coprosma pseudocUneata 2 
DracOphyllum longifolium + 
Phyllocladus alpinus 
Dacrydium laxifolium 
Donatia novae-zelandiae 
Carpha alpina 
Pentachondra pumila 
Coprosma ctenulata 
Schoenus pauciflorus 
Phormium oookianum 
Olearia lacunosa 
Archeria traversii 
Dactydium biforme 
Myrsine divaricata + 
Draoophyllum traversii 
Podocarpus hallii 
Olearia oolensoi 
Libocedrus bidwill it 

KEY: + denotes presence of species 
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establishes on the very young sites, abruptly achieves 

dominance on the medium aged terrace (T3) and remains 

important on older sites. 

Herbs like Ce1misia armstrongii, C. gracilenta and C. 

discolor appear quite early, but contribute more cover in 

older communities. Other small species occur only in the 

older stands e.g. Myrsine nummu1aria, Pentachondra pumi1a, 

Oreobo1us stric~us and Coprosma crenu1ata. 

A characteristic group of species occurs on the shrub

dominated older sites. The most striking of these is 

Podocarpus niva1is, which is first present on T3 and rises to 

be the main low shrub ground cover on the bedrock bench (T6) 

and the moraine. Similarly distributed is the fern 

Hymenophy11um mu1tifidum. On the older shrub-dominated sites 

where grassland is still present (T5, T6), Dracophy11um 

unif10rum is the main species but Coprosma pseudocuneata and 

Phy110cladus alpinus are also important. On the oldest site 

(10,250 year old moraine) Coprosma pseudocuneata contributes 

the most cover but Myrsine divaricata, Archeria traversii, 

01 ear ia col ensoi, O. 1a cunosa, Dra cophy11 um long if 01 i um, D. 

traversii, Libocedrus bidwi11ii and Dacrydium biforme are all 

infrtant. 

On extensive flat to gently sloping areas at 800-950 m 

altitude, the stages of plant succession can be summarised as: 

(a) seral Chionoch10a pa11ens - C. rubra grassland: 

(b) Chionoch10a rubra grassland; 

(c) mixed grassland-low shrubland; 

(d) open, low scrub-conifer forest with Podocarpus 

niva1is prominent in openings. 

While the small size of stands T5 and T6 makes them difficult 

to interpret, the evidence from assumed correlatives of T4 and 

the old moraine suggests that scrub tends to replace grassland 

with time. Grassland communities on young surfaces (e.g. T2) 

are extremely dense, but grassland vigour decreases as soil 
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fertility declines with time. Ground cover then opens up and 

shrub seedlings can become established in the inter-tussock 

areas. Eventually shrubs become dominant on gently sloping 

surfacesjthat are well drained,within the subalpine zone. 

Apart from Chionochloa rubra the important plants in the 

community on the Tarkus Knob site (T7) are Donatia novae

zelandiae, Carpha alpina, Schoenus pauciflorus and the pygmy 

pine Dacrydium laxifolium. These wet grassland or peat bog 

species also appear in the 7000 year old community (T4). It 

is surprising that the peat covered areas of T4 have not 

developed a Chionochloa rubra-cushion bog grassland. The 

absence of Dacrydium biforme from T4, but its presence on 

surfaces of inferred similar age, is also anomalous. The 

possibility of vegetation modification by fire is unlikely, 

since no field evidence was seen, but cannot be entirely ruled 

out. 

b) Vegetation trends with age for steeply sloping sites 

(Table 17) 

A number of species are largely restricted to the seral 

communities on debris avalanche surfaces. The most important 

of these are Carmichaelia grandiflora and Chionochloa pallens, 

together with the large leaved herb Ourisia macrophylla and 

scrambling shrub Coprosma depressa. In young to maturing (81 

to 83) stands Dracophyllum uniflorum and Polystichum vestitum 

contribute to cover but they are infrequent in mature scrub 

forest. 

8everal shrub and herbaceous species are present throughout 

the sequence from recent debris avalanches to stable older 

surfaces. Among the shrubs, 01 ear ia col ensoi, Dra cbphyll um 

longifolium and Olearia lacilnosa appear more prominently in 

early to maturing stages (81 to 83) with a tendency to decline 

in mature scrub-forest. Coprosma pseudocnneata establishes 

over the first 100-200 years and remains important in all 

older communities. Archeria traversii appears on young 



I site Sl S2 S3 S4 S5 
Age (yrs) 40 140 500-1000 1000 7-10,000 

Trees and Shrubs 
Carmichaelia grandiflora 32 + 
Coprosma depressa 8 2 2 
Draoophyllum uniflorum 2 2 18 8 
Olearia oolensoi 26 2 2 44 8 
Draabphyllum longifolium 24 50 18 20 16 
Archeria traversii 4 10 14 20 34 
Olearia ladlnosa + 24 20 4 B 
Coprosma pseudodlneata + 48 45 36 36 
Draabphyllum traversii + 4 2 32 12 
Coprosma ciliata 6 2 
Phyllocladus alpinus + 12 20 14 
Liboaedrus bidwillii 2 8 4 
Dacrydium biforme + 4 
Podocarpus hallii + 2 6 
Myrsine divaricata 10 + 6 
Podocarpus nivalis 8 B 4 
Pseudopanax linearis + 4 
Ground cover species 
Chionochloa pallens 20 2 
Ourisia macrophylla 18 2 + + 
Chionochloa abnspiaia + 8 
Polystichum vestitum 2 2 10 + + 
Dendroligotrichum dendroides 2 2 12 12 
Blechnum capense 2 26 2 8 26 
Phormium abakianum 2 16 8 4 6 
Astelia nervosa + 8 14 16 8 
Uncinia spp. 4 2 + 
Cyathea ablensoi + + 
Hymenophyllum multifidum + + + 
Bryophytes 34 6 20 12 10 

------- --- ------- - -

KEY: + Denotes presence of species 

TABLE 17: Percent cover for plant species prominent in the age sequence on steeply sloping 
sites (cover summed over all height classes) 
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surfaces and increases to be most prominent in mature scrub

forest (85, 86). Dracbphyllum traversii establishes early and 

is most prominent in maturing scrub on Tarkus Knob (84). 

However, this stand may be unusual in that only 25 points were 

sampled and the transect.s ran close to several D. 

traversii trees. On older sites this distinctive multi

stemmed tree contributes increasing amounts of cover. The 

podocarp, Phyllocladus alpinus, begins to establish at 100-200 

years and shows a similar trend to that of D. traversii. It 

is most prominent in mature forest. Mature specimens of 

Pseudopanax linearis are found only in the three oldest stands 

(84, 85, 86). 

The conifers Dacrydium biforme and Libocedrus bidwillii occur 

as distinctive, emergent trees that contribute some cover in 

maturing and mature subalpine scrub-forest. Both species are 

established on the 140 year old debris avalanche (82) but are 

absent from the steep 500 to 1000 year old riser (83). 

Dacrydium biforme is also absent from the maturing scrub at 

the base of Tarkus Knob (84). Both stands (83, 84) are on 

south-facing slopes and L. b-idwillii and D. biforme are 

generally less prominent on south-facing slopes. In order to 

assess the performance of these species in successional 

communities other stands need to be sampled. The presence of 

both on the young debris avalanche (82) provides clear 

evidence for their regeneration on disturbed sites (Veblen and 

8tewart, 1982b: Norton, 1983a). However the ages of the L. 

bidwillii saplings on 82 (93-97 years c.f. 121-134 years for 

Dracbphyllum longifolium) and their absence from the youngest 

sampled stands (81 - both north- and south-facing slopes at 

35-40 years) suggests that L. bidwillii becomes established 

after the initial disturbance, under the cover of open, low 

seral shrubland. The presence of seedlings and saplings in 

the mature scrub-conifer forest (86) indicates that the 

species can also regenerate under tall scrub-forest. 

Among the plants forming ground cover, Chionochloa pallens, 

ourisia rnacrophylla and Chionochloa cbnspicua favour younger 
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successional surfaces. Speci~s like Blechnum capense, 

Phormium cookianum and Astelia nervosa appear early and are 

present in variable numbers throughout the sequence as are 

numerous bryophytes. The umbrella moss Dendroligotrichum 

dendroides forms a distinctive part of ground cover in 

maturing communities. 

Succession on steep slopes is very rapid. Observations of 

recent «5 years) debris avalanches indicate that seedlings 

establish soon after an erosional event. By 35 years low 

sera1 scrub (Sl) attains nearly complete cover. By 140 years 

there is complete cover of 4 to 6 metres tall sera1 scrub 

(S2). This seral scrub contains nearly all the species 

characteristic of mature scrub. By 1000 years mixed scrub, 

with occassiona1 conifers, is present (S4). Thereafter 

changes in species composition are more subtle. 

7.3.4 Discussion 

Despite the small number of stands sampled there are 

trends in the plant composition and cover estimates which 

indicate successional sequences in the subalpine zone. To 

display the full sequence and confirm or change the trends for 

individual species would require the sampling of many more 

stands. The succession from sera1 scrub to mixed scrub

conifer forest on steep slopes, with the development of deep 

gleyed and podzo1ised soils, is reasonably clear. However the 

presence of a grassland-cushion bog community on a remnant 

hil1s1ope facet above Hut Flat (Fig 19), that may be 

significantly older than any of the sites described, suggests 

that a slow-growing, nutrient-conserving grassland-cushion 

community, with a minor shrub component, may form at the 

expense of subalpine scrub. This would be a subalpine 

analogue of the lowland 'pakihi' heath1and (Wardle, 1980). 

On flat to gentle slopes the sampled sites are not fully 

representative of the vegetation in the area. Further 

sampling would be needed to confirm that early sera1 

Chionochloa grassland develops to an open, low scrub-forest in 



-307-

well drained sites in the landscape and Chionochloa 

rubra-Donatia novae-zelandiae cushion communities on wet, 

peaty sites. 

In general terms, the sequences described are similar to those 

described by Wardle (1980), although the distinction between 

plant succession on gentle and steep slopes is clearer in 

Cropp basin, and soil changes have been documented. There are 

two notable differences in species composition. In Cropp 

basin Chionochloa rubra is dominant on old, gently sloping 

sites while in Westland National Park these sites are occupied 

by C. c_-.f. rig ida. Also, in Westland National Park, no gley 

podzols with iron pans were seen and Dacrydium biforme is 

generally absent from the subalpine vegetation. Wardle (1980) 

suggests this may be related to parent material. However the 

time factor cannot be neglected since the moraines examined by 

Wardle are all less than 5000 years old. In Cropp basin gley 

podzols with iron pans and D. biforme were found only on 

gently sloping surfaces that were 7000 years and older. The 

absence of D. biforme from communities growing on steep slopes 

in Westland National Park cannot be explained by the time 

factor alone. 

Plant succession in Cropp basin may be faster than in Westland 

National Park. Wardle (1980) notes that L. bidwillii is not 

present on moraines younger than 5000 years. This may, 

however, simply reflect the different types of site examined 

i.e. moraines or hillslopes. Debris avalanches on hillslopes 

are generally long, narrow features surrounded by diverse 

vegetation, that provides an opportunity for a wide range of 

species to colonise denuded sites. As moraine surfaces in 

Westland National Park form ridges that are spatially 

separate, opportunity for plant colonisation is more limited. 

Apart from the behaviour of L. bidwillii, the succession is 

similar in both areas. 

The influence of topography on the distribution of shrubland 

and grassland in the subalpine zone is noted by Wardle (1960, 
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1973b, 1985a, b) who suggests that microclimate is the 

controlling factor. Depth and duration of snow cover are 

unlikely to be important at Hut Flat since there is only a 

short period of snow cover. Ponding of cold air on flatter 

s.ites may initially favour differences in vegetation 

composition between steep and gently sloping sites. Wardle 

(1985a) provides some field evidence of micro-climate 

differences between terraces and terrace risers in the forest

free subalpine valley floor of the Crow River. He suggests 

that shrub seedlings are able to survive on the risers because 

of favourable micro-climate (protection from frost). With 

these differences established shrubs cannot colonise dense 

tussock grassland and vice versa. 

Because little is known of the autecology and soil nutrient 

requirements of the species in the subalpine successions, it 

is difficult to speculate on the causes of plant succession. 

Changes in soil drainage and soil fertility with time are 

likely to be important in influencing vegetation composition. 

In view of the occurrence of saturated soils on steep and 

gentle slopes, and the apparent low fertility throughout the 

two sequences (see 6.6.7 and 7.4) the importance .of these 

factors needs re-evaluation for high rainfall areas. Greater 

attention to microclimate factors and the ability of the 

various species to cycle and conserve nutrients may yield 

improved explantionsfor vegetation distribution and 

succession. 

7.4 SOIL-PLANT CHEMICAL RELATIONSHIPS 

One of the objectives of the Cropp study was to contribute 

to knowledge of the soil nutrient regime, which is a major 

determinant of the vigour and resilience of plant communities. 

Study has been restricted to grassland communities because of 

difficulties in sampling woody vegetation, and·because a 

considerable amount of information is available for 

Chionochloa grasslands (Connor et al, 1970: Williams et al 

1976, 1978a, b, c, d, e). 
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A notable feature of the Cropp basin is how quickly plants 

colonise denuded areas. This part of the study describes the 

nature of the material which is colonised by plants, and the 

changes in soil nutrient status (as indicated by soil Quick 

Tests) and plant element concentrations with time. Only 

Chionochloa pall ens was investigated as it occurred on all the 

sites examined. None of the published work on C. pallens 

grasslands (Williams, et al 1976, 1978a, b, c, e) investigated 

variability of plant element concentrations in relation to age 

of land surface. 

7 • 4 • 1 Methods 

Two sequences were selected for study: 

a) a sequence on gently sloping sites - includes sites Fl, 

F2, F3 and F4 from the soil sequence described in Chapter 

5, and unvegetated alluvium (FO); 

b) a sequence on steep slopes under C. pallens grassland 

-includes an unvegetated slope (with 20-30 cm of loose 

surficial debris over bedrock, SO) and 2 recent soils (S8, 

S9). S9 is probably older than S8 since it has better 
\ 

~ horizon development. 

At each site five tillers from each of ten plants were 

collected from an area of about 10 m2 around the soil pit. 

Dead sheath material was removed and the tillers bulked 

together for each site. Five soil cores (1.5 cm diameter x 5 

cm deep) were taken from near the base of each sampled tussock 

and combined for each site. 

In the laboratory 20 tillers from each site were dissected 

into sheath/green blade and dead tip. Each subsample was cut 

into 5 cm lengths, dried at 78°C in an oven and weighed. The 

sheath/green blade component was ground to pass a 1 rom sieve 

and chemical analysis was performed only on this material, 

since dead tips have low element concentrations (Williams et 

aI, 1976, 1978b, c, e). Bulked soil samples were air-dried, 
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crushed gently with a roller and passed through a 2 mm sieve 

to remove stones. Plant samples were analysed for major 

elements (N, S, P, Mg, Ca, Na, K). Soil samples were analysed 

by "Quick Tests" for pH (H20), Ca, K, P, Mg, and Na. Organic 

ca.rbon, phosphate-retention, t.otal nitrogen and potassium 

reserve were also determined. All analyses were undertaken by 

the Ministry of Agriculture and Fisheries Invermay 

Agricultural Research Centre using methods described by the 

Plant and Analytical Chemistry Group (1979; for Quick Tests, 

P-retention, total N and plant analysis), Blakemore et 

al (198l; for organic C) and During (1984; for K reserve). 

7.4.2 Results 

7.4.2.1 Soil analyses (Table 18) 

a) Soils on gentle slopes 

pH declined progressively from 7.3 in alluvium to 4.6 in 

F4. Quick Test values were very low throughout the sequence 

apart from the Quick Test for P in Fl. As suggested in 

Chapter 6 these soils are all extremely leached with little 

reserve of exchangeable cations. P-retention, total Nand 

organic C increased from FO to F3 and declined in F4. 

Oxalate-extractable Fe and Al show similar trends (see 6.6.4) 

and will affect P-retention (Saunders, 1965; Campbell, 1975). 

K reserve showed a substantial decrease from FO (6.l m.eq./lOO 

g) to Fl (1.6 m.e~./lOO g) and continued to decrease from Fl 

to F4 (0.34 m.eq./lOO g). 

b) Soils on steep slopes 

Low Quick Test values were also obtained for these soils. 

The pH of SO was very low (5.6), compared to FO (7.3). S8 and 

S9 had lower pH (4.8) than SO. Both soils (S8, S9) had higher 

K, Mg and Na Quick Test values than SO but the values were 

still low. p-retention, organic C and total N were also 

higher in S8and S9 than in SO, while K reserve was much less. 

There was little difference in any of the analyses between S8 

and S9. 
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QUick Tests P Organic Total 
pH Ca K P Mg Na retention C N 

\ \ \ 

FO 7.3 3 <1 2 1 1 <1 0.20 0.02 
F1 5.2 <1 1 13 3 3 9 2.1 0.12 
F2 4.9 <1 1 3 4 3 30 4.2 0.28 
F3 4.8 <1 2 6 4 3 45 8.2 0.67 
F4 4.6 <1 2 3 5 3 34 7.3 0.37 

SO 5.6 <1 <1 7 1 2 5 0.30 0.04 
S8 4.8 <1 3 6 5 4 27 8.4 0.52 
S9 4.8 <1 3 7 5 4 24 6.9 0.37 

TABLE 18: QUick Test values, P retention, organic C and potassium 
reserve for FO-F4, SO, S8 and S9. 

K 
reserve 

m.eqf1 00 ~ 

6.1 
1.6 
0.71 
0.46 
0.34 

5~1 

0.77 
0.65 
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7.4.2.2 Plant analyses (Table 19) 

Results of plant analyses are given in Table 19 as both 

element concentrations (mg/g dry weight) and the weight of 

elements per shoot (mg). 

a) Gently sloping sites 

Total shoot weight and sheath/green blade. weight increase 

from Fl to F3 and then declined in F4. Weight of dead tip 

increased from Fl to F4. Element concentrations of S, Mg and K 

varied little, while Nand Na increased from Fl to F3 and 

declined in F4. P and Ca declined with age. The weight of N, 

S and Naper shoot (sheath/green blade only) increased from FI 

to F3 and declined in F4. K and Ca remained constant while P 

decreased with age. Mg reached maximum values in F2 and 

declined thereafter. 

b) Steeply sloping sites 

Total shoot weight and weight of both components was 

higher than for plants growing on gently sloping sites. 

Element concentrations were similar to those recorded for Fl 

and F2 and therefore weights of all elements tended to be 

higher than for the plants growing on gently sloping sites. 

Weights of all elements except Na were higher in S9 than S8. 

7.4.3 Discussion 

Quick Test values are at the low end of the range reported 

by Williams et al (1978a, e) for soils forming under annual 

precipitation in excess of 2,500 mm. The low values, lack of 

major changes with age, and similar values for gently and 

steeply sloping sites all reflect the strong leaching regime. 

Rapid decrease of K-reserve from initial mineral material (FO, 

SO) to recent soils indicates rapid weathering of micas. 

Element concentrations of Chionodhloa pallens sheaths/green 

blades are generally within the range reported by Williams et 

al (1976, 1978e) for this species. Concentrations of N, Ca 

and K tend to be near the low end of the reported range while 

Sand Na are near the high end. Williams et al (1978e) also 



a) Concentration of elements in sheaths/green blades of Chionochloa pallens 

-A". Shoot weight (g) Element concentrations (mgLg dry weight) 
sheath/ dead 
green tip total N S P Mg Ca Na K 
blade 

Fl 

I 
1.49 0.18 1.67 6.5 1.1 1.2 0.9 0.6 1.6 9.6 

F2 1.66 0.15 1.81 7.9 1.4 1.1 1.3 0.6 3.3 9.3 
F3 2.14 0.20 2.34 8.7 1.2 0.8 0.8 0.3 3.3 7.7 
F4 1.66 0.26 1.92 6.9 1.2 0.6 0.7 0.4 2.6 9.4 

S8 3.09 0.20 3.29 6.8 1.1 1.1 0.8 0.4 2.6 8.9 
S9 3.26 0.29 3.55 7.2 1.2 1.1 0.9 0.7 2.0 10.0 

--

b) Weight of elements in sheaths/green blades of Chionochloa pallens 

? Weight of elements per shoot (mg) 
N S P Mg Ca Na K 

Fl 9.7 1.6 1.8 1.3 0.9 2.4 14.3 
F2 13.2 2.3 1.8 2.2 1.0 5.5 15.5 
F3 I 18.6 2.6 1.7 1.7 0.6 7.1 16.5 
F4 11. 5 2.0 1.0 1.2 0.7 4.3 15.6 

S8 21.0 3.4 3.4 2.5 1.2 8.0 27.5 
S9 23.5 3.9 4.2 2.9 2.3 6.5 32.6 

TABLE 19: Results of plant analyses. 
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note high concentrations of Na and S in plants growing in high 

rainfall areas. Element concentrations show little difference 

between gently and steeply sloping sites but there are 

differences in shoot weight. The plants growing on gently 

sloping sites are smaller statuxed than those on steep slopes 

and have a lower shoot weight. They also show an increase in 

shoot weight, and in concentration and weight of Nand Na, 

from Fl to F3 followed by a decline in F4. These 

characteristics support the visual impression of c. 

pallens increasing in vigour and importance as a cover species 

from Fl to F3 and then declining on F4. The shoot dry weights 

recorded for S8 and S9 compare with the highest values 

recorded by Williams et al (1976, 1977, 1978b, c, e). Shoot 

length and numbers were not measured although a visual 

assessment indicated that the plants growing on steep slopes 

also have longer shoots and a greater number of shoots 

compared to those growing on gently sloping sites i.e. c. 
pallens generally grows more vigorously on steep slopes., 

Element weights also show major differences between the two 

types of site because of differences in shoot weight. They 

are generally within the range recorded by Williams et 

al (1976, 1978e). 

It would be unwise to interpret too much from this study 

because of the small number of stands sampled. Further, it is 

known that there is considerable between-tussock variability 

in element composition (Williams et al, 1978e). However, age 

of land surface clearly does cause some variability in plant 

macro-element composition. Soil Quick Test values were not 

clearly related to variability in plant element composition. 

They did not show a build up in the young soils (FO to F3) 

followed by a decline, as was noted for organic C, total N, p

retention and shoot weight and composition. It is recognised 

that the Quick Tests may not have been sufficiently sensitive 

to subtle changes in soil nutrient status. More appropriate 

analyses may have shown these subtle changes. 

7.5 CONCLUSIONS 

Plant succession on gently and steeply sloping sites in 
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the subalpine zone follows different pathways. On gently 

sloping surfaces seral grassland is present on young sites 

«200 years). On older sites (1275-7000 years) mixed 

shrubland-grassland is characteristic, while on the oldest 

site (10,250 years) an open low scrub-conifer forest, with 

little grasslanq, occurs. Amongst the grasses, Chionochloa 

rubra and c. pallens are codominant on younger sites but older 

sites are dominated by C. rubra. Dacrydium biforme and 

Podocarpus nivalis are important cover species on surfaces 

which are >7000 years old. 

On steep hillslopes, succession from low seral scrub, to tall 

seral scrub, to mature mixed scrub-conifer forest occurs very 

rapidly. Most of the species characteristic of mature scrub

forest are present in seral scrub, so that within about 1000 

years of an erosional event, vegetation cover on denuded sites 

is difficult to distinguish from adjacent uneroded areas. 

An interesting point is the convergence of vegetation cover 

(towards subalpine scrub-forest) on contrasting types of site 

with increasing age. A similar trend was noted in the soil 

sequences in which gley podzols were characteristic of the 

oldest sites on both gently and steeply sloping surfaces. 

Changes in soil fertility and plant element levels with time 

in Chionochloa pallens grassland were described. Variations 

in plant element concentrations with time were not correlated 

with soil Quick Test values, which were extremely low in 

alluvium, bedrock, and in soils ranging from 70 to 7000 years 

in age. The changes in plant element concentrations were more 

closely associated with changes in P-retention, organic C and 

total N. K-reserve showed an initial rapid decline from 

alluvium or bedrock to young soils, followed by a slower 

decline in the older soils. Major differences were recorded 

in shoot weight of plants growing on gently and steeply 

sloping sites. Plants growing on steeply sloping sites had a 

higher shoot weight and hence higher element weights for all 

elements compared to plants growing on gently sloping sites. 
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CHAPTER 8 - CONCLUSIONS: SOIL FORMATION UNDER HIGH RAINFALL 

The soils formed in the high rainfall environment of Cropp 

basin have characteristics attributable to intense leaching, 

weathering, podzolisation and gleying. The study of soil 

sequences provides a basis for interpreting the processes 

involved in soil development through time. Comparison between 

the two soil sequences allows inferences to be made about the 

effect of topography and parent material on soil development. 

The soil sequences in Cropp basin are compared to previously 

described sequences in Westland. Lastly the taxonomic 

classification of each member of the soil sequences is 

described in three soil classification systems. 

8.1 PROCESSES INVOLVED IN SOIL DEVELOPMENT 

In the young soils (Fl - F3, 51 - 53) organic matter 

accumulation, leaching and weathering are the most important 

processes. High rainfall induces intense leaching, causing a 

rapid decrease in topsoil pH with age and low levels of 

exchangeable cations even in young soils. In situ weathering 

is indicated by the initial increase in oxalate-extractable Fe 

and Al in surface horizons, and by the changes in particle 

size characteristics with age (i.e. decrease in gravel and 

sand content, and increase in silt and clay in surface 

horizons). 

Incipient podzolisation was evident, both morphologically and 

chemically, by about 1000-1500 years (F3, 54). With 

increasing soil development there was a progressive loss of Fe 

and AI, and accumulation of Si, in E horizons, that was 

characteristic of podzols. By 7000 years agley podzol had 

formed from coarse textured alluvium. In fine textured 

alluvium agley podzol had formed within 2500 years. 

Insufficient data is available to distinguish the individual 

effects of gleying and podzolisation. In the soil sequence on 

gently sloping sites gley features were apparent at an early 

stage (mottles in F2 -200 years) whereas on steep slopes gley 

features were not present in soils less than 1000 years old, 

and podzolisation preceded gleying. 
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Gleying of the older soils is indicated by: 

a) 

b) 

dominant grey matrix colours in Eag horizons, sometimes 

with red-brown mottles (or weathering stones); 

consistent loss of Fe relative to AI, especially in E 
ag 

horizons of older soils; 

c) the presence of lepidocrocite in the iron pans of F4, FS 

and F7 (A 5 Campbell, pers. comm., 1985). 

In the absence of direct measurements of the water table and 

redox potential the likely conditions can only be inferred. 

Tensiometer measurements on agley podzol on steep slopes (56) 

showed it to be saturated to one metre depth, in what was a 

relatively dry period in the Cropp (six days without rain). 

This suggests that 56 remains saturated for most of the year. 

Because saturation is not a sufficient condition for 

reduction, an attempt was made to establish that anerobic 

conditions existed in some horizons (J B Reid, pers. comm.). 

Oxygen is supplied by percolating rainwater (in which 02 has a 

low solu~ility), and by gaseous diffusion from the atmosphere 

to the soil pores: 

(a) Consider oxygen supply and likely oxygen demand. If [02J 

in rain is 0.03% by volume, then 11 m of rain would 

supply ldx 104 litres (1) water/m2 and 33 1 oxygen/m2 in 

one year. If oxygen demand is assumed (as a minimal 

case) to be that of fallow soil in winter i.e. 0.5 

1/m-2/day (d) (White, 1979), then the oxygen supplied in 

rain will supply the soil needs for 66 days. 

(b) Assuming that the soil remains saturated, then the rate 

of oxygen supply by gaseous diffusion from the soil 

surface is given by Ficks 1st Law (White, 1979) 

F = ~.;k D 
dx 

where F is the quantity of gas diffusing across a unit 

area, perpendicular to the direction of 

movement, in unit time. 

dC is the change in gas concentration (C) per unit 
Ox length (x) in the direction of diffusion. 
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D is the diffusion coefficient for 02 in water. 

At 10 cm depth in a soil that is saturated 
5 0.028 F = 2.6 x 10- x 

10 

= 7.28 x 10-8 cm3cm- 2 

m- 2 d-1 = 0.06 1 

This value is: 

-1 
s 

(i) an over-estimate, since the rate of gaseous 

diffusion in saturated soil (affected by the 

continuity and shape of soil pores) will be lower 

than than in water; and 

(ii) too small (by an order of magnitude) to supply 

enough oxygen, by this mechanism, to maintain 

aerobic respiration at 10 cm depth. 

Thus the surface horizons of S6, where there is microbial and 

root respiration, are both saturated and anaerobic. The 

Eag horizon is most strongly affected by anaerobiosis because 

of its low permeability and poor vertical and lateral 

drainage. In the Bs horizon higher permeability and lower 

respiratory activity probably both contribute to maintaining 

aerobic conditions. 

In the young soils (Fl, F2, Sl - S3) saturation undoubtedly 

occurs in response to heavy rainfalls, but as the soils are 

sufficiently permeable drainage occurs readily following 

cessation of rainfall, and anaerobic conditions do not 

develop. Weathering of surface horizons during soil 

development results in an overall reduction in particle size, 

which affects porosity, permeability and soil drainage. 

Eventually a silt loam textured Eag horizon is formed, with 

massive structure and low permeability. This physical change 

is also associated with the migration of Fe and Al and 

formation of a Bs horizon. In soils from coarse textured 

alluvium this creates a marked discontinuity between a poorly 

permeable, anaerobic zone in the silty textured Eag horizon 

and a highly permeable, aerobic zone in the underlying stony 

alluvium. Fe mobilized in the anaerobic zone as 

Fe2+ (probably organic complexed) is precipitated where redox 
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potential changes suddenly, eventually resulting in the 

formation of an iron pan. Once formed the iron pan may 

accentuate waterlogging in the poorly permeable upper 

horizons, but it is not the primary cause of the formation of 

an anaerobic zone in the soil. Jackson (1984) has suggested 

that poor drainage in the gley podzols of lowland West Coast 

results from the pore size distribution and limited water 

conduction in surface horizons rather than the presence of an 

iron pan. 

On steep slopes, where soils are formed from colluvium, the 

change in texture between E and B horizons is more gradual, ag s 
and consequently redox potential probably changes more 

gradually with depth. In these soils the distribution of 

reducing and oxidising zones may be a response to the decrease 

in organic matter and oxygen demand with soil depth, coupled 

with the effects of changes in particle size and permeability. 

The effect of the Eag horizon is not simply to cause 

waterlogging of the upper part of the profile since the 

measurements made with a tensiometer suggested that the soils 

may be saturated throughout for long periods. Whereas the 

Bs horizon can replenish its water, the Eag horizon is so 

impermeable that throughflow occurs very slowly, resulting in 

saturation with stagnant water. 

Changes in oxygen demand with soil depth may also influence 

the location, of iron accumulations on gently sloping sites. 

F3 and F7 do not have marked textural breaks between Eag and 

Bs horizons, yet they have a sharp boundary. F7 also has an 

iron pan at the boundary between E and B horizons. The 

observed soil characteristics are probably a result of changes 

in both organic matter and oxygen demand with depth, together 

with the effects of physical and chemical weathering on soil 

permeability. 

Farmer et al (1984) put foward a hypothesis for the 

pedogenesis of the gley podzol soils of lowland West Coast. 

They suggested that initially migration of AI, Si and Fe as 
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inorganic sols led to the formation of an iron podzol. 

Subsequently a humus iron podzol, with a morphologically 

distinct ~ horizon, was formed. Eventually a peaty podzol 

with thin iron pan (at the interface of the ~ and 

B horizons) formed. This mechanism does not explain soil s 
genesis in Cropp basin because: 

a) the sequence of soil development does not include a humus 

iron podzol and none of the soils had morphologically 

distinct Bh horizons; 

b) soils analysed for both oxalate-extractable and pyro 

phosphate-extractable Fe and Al indicated most 

translocated Fe and Al was organic complexed 

(pyrophosphate-extractable); 

c) the thin iron pan occurred at the boundary between Eag 

and Bs horizons; 

d) some gley podzols with iron pans (F4, F5) did not have 

peaty surface horizons but the gley podzol without an 

iron pan (S6) did have a peaty surface horizon. 

At the present time genesis of thin iron pans is not well 

understood. The different positions at which they occur and 

their variable mineralogical composition suggests that the 

processes involved in their formation may vary (Righi et al, 

1982; Campbell and Schwertmann, 1984). Most published 

studies of iron pans are of those that occur between ~ and 

Bs horizons (McKeague et al, 1967, 1968; Lavkulich et al, 

1971; Righi et al, 1982) except for the iron pans in podzols 

in Wales (Crompton, 1952; Crampton, 1963). Both redox 

potential and organic matter probably have a role in the 

formation of iron pans. 

By comparison with the gley podzols of lowland West Coast (Mew 

and Lee, 1981; Farmer et al, 1984), gleying occurs at an 

early stage of soil development in Cropp basin. The 

combination of high rainfall and rapid weathering of surface 

horizons creates a zone of low permeability that becomes 

anaerobic in relatively young soils that do not have iron 

pans. On steep slopes podzolisation clearly preceded gleying, 
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but on gentle slopes the relative roles of each process were 

less clear. 

No previous studies of soil chronosequences on steep slopes 

have been published. This study shows the same general 

sequence of soil development on both steep slopes and gentle 

slopes. Soils on steep slopes had thicker B horizons but 

lacked the iron pan characteristic of the older soils on 

gentle slopes. The most developed soil in each sequence was a 

gley podzol. Differences between the two sequences are a 

function of both topography (and its effect on soil water 

regime) and parent material (texture and chemical 

composition). The rate of soil development is also similar 

for both gentle and steep slopes with a podzolised yellow

brown earth forming in 1000 to 1500 years. 

The older soils can be regarded as surface water or perched 

gley soils (as opposed to ground water gleys). Surface water 

gley soils are normally described as soils in which saturation 

of the upper part of the soil is caused by impermeable surface 

horizons. Additionally the period of saturation is usually 

seasonal. This is not the hydrological regime characteristic 

of Cropp basin where soils are saturated regularly throughout 

the year, and the entire soil is saturated not just the 

surface horizons. In many surface water gley soils ped 

interiors may remain oxidised while the ped faces become 

reduced as a result of preferential water movement along the 

larger soil pores. However, in Cropp basin soils develop a 

uniformly gleyed zone in which oxidised colours only occur in 

association with weathering stones. 

In view of the high rainfall, low temperature conditions 

characteristic of Cropp basin it is notable that peats are of 

limited areal extent. Peats form where the rate of organic 

decomposition is low compared to the rate of accumulation. 

This occurs where soils are very wet and oxidation of surface 

litter is restricted. The general lack of peats is an 

indication of the free draining nature of soils and underlying 
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bedrock and is consistent with the rapid runoff response 

observed in this basin (Griffiths and McSaveney, 1983a). 

8.2 COMPARISON WITH OTHER SOIL SEQUENCES IN WESTLAND 

Soil formation has been studied, from examination of soil 

sequences, under annual rainfalls ranging from 1900 mm to 

10,000 mm. Results of these studies suggest an increasing 

rate of soil development with increasing rainfall. All 

studies show a similar sequence of soil development with 

successive formation of recent soils, yellow-brown earths, 

podzolised yellow-brown earths and gley podzols. As rainfall 

increases there is greater development of gley features at 

earlier stages of soil development. 

Sequences of terrace soils in the Grey and Inangahua valleys 

under a 1900 mm rainfall show the slowest rate of soil 

development and the least influence of early gleying 

(Campbell, 1975; Ross et aI, 1977). Terraces with an 

estimated age of 14 to 18,000 years had yellow-brown earths in 

well drained sites. Gley podzols were found in comparable 

sites only on terraces whose estimated age was at least 40,000 

years. 

At Franz Josef, under a 4000 to 6000 mm rainfal~ soil 

development was more rapid (Stevens, 1968). Yellow-brown 

earths had formed within 250 years and by 500 years soils were 

gleyed (possibly as a result of low permeability of the 

compact parent material). By an estimated 5000 years agley 

podzol with an iron pan had formed. 

Under a rainfall of 6500 mm soil development formed agley 

podzol within 2500 years (Smith and Lee, 1984; Sowden, 1986). 

In both reported sequences soils have formed from sandy 

alluvium and therefore the rapid rate of soil formation is due 

to the combination of high rainfall and fine textured parent 

material. The Wanganui River sequence (Sowden, 1986) with its 

large number of terrace surfaces clearly shows the progressive 

development of recent soils, yellow-brown earths, podzolised 
yellow-brown earths, and gley podzols. 
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In Cropp basin, under a 10,000 mm rainfall, the rate of soil 

development is not significantly different to that observed 

under 4000 to 6500 mm rainfalls. In coarse textured parent 

materials agley podzol had formed within 7000 years. Lack of 

surfaces aged between 1000 and 7000 years precludes a more 

precise estimate of the time required to form agley podzol. 

In fine textured parent materials agley podzol with an iron 

pan had formed within 2500 years. All previously studied 

areas are lowland (mean annual temperature 10° to 11°C) 

whereas the sequences in Cropp basin were in the subalpine 

zone (mean annual temperature 5.5°C). 

8.3 SOIL CLASSIFICATION OF SAMPLED SOIL PROFILES 

Soil classification summarises the characteristics of 

reference soil profiles, and expresses the relationships 

between soils. At present there is no universal 

classification system for soils. The sampled soil profiles 

have been classified (Table 20) using the New Zealand Genetic 

Soil Classification (New Zealand Soil Bureau, 1968b), 

FAO/UNESCO (1974) soil units, and Soil Taxonomy (Soil Survey 

Staff, 1975). Many of the classifications given are 

provisional as insufficient data is available to determine 

whether the B horizons of F5, F6,. F7, S3 u ' S31 , S4, and S5u 
m~etthe requirements.for spod~c horizons in the- F~O/UNESCO 

(1974) system and Soil Taxonomy (Soil Survey Staff, 1975). 

All three classifications tend to produce similar groupings of 

soils, and express the change in soil taxonomic class with 

increasing age. 

NEW ZEALAND GENETIC SOIL CLASSIFICATION 

Recent soil from -t Yellow-brown ~ Podzolised yellow- ~ Gley 

colluvium earth brown earth podzol 

alluvium 

FAO/UNESCO SOIL CLASSIFICATION 

Dystric fluvisol ~ Dystric ~ Gleyic podzol -+ Placic podzol 

Regosol cambisol Gleyic podzol 

SOIL TAXONOMY 
Udorthent ...:, Dystrochrept ....... Haplorthod ~ Placaquod 

_..!..!'I _______ _ 
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Technical 
Fl Strongly enleached eldeluvic soil 

from coarse schist alluvium. 
F2 Strongly enleached eldeluvic soil 

from coarse schist alluvium. 
F3 Strongly enleached, weakly E-gleyed 

co-podic fulvic soil from coarse 
schist alluvium. 

F4 Strongly enleached, E-gleyed, ir.on 
illuvial, eldepodic soil with iron 
pan, from coarse schist alluvium. 

FS Strongly enleached, E-gleyed, iron 
illuvial, eldepodic soil with iron 
pan, from coarse schist alluvium. 

F6 Strongly enleached, E-gleyed, iron 
illuvial, eldepodic soil from schist. 

F7 Strongly enleached, E-gleyed, iron 
illuvial, eldepodic soil from fine 
schist alluvium. 

F4p Strongly enleached, eldeplatic soil. 

Common 
Recent soil 

Recent soil 

Subalpine podzolised 
yellow-brown earth 

Subalpine gley podzol 

Subalpine gley podzol 

Subalpine gley podzol 

Subalpine gley podzol 

organic soil 

Sl Strongly enleached co-eldeclinic steep- Steepland recent soil 
land soil from schist colluvium. 

S2 

S6 

S7 

S8 

S9 

SlO 

Strongly enleached co-eldeclinic steep- Steepland recent soil 
land soil from schist colluvium. 
Strongly enleached co-eldefulvic steep
land soil from schist colluvium. 
Strongly enleached co-eldefulvic steep
land soil from schist colluvium. 
Strongly enleached, iron illuvial, 
co-eldepodifulvic steepland soil from 
schist colluvium. 
Strongly enleached, iron illuvial, 
co-eldepodifulvic steepland soil from 
schist colluvium. 
Strongly enleached, strongly B-gleyed, 
co-eldemadentic steepland soil from 
schist colluvium. 

Subalpine steepland 
yellow-brown earth 
Subalpine steepland 
yellow-brown earth 
Subalpine steepland 
podzolised yellow-brown 
earth 
Subalpine steepland 
podzolised yellow-brown 
earth 
Subalpine steepland 
gley soil 

Strongly enleached, strongly E-gleyed, Subalpine steepland 
co-eldepodic steepland soil from gley podzol 
schist colluvium. 
Strongly enleached, co-eldeclinic 
steepland soil from schist. 
Strongly enleached, co-eldeclinic 
steepland soil from schist. 
Strongly enleached, co-eldeclinic 
steepland soil from schist. 
Strongly enleached, strongly B-gleyed 
co-eldemadentic soil from schist. 

Steepland recent soil 

Steepland recent soil 

Steepland recent soil 

Subalpine gley soil 

~able 20: Classification of sampled soils. 
(a) New Zealand Genetic Classification. 



FAC/UNESCO 
soil units 

Fl Dystric fluvisol 

F2 Dystric fluvisol 

F3 Dystric cambisol 1 

F4 Placic pOdzol 1 

F5 Placic podzol l ,2 

F6 Gleyic podzo1 2 

F7 Placic podzol l ,2 

F4p Dystric histosol 

Sl Dystric regoso1 3 

S2 Dystric regosol 

S3u Dystric cambisol 

S3 1 Dystric cambisol 

S4 Gleyic podzo1 2 

S5 Leptic 2 
u podzol 

S51 Humic gleysol 

S6 Gleyic podzol 

S7 Dystric regosol 

S8 Dystric regosol 

S9 Dystric regosol 

S10 Dystric gleysol 
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4 5 USDA Soil Taxonomy , 

Typic udorthent, sandy skeletal, 
mixed frigid. 
Aeric 6 aquic udorthent, sandy 
skele6al, mixed, frigid. 
Aeric aquic dystrochrept, sandy 
skeletal, mixed, frigid. 

Typic placaquod 2 ,7, fine silty over 
sandy skeletal, mixed, frigid. 
Typic placaquod, fine silty over sandy 
skeletal, mixed, fr~gid. 
Aquentic haplorthod , fine loamy over 
sandy skeletal~ ,ixed, frigid. 
Typic placquod ' , fine loamy, mixed, 
frigid. 

Borohemist 2 

Typic udorthent 3 , coarse loamy, 
mixed, frigid. 
Typic udorthent, coarse loamy, 
mixed, frigid. 
Typic dystrochrept, sandy skeletal, 
mixed, frigid. 
Typic dystrochrept, sandy skeletal, 
mixed, frigid. 2 
Aquentic haplorthod , loamy skeletal, 
mixed, frigid. 

Typic haplorthod 2 , loamy skeletal, 
mixed, frigid. 

Humic haplaquept 2 , loamy skeletal, 
mixed, frigid. 

Histic8 typic sideraquod, fine silty 
over sandy skeletal, mixed, frigid. 

Lithic udorthent, sandy skeletal, 
mixed, frigid. 
Lithic udorthent, sandy skeletal, 
mixed, frigid. 
Lithic udorthent, sandy skeletal, 
mixed, frigid. 9 
Lithic haplaquept , coarse silty, 
mixed, friaid. . 

Table 20: Classification of sampled soils. 
(b) FAC/UNESCO soil units and USDA Soil Taxonomy. 

1 - See notes on following page. 
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NOTES TO ACCOMPANY TABLE 20. 

1 Has gleyic features also. 

2 Classification provisional - insufficient data. 

3 Transitional to not soil - no characteristic epipedon; 
insufficient data to decide if litter layer mixed to 18 cm 
would meet requirements of any epipedon. 

4 Moisture regimes estimated to be perudic rather than udic. 

5 Mineralogy reported as mixed, from consideration of likely 
mineralogy of soils derived from quartzofeldspathic parent 
materials. 

6 Used as extragrade element - soil is estimated to remain 
saturated for long periods but anaerobic conditions are not 
common because of continued replenishment by oxygenated 
water. 

7 No subgroups established. 

8 Subgroup excludes histic epipedon. 

9 Poor classification of strongly developed, shallow soil 
over bedrock. No spodic horizon present - thin 
discontinuous Fe accumulation at bedrock interface does not 
meet requirements of placic horizon. If it had a spodic 
horizon this soil would be an Aquod. 



-327-

CHAPTER 9 - CONCLUSIONS: SOIL EROSION HISTORY 

Reconstruction of the erosional history of Cropp basin is 

based on regional and local glacial history, age and 

stratigraphy of depositional surfaces, interpretation of soil 

and vegetation distribution, and assessment of present-day 

forms of erosion. The general smoothing by past glacial 

activity contrasts with the intensely dissected landscape 

resulting from fluvial and mass movement erosion. The pattern 

of landforms and soils records a history of high erosion 

rates. 

Regional glacial history (Suggate, 1965) suggests that before 

14,000 years B.P. glaciers extended beyond the mountains as a 

series of ice lobes. Cropp basin was largely occupied by ice 

during the ice advances of the otira Glaciation, with only the 

higher ridges and peaks emergent. The oldest remnant slope 

facets (truncated spurs) were tentatively correlated with the 

Kumara 22 glacial advance (22,300 to 18,000 years B.P.). 

These remnant slope facets occur at high elevation, are small, 

and highly dissected. More extensive glacial ,surfaces at 

lower elevation were correlated with the Kumara 3 advance 

(17,000 to 14,000 years B.P.). Tarkus Knob, a bedrock 

promontory in the mid-Cropp region, was formed in this 

advance. 

At c. 14,000 years B.P. the terminus of glaciers from the 

Hokitika-Whitcombe drainage basin was near Kaniere. By c. 

10,000 years B.P. the ice terminus had retreated almost 40 km, 

and ice became restricted to the tributary valleys of the 

Hokitika and Whitcombe Rivers. A readvance at 10,250 years 

B.P. formed lateral and term~nal moraine in the mid-Cropp 

region. It also formed the Hut Flat basin, which, 

subsequently, was partly infilled. 

Further retreat of ice followed this advance. Hut Flat was 

deglaciated by 7,000 years B.P. and by 2,500 years B.P. ice 

was restricted to the cirques in the headwaters of Cropp River 
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and Noisy Creek. Since no glacial deposits are present in 

these cirques direct dating of deglaciation is not possible. 

Other valleys nearby (e.g. Waitaha) may have a more complete 

record of deglaciation. 

There is a broad pattern of decreasing maximum surface age 

towards the headwaters of Cropp basin that results from 

progressive glacial retreat. This is expressed in the amount 

of modification of glacial surfaces, the age of dateable 

organic material, and in the soil pattern. The chronology for 

glacial retreat provides an understanding of maximum surface 

age within Cropp basin. 

Interpretation of the soil pattern, the age and stratigraphy 

of depositional landforms, and present day forms of erosion 

provides an understanding of post-glacial landform 

modification. The most complete record of landscape history 

was obtained from the mid-Cropp region, where depositional 

landforms were best preserved. The landscape is predominantly 

erosional, with depositional landforms occupying <2% of the 

area. 

Till establishes the presence of ice near Reckless Torrent at 

10,250 years B.P. By 7,000 years B.P. ice retreat had 

resulted in deglaciation of the mid-Cropp region, including 

Hut Flat. Oversteepened bedrock slopes were modified by mass 

movement and fluvial erosion resulting in large debris cones 

on the south bank of Cropp River between Hut Creek and Cream 

Creek, and small debris and alluvial cones at Hut Flat (T4 and 

equivalents). Alluvial cones dated at 7,000 years B.P. are 

amongst the most widespread depositional surfaces in Cropp 

basin and indicate a significant period of slope adjustment 

following deglaciation. This was largely complete by 7,000 

years B.P. at both Hut Flat and Noisy Creek. 

No surfaces with ages between 7,000 and 5,000 years B.P. were 

identified. There is a similar hiatus in glacial deposition 

throughout the Southern Alps (Wardle, 1973a, 1978: Burrows, 
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1979; Burrows and Gellatly, 1982; Moar, 1982) suggesting 

widespread stability during this period. However, in Cropp 

basin the lack of surfaces may also result from their removal 

or burial during later episodes of erosion and deposition. 

Dates from Cropp riverbed at Hut Flat indicated significant 

lowering of the bed prior to 3,200 years B.P. Subsequent 

aggradation may have destroyed surfaces formed earlier. 

Buried surfaces dated at 4,230 years B.P. (Noisy Creek) and 

3,260 years B.P. (Hut Flat) were identified, but no non-buried 

correlatives were found. Most depositional surfaces were 

younger than 3,000 years B.P. Alluvial cones and terraces at 

Hut Flat were dated at 2,500 years B.P. (on top of Tarkus 

Knob, T7), 1,275 years B.P. (T3), 200 years (T2) and 100 years 

(Tl). Correlatives of the latter two were formed by Snowy 

Stream and Reckless Torrent. T2 was also shown to contain at 

least three buried surfaces, formed between 1,300 and 200 

years B.P. 

The sequence of depositional surfaces provided a chronology 

for soil development on gentle slopes. For steep slopes a 

separate chronology of soil development was obtained. These 

chronologies were used to interpret surface age and erosion 

history. surfaces formed by Pleistocene and Aranuian glacial 

advances were identified geomorphologically (remnant, smooth 

slope facets discordant with streams) and pedologically (soils 

were gley podzols). At Hut Flat, Noisy Creek and in the lower 

Cropp these surfaces have been substantially modified in less 

than 10,000 years. Preservation of older slope facets was 

poor making it impossible to identify distinctive slope facets 

formed during each of the episodes recorded in the 

depositional surfaces. It was interpreted from soil 

morphology that few soils on steep slopes under scrub-forest 

and grassland vegetation were older than 1,000 to 2,000 years. 

Under scrub-forest vegetation, soils were mainly recent, 

yellow-brown earths or podzolised yellow-brown earths. 

Strongly developed gley podzols were rare, occurring on some 

of the more stable ridge crests. Under tussock grassland on 
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steep slopes, soils were dominantly recent, with a few sites 

having more developed soils. Here it is interpreted that 

surface age is rarely in excess of 500 years. Fluvial and 

mass movement erosion on steep slopes has maintained young 

soils over most of the landscape. All three areas that were 

studied in detail had relatively stable base level since 

deglaciation, yet erosion had been very active. It was not 

possible to compare this with an area that had been more 

affected by base level lowering (lower Cropp region) since no 

detailed study of the soil pattern was undertaken in such an 

area. Given the lack of preservation of glacial landforms, 

extremely steep slopes and widespread seral vegetation 

communities it is likely that the lower Cropp region is also 

dominated by recent soils and yellow-brown earths. 

The apparent paradox between high rates of erosion and dense 

vegetation cover results from the dynamics of erosion

revegetation processes in the high rainfall environment of 

Cropp River. Recovery of vegetation following an erosional or 

depositional event in Cropp basin is extremely rapid. 

Colonisation by vegetation occurs as soon as surface stability 

is sufficient for vegetation to become established. Commonly 

this occurs within a few «5) years, although some sites may 

remain active for hundreds or thousands of years (for example, 

where they are undercut by streams, or supplied with sediment 

from above). On steep slopes 1 to 2 metre tall seral scrub 

attains nearly complete cover by 35 years, and by 140 years is 

4 to 6 metres tall. Although the seral nature of this scrub 

is easily recognised, the community contains nearly all the 

species present in mature scrub. Species composition changes 

rapidly in the first thousand years of plant succession, but 

thereafter changes are more subtle. The rapid colonisation of 

denuded sites, and rapid plant succession destroys the obvious 

visual evidence of high erosion rates. 

Fluvial and mass movement processes are dominant in modifying 

the landscape. Few large scale slope failures were identified 

{rock avalanche in lower Cropp, debris avalanche behind Cropp 
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Hut) although they may have been more important immediately 

following deglaciation. At present small scale erosion 

phenomena appear to be more important in landscape 

modification. The complexity of the soil pattern also 

indicates a dominance of small, frequent slope failures. 

At the inception of this study it was envisaged that the 

pedological studies would be complemented by a sediment source 

evaluation. This has not been undertaken, therefore it is 

difficult to estimate the relative contribution to basin 

sediment yield of erosion from the vegetated areas of Cropp 

basin, by comparison with point sources and the unvegetated, 

steeper areas at higher elevation. From the measured short

term denudation rate of 11 + 1 mm a- 1 and analysis of the soil 

pattern, some inferences can be made. It is inferred from the 

soil studies at Hut Flat that an average soil age is of the 

order of 500 to 1,000 years. This represents a denudation 

rate of about 1 to 2 mm a- 1 (on the assumption one metre of 

soil is removed every 500 to 1,000 years), or ten to twenty 

percent of the measured short-term denudation rate. This 

implies that the majority of the sediment yield from the basin 

comes from point sources within the vegetated areas, or from 

high elevation unvegetated areas. The soil pattern also 

suggests variable contribution of sediment. Grasslands in the 

pelitic schist region provide large quantities of sediment 

(partly measured by Hawkes, 1981) and are almost exclusively 

underlain by recent soils. By contrast, the forest and scrub 

covered areas provide less sediment and contain an array of 

recent soils, yellow-brown earths, and podzolised yellow-brown 

earths. 

Evidence of high erosion rates is present throughout the 

basin. The primary importance of fluvial erosion is indicated 

by the intense dissection of the entire basin, rills, gullies 

and ravines formed in bedrock, and the measured river load. 

Downcutting by fluvial processes mantains steep slopes 

throughout most of the basin, which fail by frequent, storm

induced debris avalanches. Where base level is stable (Hut 
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Flat, Noisy Creek) similar processes are evident, with steep 

slopes maintained so long as lateral river migration is able 

to remove sediment supplied by hillslope failures. At higher 

elevations fluvial erosion, rockfall and snow avalanching are 

important. A measurement programme designed to quantify the 

relationship of sediment production by weathering and mass 

movement, with sediment transport and direct fluvial erosion 

would need to be extensive, but would yield results in a short 

time. 

At Cropp basin uplift, rainfall and erosion are extreme. 

Rapid uplift is associated with major crustal movement along 

the Alpine Fault. Extreme rainfall provides the runoff for 

sediment production. The interaction of uplift and rain.fall 

has produced a landscape with extremely steep slopes and 

dissected topography. Resilience of the vegetation cover is 

indicated by the ability of plants to rapidly recolonise 

denuded areas (despite low soil nutrient status), and the 

ubiquitous vegetation cover on almost all slopes (including 

vertical cliffs) up to the limits of plant growth. O'Connor 

(1984), in a discussion of stability and instability of 

ecological systems in New Zealand mountains, has suggested 

that the Westland mountains demonstrate cyclical stability. 

This is characterised by large cyclic oscillations of 

ecological factors but long term stability. Disturbances are 

part of a fluctuating system, and are necessary for the 

maintenance of the system. Cropp River is an example of a 

landscape in which a high rate of uplift is balanced by a high 

rate of erosion, and the presence of dense vegetation cover 

reflects adaptation to frequent disturbance. 

Cropp River provides an remarkable contrast with catchments 

I:!ast of the Mclin Di vid.e. In the east bare ground is 

extensive, but erosion rates are generally low (Whitehouse, 

1985a). The widespread occurrence of bare ground reflects a 

history of deforestation, and inability of vegetation to 

recolonise infertile subsoils in a severe climate (frequent, 

severe frosts; strong, dessicating winds; and summer 
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moisture deficiency) (Basher and Tonkin, 1985). By contrast 

the rate of soil erosion in Cropp basin is extremely high but 

there is little obvious visual evidence because of dense 

vegetation cover. The rapid revegetation of eroded sites, 

despite 1mIT soil nutrient. status, is facilitated by the high 

rainfall. 

The method adopted in this study provides a means of 

investigating the dynamics of erosion processes, that is not 

possible with erosion assessment based simply on the 

contemporary extent of erosion. The basis of the method is 

interpretation of the development and distribution of soils as 

a record of the magnitude and frequency of erosional episodes. 

A prerequisite to such interpretation is a knowledge of the 

temporal and spatial factors that control relative soil 

development. Soil chronosequences are the basis for 

understanding soil development over time. Independent dating 

of chronosequences allows soils to be used as a 

geochronological tool for numerical age estimates. In making 

such age estimates account must be taken of spatial variation 

in soils at any given development stage. Soils have proved 

especially appropriate as a geochronological tool in this 

study where high rainfall ensures a rapid rate of soil 

development. Similar methods would be useful in other high 

rainfall areas. 

Results of this study suggest that estimates of vegetation 

depletion or percentage bare ground should not automatically 

be taken as a measure of the rate or amount of soil erosion. 

Contemporary surface features should be evaluated in relation 

to the evidence in the soil pattern and soil stratigraphy. 

Only then can the dynamics of soil genesis, soil erosion and 

plant colonisation processes be understood. 
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CHAPTER 10 SUMMARY 

1 Soil development, soil erosion and natural revegetation have 

been studied at Cropp River, a drainage basin situated 

within the zone of maximum precipitation, uplift and erosion 

rates in the central Southern Alps of New Zealand. 

2 Studies of geomorphology, contemporary forms of erosion, and 

the development and distribution of soils are used to infer 

the history of soil erosion, and to assess its effect on the 

land surface. 

3 Previous studies of erosion in the Southern Alps, and the 

techniques that have been used to assess erosion, were 

described. 

4 Literature pertaining to the use of dating techniques, soil 

stratigraphy and erosion assessment techniques was reviewed. 

5 The environmental characteristics important in understanding 

erosion processes (climate, hydrology, bedrock geology, 

uplift rates and seismicity, vegetation, and introduced 

animals) were described. 

6 The broad features of basin geomorphology were discussed in 

terms of glacial history, forms of erosion and geological 

controls. The basin is characterised by intense fluvial 

dissection of a formerly glaciated valley. Till dated at 

10,250 ± 150 years BP, in the middle reaches of Cropp River, 

provided a maximum age for the post-glacial topography of 

the upper basin. U-shaped valleys were present in headwater 

areas, but have been largely modified by fluvial and mass 

movement erosion elsewhere in the basin. Forms of erosion 

were described and illustrated. Geological controls on 

geomorphology and erosion were noted. Five broad geomorphic 

regions were recognised and described. 

7 Four areas were chosen for detailed study of soil 

development and distribution because of their array of 

landforms and stratigraphic record. 
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8 At Hut Flat soil chronosequences on gentle and steep slopes 

were examined, and dated independently by dendrochonology, 

radiocarbon dating and stratigraphy. These provided a model 

of soil development for coarse textured alluvial or 

colluvial parent materials in "well drained" sites. Soil 

development progressively formed recent soils «200 years), 

yellow-brown earths (500 to 1000 years), podzolised and 

gleyed yellow-brown earths (1000 to 1500 years), and gley 

podzols (2,500 to 10,000 years). The effect of variation in 

parent material, topography, and site drainage on soil 

development was noted. These studies provided the basis for 

interpreting the relative development and age of soils on 

undate~ ~ surfaces. 

9 Detailed geomorphology of Hut Flat, ages of landforms, and 

the soil pattern were discussed. A series of alluvial 

terraces, alluvial and debris cones were preserved upstream 

of, and overlying, a bedrock promotory (Tarkus Knob). These 

ranged in age from <70 to 7 t~~o,OOO years BP. On steep 

slopes there were scattered remnants of older slope facets 

that may have been correlated with the older depositional 

landforms. On steep slopes a dominance of recent soils and 

yellow-brown earths indicated a history of frequent erosion. 

10 The lower mid-Cropp region, downstream of Tarkus Knob also 

had significant depositional landforms. On the north bank a 

high surface comprised moraine (10,250 years BP) and 

alluvial cones «1150 years BP) overlying moraine. Younger 

terraces were associated with tributary stream channels. On 

the south bank were a series of moderately sloping debris 

cones with distinctive vegetation and soil patterns caused 

by stream avulsion. Based on soil and vegetation 

characteristics most surfaces were younger than 1000 years 

BP, although the landforms may have been forming since 

10,000 years BP. 

11 Noisy Creek was a tributary basin where downcutting by ice 

and rivers had been slowed by resistant ultramafic rock at 

the basin outlet. This glacially excavated hanging valley 

had been infilled by alluvial and debris cones, alluvial 
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terraces, and lacustrine sediments. Stable base level and 

geomorphology suggested an area of relative stability. The 

hanging valley had been deglaciated since at least 7800 

years BP but few old soils remained in Noisy Creek. In the 

valley bottom all terraces post-dated relatively recent 

infilling of a lake. On hillslopes and debris cones a 

dominance of recent soils indicated frequent mass movement 

and fluvial erosion/deposition. 

12 The cirque at the head of Cropp River had been more recently 

deglaciated. The base of peat near the edge of the cirque 

was dated at 2400 years BP. The U-shaped valley was 'weakly 

modified by steeply sloping debris cones in footslopes. 

Soils were dominantly recent and commonly stratified. 

13 Selected chemical analyses of soils of the chronosequences 

on gentle and steep slopes were undertaken to confirm the 

interpretation of these sequences, and to document soil 

properties characteristic of this environment. Soils were 

analysed by techniques useful in evaluating relative soil 

development - pH (in water and NaF), acid ammonium oxalate 

extractable Fe, Al and Si, total element analysis, and 

particle size analysis. Eluvial-illuvial coefficients, 

calculated from total element analyses, indicated the losses 

and gains of major elements during soil development. 

Analyses indicative of soil nutrient status were undertaken 

for a few samples. 

14 Major trends noted with increasing soil age were: 

a) a decrease in surface horizon pH (H20); 

b) an initial increase in surface horizon concentrations of 

oxalate-extractable Fe and AI, followed by a decrease in 

surface horizon concentrations and concomitant increase 

in B horizon concentrations; 

c) increasing loss of total Ca, P, Fe and Al from surface 

horizons (shown both by total element concentrations and 

eluvial-illuvial coefficients). Total Si concentrations 

increased with time, although the eluvial-illuvial 
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coefficients indicated Si was also lost relative to Zr. 

d an overall decrease in % gravel and clay and 

proportionate increase in % silt and clay in surface 

horizons. 

Variations in soil chemistry related to parent material and 

topography were noted. 

15 Nutrient status was low in all soils examined, including 

recent soils. Base saturation and exchangeable cation 

concentrations were low with a predominance of exchangeable 

H and AI. Surface horizons had low concentrations of 

H2S04 - soluble P. 

16 Study of the plant communities associated with the soil 

chronosequences provided an understanding of plant 

succession following disturbance of vegetation by erosion. 

In the subalpine zone on gentle slopes that are well drained, 

early successional Chionoohlaa grassland developed to a 

mixed shrubland-grassland by 7000 years, and low 

scrub-forest by 10,000 years BP. On steep slopes 

successional low scrub developed to successional tall scrub 

by 140 years and mixed scrub-conifer forest within 1000 

years. 

17 The relationship between age, soil nutrient status and 

foliar element levels in some of the grassland communities 

was described. Quick Test values were low in soils ranging 

from 70 to 7000 years and in the parent material. Changes 

in shoot weight and composition were more closely-related to 

organic C, total Nand P-retention. 

18 Soil formation under high rainfall in Cropp basin was 

discussed and compared with results of previous studies in 

Westland. Soils were classified in three soil 

classification systems. 

19 Erosional history of Cropp basin was inferred from regional 

and local glacial history, age and stratigraphy of 

depositional surfaces, soil and vegetation distribution, and 
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contemporary forms of erosion. It was concluded from soil 

morphology that most soils on steep slopes ranged in age 

from tens to a few thousand years. Episodic and progressive 

erosional processes generally remove soils within 500 to 

1000 years. Evidence of contemporary erosion is widespread 

although largely concealed by dense vegetation. Natural 

revegetation of eroded sites is rapid despite low soil 

nutrient status. Obvious visual evidence of erosion is 

short-lived because of rapid revegetation and plant 

succession. 
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Stratigraphy for NZ 6347 

Location - base of hillslope directly behind Cropp Hut (fig. 

37) 

Relationship of sampling site to soil pit 

Steep hill slope under 
Dracophyllum longifolium
Coprosma pseudocuneata. 
scrub. Tree ring counts 
suggest age of 

140 years.",~V 

Sampling site~ ~ / 
-~\)m,\"'~ 

T2 AVALANCHE BEDROCK __ .--.;. __ o..E~R ~ __ _ 

ALLUV.IUM 

;' 

;' 

,/ 

,/ 
,/ 

/ 
,/ 

Stratigraphic information 

Depth (em) 
o .....,.:-r-r''''I''''T"'I ....... 

: : : ~: : : : ..... " . 
30 0": 

• • 0 

O~· 
·~6'-...--:- . .. ~. 
a .. ~o 
O.~C?o 
~c::> 
. '~'c::J 0.· . ·.oo<::? 
<?"'C? 
'c::::> 0 
'o2C .. ~ 
'0' P. ... ~ 
O~~ 
:0'(9 
.C:::::;;; ~ 
o~· 
°L'c:?~ '. o· 

~
~6 
0 ... 

B· . 
~~d 
~ • <:::? <:::::7. 
C)'o'Q 

2 0 0 . . <!::::::::1' 

sandy alluvium 

NZ 6347 « 250 years B.P.) 

mixed debris including tree trunks, 
sticks J twigs, boulders and stones 
in a sandy matrix - debris 
avalanche deposit 
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Stratigraphy forNZ 6318, 6319 

Location - base of Tarkus Knob (fig. 37) 

Relationship of sampling site to soil pit 

Steep hillslope under mixed 
O/Baria / Dracophyllum 

Sampl ing 
Site 

scrub with emergent 

Libocedrus bidwilli 

Stratigraphic information 

Depth (cm) 

o 
a 

weakly decomposed peat. 

years B. P. ) 
60 

weakly decomposed pea t. 

90 ~andy colluvium. becomes bouldery 
.. ',," with depth. :"':·2,(>i. : 

:.4 .,': . .. dark brown humose silt loam with sticks 
115 

135 

·-NZ6319 (1045:t 60 years B.P.) 

:.:.,' •• .4. 

" '3(" .. . . 
.c,. .... 

•• . .A.~ 
4· • .z::,. 

sandy colluvium including topsoil. 
fragments, becomes gravelly with depth. 

humose silt loam I horizontally bedded. 

bouldery alluvium. 
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Stratigraphy for NZ 6600 

Location - Hut flat debris cones (fig. 37) 

Stratigraphic information 

Depth (cm) 

0 

weak ly decomposed peat 

10 

dark grey s i l t loam 

20 
" 

gravelly sandy loam with twigs 

30 
NZ 6600 ( < 250 years B.P.) 

grave lly si l t loam, mottled and struc tured 

35 

stony gravelly colluvium 
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Stratigraphy for NZ 5249, 5250, 5365 

Location - Hut Flat, Deep Creek at confluence with Peat Creek 

(fig. 37) 

Relationship of sampling site- to soil pit 

--.-------------------------75m----------------------------~--

T2 

NZ5249X\ 
( 

T1 J 
Deep 

NZ5365 x Creek 
NZ5250 x------' 

Stratigraphic information 

-Depth I cm) --
-0 _nIIIB 

10bfu~m 

25 

80 

210~~ 

230 

245 

weakly decomposed fibrous peat. 

gravelly alluvium. 

laminated, weakly decomposed 
fibrous peat. 

NZ 5249 (291 ± 46 years B.P.) 
silty alluvium with twigs & sticks 

gravelly alluvium. 

laminated, weakly decomposed 
fibrous peat. 

gravelly alluvium. 

NZ 5365 (1285 ± 70 years B.P.) 
silty alluvium with twigs. 
weakly decomposed, fibrous peat 
with twigs ant! branches. 

265 /,;;.;;~t- NZ 5250 (1080 ± 60 years B.P.) 
gravelly alluvium, becomes bouldery 
with depth. 

Soil 
F2 

Note: discrepancy between stratigraphic relationships of NZ 5365 

and NZ 5250 and radiocarbon ages suggests relict wood for 

NZ 5365, or contamination of NZ 5250 with modern roots. 
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Stratigraphy for NZ 5252 

Location - Cropp River, 1.5 km from confluence with Whitcombe 

River; at base of even-aged stand of rata 

Stratigraphic information 

approxi ma tel y 

8 metres 

base 
obscured 

bouldery diamicton, boulders very angular 

and commonly fractured; sandy matrix in 

between boulders; lithologically uniform; 

abundant wood near base of exposure. 

Rock avalanche deposit. 

5252 (363:t 56 yea r s B. P. ) 
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Stratigraphy for NZ 5251 

Location - junction of Cropp River and Knob Creek 

Stratigraphic information 

II) 

01 
L. 
+-
01 
E 

U'l subangular boulders set in gravelly 
II) 
01 
L. ~ sandy matrix, abundant wood near 
+-
01 01 

base. E +-a 
E 

r-
)( 

0 
L. 
a. 

~ a. 
01 a .... 
a 
E 
x 
0 
L. 
a. 
a. 

(1120± 60 years B. P. ) a 

large boulders 
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Stratigraphy for NZ 6595, 6598 

Location - south west end of highest surface between Reckless 

Torrent and Snowy Stream (fig. 46) 

Stratigr?-pI:ic information, 

Oep th (cm) 

o 
weakly decomposed fibrous peat 

10 

grave lly , sandy alluvium; few sticks 

30 ~IM.L-NZ 6595 (1150 ± 60 years B.P.) 

20 weakly decomposed fibrous peat 

6 0 h-r-'-'-...-.-T-r-r-......-.-..........-i 
so.ndy alluvium 

'67 

weakly decomposed fibrous peat 

gravelly, sandy alluvium'; abundant wood 

90 F~~~!--NZ 6598 (2930 ± 70 years B.P) 

peaty loam 

115 
grey, sil t loam 

iron pan 

olive brown, gravelly sandy alluvium 

145 

olive grey, gravelly sandy alluvium 

160 

large boulders 
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Stratigraphy for NZ 6587 

Location - Cropp River-Reckless Torrent confluence, upper 

terrace on west side of Reckless Torrent (fig. 46) 

Stratigraphic information 

Depth (cm) 

201. 
22 

5 0 F"'-'-"""""""9'-llP'¥-l.l~~ 
52 I-:-ro-o..,.."..,,,..,..,,,,,,,,,,,"=,,.,...,.., 

. 58 i='-'=~~=~ 
62 

silty alluvium 

weakly decomposed J fibrous peat 

stony a lluvi urn 

w~akly decomposed fibrous peat 

ston ey alluvi um 

weakly decomposed fibrous peat 
silty alluvi um 

weakly decomp'osed fi brous peat 

NZ 6587 (1215:t55 years B.P) 

bouldery alluvium 

• 
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Stratigraphy for NZ 6588 

Location - Cropp River - Danger Gully confluence (fig. 37) 

Relationship of sampling site to soil pi~ 

15 metres -
T3 

Sampling site 

T1 

Cropp River 

stra tigraphi'c information 

Depth (cm) 

o ,....-------, 

->;-1't.~- ,j;", . 

-:.;i:. ;-';-~ _J-::-,.~~,j:;"} ::;;.=~ '-';;., .-t ,,-;;. ". 
15 ...... r ....... . 20 ...... 1.. ••••••• 

22 

4.4 

loamy peat 

sandy alluvium 
weak ly decomposed peat 

gravelly sandy alluvium 

humose silt loam. rare twigs 
NZ 6588 (1275 ± 45 years B.P.) 
sil t loam 

gravelly alluvium. become bouldery 

below 50 em 

-
Soil 

F3 
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Stratigraphy for NZ 6113, 6114 

Location - Cropp riverbed between Deep Creek and Danger Gully 

(fig. 37) 

Stratigraphic informatio~ 

Depth (cm) 

200 

220 

240 
245 

290 
300 

:::::~(::::::: ............... .............. . 

::::::::::.::. : ";:::::::::::::::: 

" 

bou lder y alluvium 

sandy alluvium; many plant fragments 

NZ 6113 (1700 ± 65 years B.P.) 
weakly decomposed fibrous peat 

silty, alluvium 

moderately decomposed fibrous peat 

bouldery alluvium 
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Stratigraphy for NZ 5367 

Location - eastern end of Tarkus Knob (fig. 37) 

Stratigraphic information 

Depth (em) 

o 

fibrous peat j weakly decomposed at top 

o 
-- ., to moderately decompos~d at base 

175 NZ 5367 (1750±45 years B.P) 

si lty gravel becomes more gravelly 

with depth 
P' , 

200 - ~. -~ 

large schist boulders I possibly bedrock 
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Stratigraphy for NZ 6317 

Location - top Cropp cirque, between Steep Creek and Cropp 

River (fig. 53) 

Stratigraphic information, 

Depth (cm) 
o r-== 

50~~~"":"":"':"';"""~ 

5 5 I-:-:-:--:-":"~~-:-:--:~ 

85 

90 

weakly decomposed fibrous pea t 

mixed peat and colluvium 

weakly decomposed fibrous pea t 

mixed peat and colluvium 

weakly decomposed fibrous peat 

N Z 6317 (2370 ±70 years B. P. ) 
sc hist bedrock 
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Stratigraphy for NZ 6341 

Location. - top of Tarkus Knob (fig. 37) 

Relationship of sampling site to soil pit 

5 metres - -
Sampling II· 

site 

Stratigraphic information 

Depth(cm) 

0.-----------. 

pea ty loam 

30 i')JI~, ... ~~f.I-_ ~r~~;~~ ~O;:~~Q~e60t~:sars B.P. J 

48 ~.:.;.;.;.;.; ...... ~:..:..;.;.;.o~ iron pan 
53 ol ive brown, sandy loam 

gravelly alluvium 

63 

stony all uvi urn 
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Stratigraphy for NZ 6348, 6585 

Location - Noisy Creek (fig. 48) 

Stratigraphic information 

-Depth (cm) 
o .,....,...,.,..-.".........,..,.."......,~....,....,., 

weakly decomposed fibrous peat 

100 ~~=~;t- NZ 6585 (4230 ± 80 years B.P.) 

450 

interlayered gravels and peat; 

complex stratigraphy, many layers 

discontinuous or of variable. thickness 

(layers derived from successive 

episodes of debris avalanching with 

peat formation in intervening periods) 

NZ 6348 (7780 ±110 years B.P.) 

angular, stony colluvium 



-418-

Stratigraphy for NZ 6115 

~ocation - alluvial cone T4 (fig. 37) 

Relationship of sampling site to soil pi~ 

5 metres --
~r-~~~ ____________________________ ~s~a:m~p~li~n:g~s~it~e_ 
Soil H_Ah - -----
F4 I I ----------- -- - - ___ ~h_W Soil F4p 

Stratigraphic information 

Depth (em) 

o 
"Om 

10 ~-------f 
semi-fiorous peat 

amorph ous peat 

silt loam with leaves 

lam ina ted, amorphous peat 

peaty loam 

90 ~~~~r--NZ6115 (7060:t 110 years B.P) 
stony alluvium 

incipient iron pan 

stony alluvium 

bouldery alluvium 
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Stratigraphy for NZ 5368, 5369 

Location - western end of Tarkus Knob, section exposed by 

Deep Creek (fig. 37) 

Stratigraphic information 

Depth (em) 

o .-----."....",......-y-~,..,..--, 

............... .............. . .............. . .............. . .............. . .............. . .............. . .............. . .............. . .............. . .............. . .............. . ......... , ..... .............. . .............. . .............. . .............. . .............. . 
• " •• ! •••••••••• .............. . 
• I ••••••••••••• .............. . .............. . 

160~ 162~ 
170~~~~~ 

180Imll;~ 

pe at y g ley pod Z 0 l so i l 

stony alluvium 

b lac k amorphous peat 
NZ 5369 (7380 ± 90 years B. P ) 
stony alluvium 
blae k amorphous peat 

NZ S3 68 (8390 ± 90 years B.P.) 

stony alluvium 
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Stratigraphy for NZ 6576 

Location - Cropp River, north bank opposite Steadman Creek 

(fig. 46) 

Relationship of sampling site to other l4c samples .. 

50 metres 

NZ 6595 

NZ6598 

-

---

Stratigraphic information 

Depth 

30-4-0 
me tres 

.. 

f 
30 - 4-0 metres 

Cropp River 

NZ 6576 ----- - ~ 

poorly exposed, most of exposure 

covered in vegetation. 

compact till; subrounded to subangular stones 

and boulders in sandy matrix, many large 

boulders (up to 10x10x7 metres) especially 

near surface; rare boulders with striations; 

abundant rotten wood near base of exposure 

years B. P. ) 

alluvium (?) 
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APPENDIX 2: DESCRIPTIONS AND PHOTOGRAPHS OF SAMPLED SOILS. 

Horizons are designated using the notation of Hodgson (1976) 

and Avery (1980) which is summarised below. 

L, F, H Fresh, partly decomposed and well decomposed litter. 

0 

Of 

Om 

°h 
Ah 

Eag 

Bf 
Bg 

Bs 

BC 

Cu 

Cg 

R 

Seldom saturated with water for more than a month at 

a time. 

Peaty horizons accumulated under wet conditions. 

fibrous peat 

semi-fibrous peat 

amorphous peat 

Surface accumulation of humified organic matter in 

uncultivated soils. 

E horizon with dominant chroma of 2 or less, and few 

or no ferruginous mottles. 

Thin « 0.5 cm) iron pan. 

B horizon with dominant colours attributable to 

alteration of original material by reduction. 

B horizon characterised by enrichment in 

sesquioxides (aluminium and iron) as a result of 

translocation or in situ weathering. 

B horizon that shows evidence of alteration but does 

not qualify as a Bf , Bg , Bs or Bt horizon. 

Hori~on transitional in character between a B and a 

C horizon. 

Unconsolidated or weakly consolidated mineral 

horizon without evidence of strong gleying, 

accumulation of carbonates or soluble salts, or 

fragipan properties. 

C horizon with dominant greyish colours attributable 

to reduction. 

Continuous, indura.ted rock that is too hard to dig 

with a spade when moist. 

Locations of sampled soils are shown on Fig. 37. 
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Soil profile - F1 

Site description 

Location - lowest terrace (Tl) on north side of Cropp River 

at Hut Flat 

Elevation - 866 m 

Topography 

Landform - flat terrace 

Slope angle - 1:0 

profile - linear 

contour - linear 

Aspect -

Parent material - fine schist alluvium over coarse_alluvium 

Vegetation - sera1 Chionoohloa ~ub~a-C. pallens grassland 

Age - <70 years 

Soil profile system 

Texture profile form 

Skeletal - duplex positive (non-skeletal on very skeletal) 

Fine earth - gradational negative (sandy loam on sand) 

,-, Structure profile form - subpedal 

Redox profile form - raw unoxidised 

Soil horizon sequence/thickness 

Horizon I ~j I Cu 2Cu 
Thickness (em) I 2 I 8(5-10) 60+ 





L 1-0 cm 

~ 0-2 em 
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tussock litter 

dark reddish brown (5YR 3/2); humose sandy 

loam; very wea.k fine and very fine granular 

structure; moderately weak; 

slightly plastic; non-sticky; 

deformable; 

abundant 

fine and very fine roots; clear smooth 

boundary to 

Cu 2-10(7-12) cm very dark greyish brown (2.5Y 3/2); sandy 

loam; single grain structure; very weak; 

semi-deformable; slightly plastic; non

sticky; many fine and very fine roots; 

clear wavy boundary to 

2Cu 10-70+ cm lithochromic; bouldery very stony gravelly 

sand (clasts slightly weathered); single 

grain structure; loose; non-plastic; non

sticky; few fine roots to 40 cm 
/ 
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Soil profile - F2 

Site description 

Location - youngest gently sloping alluvial cone (T2) on 

north side of Cropp River at Hut Flat. 

Elevation - 868 m 

Topography 

Aspect -

Landform - distal part of gently sloping alluvial cone 

Slope angle - 3° 

profile - linear 

contour - convex 

Parent material - fine schist alluvium over coarse schist 

alluvium 

Vegetation - tall ChionoahZoa pubpa grassland with 

occasional C. paZZens 

Age - c. 200 years 

Soil profile system 

Texture profile form 
a.., 

Skeletal - grad~tional positive (slightly to very skeletal) 

Fine earth - gradational negative (silt loam tQ sand) 

Structure profile form - epipedal (granular on single grain) 

, Redox profile form - middle mottled 

Soil horizon sequence/thickness 

Horizon I An I 2Cg 2Cu 
Thickness (cm) I 10 I 15 75+ 





L 2-0 cm 

0-10 cm 

2Cg 10-25 cm 

2Cu 25-100+ cm 
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tussock litter 

dark greyish brown (10YR 4/2); slightly 

gravelly silt loam (clasts slightly 

weathered); weak medium and fine granular 

structure; very weak; semi-deformable; 

moderately plastic; slightly sticky; many 

fine and very fine roots; clear wavy 

boundary to 

olive (5Y 4/3) with few, distinct, coarse, 

dark grey (5Y 4/1) mottles (developed over 

large boulders); moderately stony gravelly 

sandy loam (clasts slightly weathered); 

single grain structure; very weak; semi

deformable; slightly plastic; slightly 

sticky: common fine and very fine roots: 

clear smooth boundary to 

1ithochromic; bou1dery very stony gravelly 

sand (clasts slightly weathered); single 

grain structure: loose: non-plastic: non

sticky 
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Soil profile - F3 

Site description 

Location - terrace (T3) on east side of Danger Gully 

Elevation - 885 m 

Topography 

Aspect - S 

Landform - distal part of gently sloping terrace 

Slope angle - 9° 

profile - linear 

contour - slightly convex 

Parent material - fine schist alluvium over coarse schist 

alluvium 

Vegetation - mosaic of Chionoehtoa pubpa-C. pattens grassland 

and Dpaeophyttum uniftopum scrub 

Age - >1275 years 

Soil profile system 

Texture profile form 

Skeletal - gradational positive (non-ske1eta1-tb very 

skeletal) --

Fine earth - gradational negative (silt loam to sandy loam) 

Structure profile form-- epipedal (granular on single grain) 

Redox profile form - middle reduced 

Soil horizon sequence/thickness 

I Horizon 

.~~ I Thickness ( cm) I 12 I 8 I 1 I 29 20+ 



·2 



L 2-0 cm 

~ 0-12 cm 

E . 12-20 cm ag] 

20-21 cm 

21-50 cm 

2Cu 50-70+ cm 
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tussock litter 

very dark greyish brown (lOYR 3/2): humose 

silt loam: weak medium and fine granular 

structure: moderately weak: semi

deformable: slightly plastic: non-sticky: 

many fine and very fine roots: abrupt 

smooth boundary to 

grey (N 5/0) with few distinct fine red 

(2.5YR 4/6) mottles (weathered gravels); 

slightly gravelly silt loam (clasts 

slightly to moderately weathered); weak 

fine and medium angular blocky structure; 

moderately weak; semi-deformable; slightly 

plastic; slightly 'sticky; common fine and 

very fine roots; sharp smooth boundary to 

red (2.5YR 4/6); moderately gravelly sandy 

loam (clasts slightly weathered); single 

grain structure; moderately weak; semi

deformable; non-plastic: non-sticky: 

common fine and very fine roots: abrupt 

smooth boundary to 

olive (5Y 4/3): moderately gravelly sandy 

loam (clasts slightly weathered); single 

grain structure: very weak: semi

deformable: non-plastic; non-sticky: few 

fine and very fine roots; clear wavy 

boundary to 

lithochromic; bouldery very stony gravelly 

sandy loam (clasts slightly weathered); 

single grain structure; loose: non

plastic; non-sticky 
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Soil profile - F4 

Site description 

Location - prominent alluvial cone (T4) between Danger Gully 

and Deep Creek 

Elevation - 895 m 

Topography 

Aspect - SSE 

Landform - distal part of gently sloping alluvial cone 

Slope angle - 8° 

profile - slightly concave 

contour - convex 

Parent material - fine schist alluvium(?} over coarse schist 

alluvium 

vegetation - ChionoahZoa pubpa grassland with common 

DpaaophyZZum unifZopum and diverse mixture of 

associated herbs and small shrubs 

Age - c. 7000 years 

Soil profile system 

Texture profile form 

Skeletal - gradational positive (non-skeletal to very 

skeletal) 

Fine earth - duplex negative (silt loam on sandy loam) 

--- Structure profile form - bipedal (granular on blocky) 

Redox profile form - middle reduced 

Soil horizon sequence/thickness 

I Horizon 
:-"'".1 

--! I Thicknes s (cm) I 10 I 5 5 I 0.2 I 1.8 I 13 I 80+ I 





L/H 4-0 cm 

0-10 cm 

Eagl 10-15 cm 

Eag2 15-20 cm 
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tussock litter (fresh and decomposing) 

grey (SY 5/1); pumose silt loam; weak fine 

and medium granular structure; moderately weak; 

semi·-deformable; slightly plastic; non-sticky; 

many fine and medium roots; clear smooth 

boundary to 

dark grey (N 4/0) with few, distinct, fine 

reddish brown mottles; slightl~ gravelly . ......,. ~. 

silt loam (clasts highly weathered except for 

quartz fragments); weak fine5~ medium 

angular blocky structure; moP~rately firm; 

deformable; moderately plastic; non-sticky; 

many fine and medium roots; clear smooth 

boundary to 

dark grey (N 5/0) with few, distinct fine, 

red mottles (weauhered gravel); moderately 

gravelly silt lCSWtf?ri(clasts slightly to 

moderately weathered); weak medium and fine 

angular blocky structure; moderately weak; 

semi-deformable; slightly plastic; non

sticky; few fine roots; sharp smooth 

boundary to 

Bf 20-20.2 cm thin dark reddish brown iron pan; 

discontinuous around stones; sharp boundary 

to 

2Bs 20.2-22 cm olive brown (2.SY 4/4); slightly gravelly 

sandy loam (clasts slightly weathered); single 

grain structure; loose; non-plastic; non

sticky, few fine roots; abrupt smooth boundary 

to 
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2C 22-35 cm dark olive (5Y 3/2); moderately gravelly sandy 
u 

loam (clasts slightly to moderately weathered); 

single grain structure; loose; non-plastic; 

non-sticky; few fine roots; clear smooth 

boundary to 

3Cu 35-115+ cm as above but very bou1dery 
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Soil profile - F4p 

Site description 

T.,ocation - prominent high alluvial cone (T4) between Danger 

Gully and Deep Creek 

Elevation - 894 m Aspect - SSE 

Topography 

Landform - distal part of gently sloping alluvial cone 

Slope angle - 6° 

profile - slightly concave 

contour - concave 

Parent material - schist alluvium 

Vegetation - Chionoehl,oa r'ubr'a grassland with cOnJrnon 

Dr'aeophyl,l,um unifl,or'um and diverse m~xture of 

associated herbs and small shrubs 

Age - c. 7000 years 

Soil profile system 

Texture profile form 

Skeletal -

Fine earth - organic 

Structure profile form - subpedal 

Redox profile form - reduced 

Soil horizon sequence/thickness 

Horizon I Om I 0h2 
Thickness (ern) 1 10 1. 10 1 59 10 10 0.2 19.8 30+ 





L 3-0 cm 

0-10 cm 

0h1 10-20 cm 

Cu 20-21 cm 

~2 21-80 cm 

~3 80-90 cm 
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tussock litter 

very dark grey (10YR 3/1); peat; weak 

fine a.nd medium gran.ular structure; very 

weak; semi-deformable; slightly plastic; 

non-sticky; many fine and medium roots; 

sharp smooth boundary to 

ver~ dark greyish brown (10YR 3/2); peat; 

wea~ fine and medium granular,structure; 

very, weak; semi-deformab1e'-~li9htlY 
plastic; non-sticky; many 'be and medium 

roots; sharp smooth boundary' to 

dark greyish browrt;:(2.5Y 4/2); silt loam . . 
with weakly decOrtlposed leaves at base; 

single grain stt"uctuZ;,e:. very weak; semi-
.~ I ~ 

, l·.,j 
deformable; I 'slightly plastic; non sticky; 

,~ 

many fine aQd rnediwn roots; sharp smooth 

boundary to, 

~~ry'dark greyish brown (10YR 3/2) with 

~e~y,dark grey (10YR 3/1) layers; peat; 

!aminated structure; 'mo~erately weak; 

serni"";deformable; Sli9hij;lfy pl.astic; ,tt 
slightly sticky; many,W",' e roots at top 

but few below 50 cm; clear smooth boundary 

to 

very dark grey (10YR 3/1); peaty loam; 

single grain structure; moderately firm; 

semi-deformable; moderately plastic; 

moderately sticky; few fine roots; abrupt 

wavy boundary to 



2Cul 90-100 cm 
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lithochromic~ very stony gravelly sandy 

loam (clasts slightly to moderately 

weathered)~ single grain structure~ very 

weak~ semi-deformable~ non-plastic~ non

sticky~ sharp wavy boundary to 

2Cfj 100-100.2 cm thin, discontinuous iron pan 

2Cu2 100.2-120 cm olive (5Y 4/4) plus lithochromic~ very 

stony gravelly sandy loam (clasts slightly 

weathered)~ single grain stt'ucture~ very 

weak~ semi-deformable~ non-plastic~ non

sticky~ clear smooth boundary to 

2CU3 120-150+ cm lithochromic~ very stony gravelly sandy 

loam (clasts slightly weathered), becomes 

bouldery with depth~ single grain 

structure~ very weak~ semi-deformable~ 

non-plastic1 non-sticky 
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Soil profile - F5 

Site description 

Location - small terrace(?) remnant above apex of T4 

Elevation - 915 m 

Topography 

Landform - summit of terrace remnant 

Slope angle - 4° 

profile - slightly concave 

contour - slightly convex 

Aspect - SE 

Parent material - fine schist alluvium(?) over coarse schist 

alluvium 

Vegetation - low, mixed shrubland (D~aoophyttum unifto~um/ 

Podooa~pus nivatis) with scattered low 

Chionoohtoa patLBns in openings 

Age - 7-10,000 years 

Soil profile system 

Texture profile form 

Skeletal - gradational positive (non-skeletal to very 

skeletal) 

Fine earth - duplex negative (silt loam on sandy loam) 

Structure profile form- bipedal (granular on blocky) 

Redox profile form - middle reduced 

Soil horizon sequence/thickness 

Horizon I ~ I Eagl 
Thickness (cm) 1 8 I 10 9 .3 24. 7 I 50+ I 





L/H 2-0 cm 

0-8 cm 

Eagl 8-18 cm 

Eag2 18-27 cm 

27-27.3 cm 

2Bs 27.3-52 cm 

2C u 52-102+ cm 

-436-

tussock litter (fresh and decomposing) 

very dark grey (5YR 3/1); humose silt 

loam; moderate fine granular structure; 

very weak; semi-deformable; moderately 

plastic; slightly sticky; abundant fine 

and medium roots; clear smooth boundary to 

grey (N 5/0); silt loam with rare quartz 

gravel; weak medium angular blocky 

structure; moderately firm; deformable; 

moderately plastic; slightly sticky; 

common fine and medium roots; clear smooth 

boundary to . : 
\ . 
,: 

bluish grey (SB 5/1); mode~ately gravelly 

s il t loam (clasts moderately/" to highly 

weathered); weak medium angular blocky 

structure; mod~:rately weak; deformable; 

slightly plastic; . non-sticky; few fine 

roots; sharp wavy boundary to 

----..,., 
thin dark re"ddish brown (2,. 5YR 3/4) iron 

pan; discontinuous arou~ stones; sharp 

boundary to 

"' olive brown (2.SY 4/4) plus lithochromic; 

very stony gravelly sandy loam with 

boulders (clasts slightly to moderately 

weathered); single grain structure; very 

weak; semi-deformable; non-plastic; non

sticky; gradual smooth boundary to 

lithochromic; very stony gravelly loamy 

sand with boulders (clasts slightly 

weathered); single grain structure; 

loose; non-plastic, non-sticky 
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Soil profile - F6 

Site description 

Location - bedrock bench at similar height to Tarkus Knob; 

adjacent to Danger Gully 

Elevation - 950 m 

Topography 

Aspect - E 

Landform - gently to moderately sloping shoulder of bedrock 

bench 

Slope angle - 12° 

profile - convex 

contour - convex 

Parent material - psarnmitic schist 

Vegetation - mixed open shrubland {D~aaophyZZum unifZo~um, 

D. ZongifoZium, PhyZZoaZadus aZpinus, Cop~osma 

pseudoauneata} with Podoaa~pus nivaZis and 

ChionoahZoa ~ub~a in openings 

Age - 7-10,000 years 

Soil profile system 

Texture profile form 

Skeletal - gradational positive (non-skelet.a~to moderately 

skeletal) 
."~, ... , 

Fine earth - duplex negative (silt loam on sandy loam) 

Structure profile form - bipedal (granular on :blocky) 

Redox profile form - middle reduced 

Soil horizon sequence/thickness 

Horizon I ~ I Eag I 2Eag I 2Bs I 2Cu I R I 
Thickness (cm) I 2.5 I 4 I 6.5 I 24 I 58 I 20+ I 





L 2-0 cm 

0-2.5 cm 

Eag 2.5-6.5 cm 

2Eag 6.5-13 cm 

2Bs 13-37 cm 

2Cu 37-95 cm 

R 95-115+ cm 
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tussock litter 

very dusky red (2.5YR 2.5/2); humose silt 

loam; moderate fine granular structure; 

very weak; semi-deformable; slightly 

plastic; slightly sticky; many fine and 

medium roots; abrupt smooth boundary to 

grey (N 5/0); slightly gravelly silt loam 

(clasts highly weathered); weak fine and 

medium angular blocky stucture; deformable; 

moderately plastic; non-sticky; many fine 

and medium roots; gradual smooth boundary 

to 

grey (5Y 5/1) with few, distinct, fine 

reddish brown mottles (weathered gravels); 

moderately stony silt loam (clasts slightly 

to moderately weathered); weak fine and 

medium angular blocky structure; moderately 

weak; deformable; moderately plastic; 

non-sticky; common fine roots; clear wavy 

boundary to 

light olive brown (2.5Y 4/4) and· 

lithochromic; moderately stony sandy loam 

(clasts slightly to moderately weathered); 

single grain structure; very weak; semi

deformable; slightly plastic; non-sticky; 

few fine roots; gradual smooth boundary to 

lithochromic with dark yellowish-brown 

(lOYR 3/4) ; highly weathered schist with 

interstitial silt loam; single grain 

structure; loose; non-plastic; non-

sticky; gradual boundary to 

fractured schist 
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Soil profile - F7 

Site description 

La-cation - alluvial cone on .. {estern end of Tark.us Knob 

Elevation - 960 m 

Topography 

Aspect - SE 

Landform - distal part of gently sloping alluvial cone 

Slope angle - 4° 

profile - slightly concave 

contour - slightly concave 

Parent material - fine schist alluvium over coar.e alluvium 

Vegetation - ChionoahZoa ~ub~a-cushion bog grassland 

Age - c. 2500 y~';'~s 

Soit p~ofite 8Y8tem 

Texture profile form 

Skeletal - uniform (slightly skeletal) 

Fine earth - duplex negative (silt loam on sandy loam) 

Structure profile form - bipedal (granular on blocky) 

, Redox profile form - middle reduced; also bottom reduced due 

to layering in parent material 

Soil horizon sequence/thickness 

I Horizon I 0h I ~ I Eagl 
I Thickness (em) I 20 I 10 I 5 8 I 0.3 I 5.7 I 12 I 11 I 9 I 50+ I 





20-0 cm 

0-10 cm 

Eagl 10-15 cm 

Eag2 15-23 cm 

23-23.3 em 

23.3-29 cm 
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very dark greyish brown (lOYR 3/2); loamy 

peat; weak fine and medium granular 

structure; very weak; slightly fluid; 

slightly plastic; moderately sticky; many 

fine and medium roots; clear smooth 

boundary to 

very dark greyish brown (2.sy 3/2); peaty 

loam; weak fine and medium granular 

structure; very weak; deformable; 

slightly plastic; slightly sticky; many 

fine and medium roots; clear smooth 

boundary to 
.' r {' --'---'i"<*'-' ~ ~ ' .. " '.-~,,"-.. ~ ..... ~---: ... '.---

dark greenish g~y (sG 4/1 )'J-'With common, 

distinct, fine, light brown mottles; 

slightly stony silt loam (clasts highly 

weathered); weak fine and medium 

subangular blocky structure: ·moderately 

weak; deformable; moderately plastic; 

moderately sticky; few fine roots; clear 

smooth boundary to 

grey (N 5/0) with common, distinct, fine 

brown mottles; slightly stony silt loam 

(clasts highly weathered); weak coarse and 

medium angular blocky structure; moderately 

firm; deformable; moderately plastic; 

slightly sticky; few fine roots; sharp 

wavy boundary to 

thin continuous iron pan; dark reddish 

brown (2.sYR 3/4); sharp boundary to 

olive brown (2.sy 4/4); slightly gravelly 

sandy loam (clasts moderately to highly 

weathered); weak coarse angular blocky 
structure; moderately weak; semi-



C 
u 

29-41 cm 

2C 41-52 cm g 

3Cu 52-61 cm 

3Cg 61-111+ cm 
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deformable: slightly plastic; slightly 

sticky; clear, smooth boundary to 

olive grey (5Y 4/2): slightly gravelly 

sandy loam (clasts slightly weathered): 

single grain structure: very weak: semi 

deformable: non-plastic; non-sticky; 

clear, smooth boundary to 

dark grey (N 4/0): moderately gravelly 

sandy loam (clasts slightly weathered): 

single grain structure: very weak; semi

deformable; non-plastic; non-sticky; 

sharp, wavy boundary, marked by 

discontinuous iron pan, to 

lithochromic1 very stony gravelly sandy 

loam (clasts slightly weathered): single 

grain structure; loose: non-plastic: non

sticky: abrupt, clear boundary to 

greenish grey (5GY 4/1) plus lithochromic; 

very stony gravelly sandy loam (clasts 

slightly weathered) with boulders; very 

compact in place, single grain structure: 

loose; non-plastic; non-sticky 
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Soil profile - S1 

Site description 

Location - debris avalanche near Whinging Creek 

Elevation - 910 m Aspect - N 

Topography 

Landform - steep hillslope 

Slope angle - 30 0 

profile - backs lope 

contour - sideslope 

Parent material - schist colluvium 

Vegetation - open, low (1-2 m) seral Dpacophyttum Zongifotium 

-Oteapia cotensoi scrub 

Age - 40 years 

Soil profile system 

Texture profile form 

Skeletal - uniform (moderately skeletal) 

Fine earth - uniform (sandy loam) 

Structure Frofile form - subpedal 

Redox profile form - raw unoxidised 

Soil horizon sequence/thickness 

Horizon I L I Cu I 
Thickness (cm) I 2 I 50+ I 



L 2-0 cm 

0-50 cm 
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litter 

lithochromic~ moderately stony gravelly 

sandy loam (clasts slightly weathered)~ 

single grain structure~ loose~ non

plastic~ non-sticky 
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Soil profile - S2 

Site description 

Location - ne:ar base of debris avalanche behind Cropp Hut 

Elevation - 885 m Aspect - N 

Topography 

Landform - steep hillslope 

Slope angle - 29° 

profile - foots lope 

contour - sideslope 

Parent material - fine schist colluvium over coarse colluvium 

Vegetation - tall (4-6 m) seral DpacophyLLum ZongifoZium

Copposma pseudocuneata scrub 

Age - 140 years 

Soil profile system 

Texture profile form 

Skeletal - gradational positive (slightly to moderately 

skel~tal) 

Fine earth - uniform (sandy loam) 

Structure profile form - subpedal 

Redox profile form - raw unoxidised 

Soil horizon sequence/thickness 

Horizon I H I Cu I 2Cu 
Thickness (cm) I 5 I 65 I 35+ 





L 8-5 cm 

H 5-0 cm 

0-65 cm 

2Cu 65-100+ cm 
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Dpaaophyllum litter 

dark reddish brown (5YR 2.5/2): loamy 

peat; weak medium and fine granular 

structure; 

deformable; 

moderately weak; semi

slightly ,plastic: non-sticky; 
\.- -"-. 

many fine and medium 

boundary to 
r~Cl)ts; :,?~:'':lPt smooth 

. ~. F' 

"-da~k olive grey (5Y 3/2); s~tly stony 

sandy loam (clasts SlightlY~We~:hered): 

single grain structure; moderately weak; 

semi-deformable; non-plastic; non-sticky; 

few fine and rried . .i:'i~ roots ; gr,a.~al smooth 
.... 

boundary to ., 
~--.. -::--..... ~-.. ,...: .,- - '-.~: ... -,.-.:. 

- .. .r . . .. ~ .~ - -.. j" ........ :;: &~ .:~ ~,' .:' .. :-~;;; ~ -

lithoch+,omiC'f:"-moderately stony loamy sand 

(clasts sl'ight"lY-'weather'ed}'1'-'-e-i:ngle grain 

structure; loose; non-plastiaf~on-sticky 

1 

j 
.''<; 
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Soil profile - S3u 

Site description 

Location - riser between T2 and T4 

Elevation - 875 m 

Topography 

Landform - steeply sloping riser 

Slope angle - 50 0 

profile - upper backs lope 

contour - sideslope 

Aspect - ESE 

Parent material - schist colluvium derived from alluvium 

Vegetation - tall, mixed scrub with frequent Cop~o8ma 

Age -

p8eudo~uneata and emergent 

D~a~ophyZZum Zongifotium 

500-)000 years " 
.~ 

Soil profile system --i~-,.L, 

Texture profile form 

OZea~ia Za~uno8a and 

Skeletal - gradational positive (non-skeletal to very 

skeletal) 

Fine earth - gradational negative (silt loam to loamy sand) 

Structure profile form - isopedal (blocky) 

Redox profile form - oxidised 

Soil horizon sequence/thickness 

Horizon I ~ I Bw I 2BC 2Cu 
Thickness (cm) I 7 I 27 I 22 50+ 





L/H 3-0 cm 

0-7 cm 

7-34 cm 

2BC 34-56 cm 

2Cu 56-106+ cm 

-447-

fresh and decomposing litter 

dark reddish brown (2.5YR 2.5/2); humose 

silt loam; weak medium and fine angUlar 

blocky with fine subangular blocky 

structure; very weak; deformable; 

moderately plastic; slightly sticky; many 

fine and medium roots; abrupt wavy 

boundary to 

light olive brown (2.5Y 5/6); slightly 

stony gravelly silt loam (clasts slightly 

to moderately weathered); weak coarse 

angular blocky structure; moderately weak; 

deformable; moderately plastic; slightly 

sticky; common fine and medium roots; 

clear smooth boundary to 

lithochromic and olive (5Y 4/3) with 

distinct dark brown organic matter staining 

on ped faces; very stony gravelly sandy 

loam with boulders (clasts slightly to 

moderately weathered); single grain 

structure; loose; non~plastic; non

sticky; few fine roots; gradual smooth 

boundary to 

lithochromic; very stony gravelly loamy 

sand with boulders (clasts slightly 

weathered); single grain structure; loose; 

non-plastic; non-sticky 



-448-

Soil profile - S3
l 

Site description 

Location - riser between T2 and T4 

Elevation - 870 m 

Topography 

Landform - steeply sloping riser 

Slope angle - 37° 

profile - lower backs lope 

contour - sideslope 

Aspect - ESE 

Parent material - schist colluvium derived from alluvium 

Vegetation - tall mixed scrub with frequent Copposma 

pseudoauneata and emergent Oteapia taaunosa and 

Dpaaophyttum tongifotium 

Age - 500-1000 years 

Soil profile system 

Texture profile form 

Skeletal - gradational positive (non-skeletal to very 

skeletal) 

Fine earth - gradational negative (silt loam to sandy loam) 

Structure profile form - isopedal (blocky) 

Redox profile form - oxidised 

Soil horizon sequence/thickness 

Horizon I ~ I Bw I 2BC 2Cu 
Thickness (em) I 10 I 20 I 50 40+ 





L/H 2-0 cm 

0-10 cm 

10-30 cm 

2BC 30-80 cm 

2Cu 80-120+ cm 

-449-

fresh and decomposing litter 

dark reddish brown (5YR 2.5/2); humose 

silt loam; wea]c medium and fine angular 

blocky structure; moderately weak; 

deformable; moderately plastic; slightly 

sticky; abundant fine and medium roots; 

clear smooth boundary to 

oli ve browji:-'105:r4f~)T ;o.'J:~Ji- J.tli indistinct, 

fine, grey mottles near boundary with Ah , 

distinct brown organic matter staining on 

ped faces; slightly stony gravelly silt 

loam (clastss'lightly to modetately 
.<."',c, .. ,.'. • 'cO(; 

weathered); weak and medium and coarse 
f"',"'" 1~.·~;~: .. 

angular blocky slructure; moaerately weak;. 

de~ormable; moderately .~~~~~;*;: slightly 
st~cky; common fine and med~um roots; 

- ---.. -~~-. 
clear smooth' boundary to"~ MIlh

c 

li:thochromic and oli ve brow~~'5Y 4/3) 

with prominent dark brown o:f=lc matter 

sJa'ining on ped faces; v~" ny gravelly 

STdY loam with boulders (clasts slightly 

weathered); weak coarse angular blocky 

structure; very weak; semi-deformable; 

non-plastic; non-sticky; few medium and 

coarse roots; gradual smooth boundary to 

lithochromic; very stony sandy loam with 

boulders (clasts slightly weathered); 

single grain strucuture; loose; non

plastic; non-sticky 



-450-

Soil profile - S4 

Site description 

Location - Sl~ si.de of Tarkus Knob, overlooking Hut Flat: 

near base of long hillslope 

Elevation - 890 m 

Topography 

Landform - steep hills lope 

Slope angle - 44° 

profile - lower backslope 

contour - sides lope 

Parent material - schist colluvium 

Aspect - SSE 

Vegetation - tall (2-5 m) mixed scrub with frequent Oleapia 

colensoi and occasional emergent Libocedpus 

bidlJillii 

Age - c. 1000 years 

Soil profile system 

Texture profile form 

Skeletal - gradational positive (non-skeletal to very 

skeletal) 

Fine earth - gradational negative (silt loam to sandy loam) 

Struxture profile form - bipedal (granular on blocky) 

Redox profile form - middle reduced 

Soil horizon sequence/thickness 

Horizon I ~ I Eagj 
Thickness (cm) I 3 I 9 (5-12) 65 38 I 30+ I 





L/H 5-0 cm 

0-3 cm 

-451-

fresh and decomposing litter 

dark reddish brown (5YR 2.5/2); humose 

silt loam; weak fine and medium granular 

structure; very weak; slightly fluid: 

slightly plastic: non-sti~ky: abundant 

fine and medium roots: a 

b.oundary to 

t smooth 

Eagj 3-12(8-15) cm dark greyish brown (2.5Y 

distinct, fine, reddish b 

with few 

mottles: 

clasts 

12-77 cm 

2BC 77-115 cm 

slightly gravelly 

moderately ly weather~d): weak fine 

and medium "blocky str~cture: 
'rl. 

moderately ~";;;semi-deform'~ble; 
,,< 

moderately plastic: slightly sticky: many 

fine, medium and few coarse roots: clear 
d 

wavy boundary to 

,.} 

olive brown (2.5Y 4/4) with'prominent dark 
.. ~ .. 

brown organic matter staini1F.:."~ on ped faces; 

slightly stony gravelly sili;Jloam (clasts 

moderately to highly weather~tl): moderate 

medium and coarse angular blocky structure; 

moderately weak: semi-deformable; 

moderately plastic: slightly sticky: few 

fine and medium roots; gradual smooth 

boundary to 

lithochromic and olive (5Y 4/3): moderately 

stony gravelly sandy loam (clasts slightly 

to moderately weathered); weak medium and 

coarse angular blocky structure: very 

weak: semi-deformable; slightly plastic: 

slightly sticky: few fine, medium and 

coarse roots: gradual smooth boundary to 



2Cu 115-145+ cm 

-452-

lithochromic, very stony gravelly sandy 

loam (clasts slightly weathered); single 

grain structure; loose; non-plastic; non

sticky 



-453-

Soil profile - S5u 

Site description 

Location - riser between T4 and T5 

Elevation - 910 m 

Topography 

Landform - steeply sloping riser 

Slope angle - 45° 

profile - upper backslope 

contour - sides lope 

Aspect - ESE 

Parent material - colluvium derived from schist alluvium 

Vegetation - tall mixed scrub with Coppomsa pseudoeuneata

Apehepia tpavepsii canopy and emergent 

Dpaeophyl lum lo-ng.£!Q~ium~ D. tpavepsii and 

Liboeedpus bid~itZii 

Age - >7000 years 

SoiZ p~ofiZe system 

Texture profile form 

Skeletal - gradational positive (non-skeletal to very 

skeletal) 

Fine earth - gradational negative (silt loam to sandy loam) 

Struxture profile form - isopedal (blocky) 

Redox profile form - oxidised 

Soil horizon sequence/thickness 

Horizon I ~ I Bs 

Thickness (em) I 10 I 48 35 I 7 I 20 I 30+ I 





L 3-0 cm 

0-10 cm 

-454-

fresh litter 

dark reddish brown (5YR 2.5/2); humose silt 

loam; weak medium and fine angular blocky 

structure; very weak; deformable; very 

plastic; moderately sticky; many fine and 

medium roots; gradual wavy boundary to 

BS 10-58 cm yellowish brown (lOYR 5/4) with d~stinct dark 

2BC 58-93 cm 

" 

brown organic matter staining on ped faces; 

slightly stony silt loam (clasts highly 

weathered); weak medium and coarse angular 

blocky structure;'·--~4dira'telY weak; deformable; 

moderately plastic; slightly sticky; few fine 

and medium roots: gradual smooth boundary to 

olive (5Y 4/4); moderately stony sandy loam 

(clasts moderately to highly weathered): weak 

coarse angular blocky structure: moderately 

weak: deformable; moderately plastic; 

slightly sticky; few fine and medium roots: 

gradual smooth boundary to 

2Cu 93-100 cm lithochromic; moderately stony gravelly sandy 

loam (clasts slightly weathered); single grain 

structure; loose; non-plastic; non-sticky; 

clear smooth boundary to 

3Cu 100-120 cm olive grey (5Y 4/2); loamy sand; single 

grain structure; loose; non-plastic; non

sticky; clear smooth boundary to 



-455-

4Cu 120-150+ cm lithochromic; very stony gravelly sandy loam 

(clasts slightly weathered); single grain 

structure; loose; non-plastic; non-sticky 



-456-

Soil profile - S51 

Site description 

Location - riser between T4 and T5 

Elevation - 905 m 

Topography 

Landform - steeply sloping riser 

Slope angle - 38° 

profile - lower backs lope 

contour - sideslope 

Aspect - ESE 

Parent material - schist colluvium derived from alluvium 

Vegetation - tall mixed scrub with Cop~osma pseudoauneata

A~ahe~ia t~ave~sii canopy and emergent 

D~aaophyttum tongifotium, D. t~ave~sii and 

Liboaed~us bid~ittii 

Age - >7000 years 

Soil profile system 

Texture profile form 

Skeletal - gradational positive (non-skeletal to very 

skeletal) 

Fine earth - gradational negative (silt loam to sandy loam) 

Structure profile form - bipedal (granular on angular blocky) 

Redox profile form - reduced 

Soil horizon sequence/thickness 

Horizon H 

Thickness (em) 16 107 30+ 





L/F 19-16 cm 

H 16-0 cm 

0-107 cm 

107-l37+cm 

-457-

fresh and decomposing DpaoophyLLum litter 

dark reddish brown (2.sYR 2.5/2): peat: 

moderate medium and fine granular 

structure: very weak: deformable to 

slightly fluid: very p~astic; slightly 
" f," 

sticky: abundant ~if~vaqd medium roots; 

clear smooth bounda,ry,tq-' 

olive (sY 4/3) with many 'prominent coarse, 
. ....' ,'.-< ..... ---.. 

b;luish grey (sB 5/1) ,mott,les and reduced 
, , ' 

~:ones, prominent dark" brown organic matter 
~ , . 

s-t:rai'rling on 'ped' faces':, .. madeJ:.ately 

gravelly silt loam with boulders (clasts 

moderately to hlqbly weathered); moderate 

medium and coarse anq~lar blocky structure: 

moderately weak, semi-deformable; slightly 

plastic; slightly sticky: few fine and 

medium roots to 50 cm: diffuse wavy 

boundary to 

lithochromic; moderately stony sandy loam 

with boulders (clasts weakly to highly 

weathered): single grain structure; loose; 

non-plastic; non-sticky 



-458-

Soil profile - 86 

Site description 

Location - on ridge between Hut Flat and Hut Creek 

Elevation - 925 m 

Topography 

Aspect - NW 

Landform - steep hillslope, benched microtopography - soil 

on flatter bench 

Slope angle - 27° 

profile - backs lope 

contour - nose 

Parent material - schist colluvium 

Vegetation - tall (4-5 m), mixed scrub-forest with large, 

emergent Liboced.,.u8 bidbfi.t;7,ii and -Dac.,.ydium --r.. 

bifo.,.me ~ 
Age - 7-10,000 years 

Soil profile system 

Texture profile form 

,!" 

Skeletal - gradational positive (non-skeletal to very 

skeletal) 

Fine earth - gradational negative (silt loam to sandy loam) 

Structure profile form - apopedal (granular on massive on 

angular blocky) 

Redox profile form - middle reduced 

Soil horizon sequence/thickness 

Horizon 

Thickness (cm) 





L/P 15-10 cm 

H 10-0 cm 

0-10 cm 

-459-

fresh and decomposing litter, dominantly 

Dpacophyttum sp. 

dark reddish brown (5YR 2.5/2); loamy 

peat; weak fine and medium granular 

structure; very weak; semi deformable; 

moderately plastic; non-sticky; many fine 

and medium roots; abrupt smooth boundary 

to 

dark grey (lOYR 4/1); humose silt loam; 

moderately developed fine and medium 

granular structure; moderately weak; semi

deformable; moderately plastic; slightly 

sticky; cornmon fine and medium roots; 

abrupt smooth boundary to 

E 10-20(15-25)cm dark bluish grey (5B 4/1) with cornmon ag 

20-55 cm 

faint, fine and medium, olive brown 

mottles; cornmon distinct dark brown 

organic matter staining on ped faces; silt 

loam with rare quartz pebbles: massive; 

moderately firm; semi-deformable: slightly 

plastic: slightly sticky: few fine and 

medium roots: abrupt, irregular boundary 

to 

olive brown (2.5Y 4/4) with prominent dark 

brown organic matter staining on ped faces; 

slightly stony silt loam (clasts highly 

weathered); weak coarse angular blocky 

structure; moderately weak; deformable; 

moderately plastic: slightly sticky: few 

fine and medium roots: gradual smooth 

boundary to 



2BC 55-110 cm 

2Cu 110+ 

-460-

olive (5Y 4/4), very bouldery stony sandy 

loam (clasts moderately to highly 

weathered); weak very coarse platy 

aggregation (weathering stones); very 

weak; semi deformable; slightly plastic; 

slightly sticky; few medium roots; gradual 

smooth boundary to 

lithochromic; large schist boulders, few 

fines; many open cavities between rocks 



-461-

Soil profile - 57 

Site description 

Ilocation - towards crest of steep hills10pes opposite Cropp 

Hut 

Elevation - 1015 m 

Topography 

Landform - steep hillslope 

Slope angle - 35° 

profile - backs lope 

contour - nose 

Parent material - pelitic schist 

Aspect - 5E 

Vegetation - tall Chionochtoa pattens grassland 

Soil profile system 

Texture profile form 

Skeletal - uniform (moderately to strongly skeletal) 

Fine earth - uniform (silt loam) 

Structure profile form - epipedal (subangular blocky on 

single grain) 

Redox profile form - raw unoxidised 

Soil horizon sequence/thickness 

Hor i zon I ~ I Cu I R I 
Thickness (cm) I 10 I 20 (15-35) I 10+ I 





0-10 cm 

-462-

very dark grey (lOYR 3/1): moderately 

stony humose silt loam (clasts slightly 

weathered): weak medium and fine 

subangular blocky structure; very weak: 

semi-deformable; slightly plastic; non

sticky; clear, smooth boundary to 

Cu 10-30(25-45)cm lithochromic; slightly weathered pelitic 

schist with interstitial fines; grades 

irregularly to 

R 30+ cm fractured pelitic schist 



-463-

Soil profile - S8 

Site description 

Locat.ion - steep hills lopes on eastern seide of Danger Gully (f ig. 24) 

Elevation - 1180 m Aspect - ESE 

Topography 

Landform - steep hillslope 

Slope angle - 35° 

profile - backs lope 

contour - nose 

Parent material - pelitic schis'-t 

Vegetation - tall Chionoahtoa pat tens grassland 

Soil profile system 

Texture profile form 

Skeletal - uniform (moderately to strongly skeletal) 

Fine earth - uniform (silt loam) 

Struxture profile form - subpedal 

Redox profile form - raw unoxidised 

Soil horizon sequence/thickness 

Horizon I ~ I eu R I 
Thickness (ern) I 5 I 15 I 20+ I 



c 
u 

R 

0-5 cm 

5-20 cm 

20+ cm 

-464-

very dark grey (lOYR 3/l)~ moderately 

stony humose silt loam (clasts slightly 

weathered)~ very weak medium and fine 

subangular blocky structure; very weak; 

semi-deformable; slightly plastic; non

sticky; clear, smooth boundary to 

lithochromic~ slightly weathered pelitic 

schist with interstitial fines; grades 

into 

fractured pelitic schist 



-465-

Soil profile - S9 

Site description 

Location - steep hillslopes on eastern side of Danger Gully (fig. 24) 

Elevation - 1190 m Aspect - ESE 

Topography 

Landform - steep hillslope 

Slope angle - 36° 

profile - backs lope 

contour - nose 

Parent material - pelitic schist 

Vegetation - tall Chionoohtoa pattens grassland 

Soil profile system 

Texture profile form 

Skeletal - gradational positive (non skeletal to moderately 

skeletal) 

Fine earth - gradational negative (silt loam to sandy loam) 

Structure profile form - epipedal (subangular blocky on 

single grain) 

Redox profile form - raw unoxidised 

Soil horizon sequence/thickness 

Horizon I ~ I eu I R 

Thickness (em) I 2 I 38 I 10+ 



-
-4 
• 



0-2 cm 

2-40 cm 

R 40+ cm 

-466:-

very dark greyish brown (IOYR 3/2); humose 

silt loam; weak fine subangular blocky 

structure; moderately weak; semi

deformable; slightly plastic; slightly 

sticky: many fine and medium roots: sharp 

smooth boundary to 
_, 0-_ ....... ',. '';. ,~ ....... , 

dark' ~:IIie·'g;~yi;.( 5y~):fl2'j: ~ 'moderately stony 

sandy loam (clasts-s~ightly weathered): 

single grain_~~5u$~~r~~ very weak: semi

deformable: non-plastic: non-sticky; many 

fine and medi.~rit ?36t§)"cabrupt smooth 

boundart8t~ 0-;.:-1' r:'~TOU I. 

fractured pelitic schist 



-467-

Soil profile - SlO 

Site description 

Location - midslope on ridge extending from Tarkus Knob to 

Cropp Gorge 

Elevation - 905 m Aspect - SSE 

Topography 

Landform - moderately sloping broad ridge 

Slope angle - 18° 

profile - backslope 

contour - nose 

Parent material - psarnrnitic schist (~~tz rich) 

Vegetation - open, low (1-2 m) Dacpydium bifopme-Oteapia 

coZensoi shrubland with Podocappus nivaZis, 

ChinonochZoa pubpa and C. paZZens in openings 

Soil profile system 

Texture profile form 

Skeletal - gradational positive (non-skeletal to slightly 

skeletal) 

Fine earth - uniform (silt loam) 

Struxture profile form - isopedal (blocky) 

Redox profile form - bottom reduced 

Soil horizon sequence/thickness 

Horizon 

Thickness (cm) 110 115(10-22) I 5+ I 





L 3-0 cm 

0-10 cm 

-468-

tussock and moss litter 

dark grey (lOYR 4/1): humose silt loam: 

weak fine and medium subangular blocky 

structure: moderately weak; deformable: 

moderately plastic; slightly sticky: many 

fine and medium roots; abrupt smooth 

boundary to 

Eag 10-25(20-32)cm bluish grey (5B 5/1) with cornmon distinct 

R 25+ cm 

-fine and very fine, reddish brown mottles; 

slightly stony silt loam (clasts moderately 

to highly weathered); weak coarse angular 

blocky structure; moderately firm; semi

deformable; slightly plastic; non-sticky; 

few fine roots; sharp waby boundary to 

weathered psarnmitic schist; incipient iron 

pan at boundary in parts; grades down to 

unweathered bedrock within 10 cm 



-469-

APPENDIX 3: ANALYTICAL DATA FOR THE SOIL SEQUENCES ON GENTLE SLOPES (Fl to F7) 
AND STEEP SLOPES (SI to S6). 



SOIL PROFILE - F1 

Sample 
code 
Depth (cm) 
Horizon 

H2,O 
pH KCl 

NaF 

5.1 
3.0-
7.0 

5.3 5.3 
~-.4 ~.2 
7.1 7.1 

5.1 5.2 5.3 5.4 5.6 
-J.J J.-3 -3;3- 3.3 3.2 
7.1 7.1 7.0 7.0 7.0 

LOI (%) 112.6 4.4 19. 1.6 1.2 1.2 I---r:-2T--O.91 

oxalate- Fe 0.44 0.35 0.15 0.16 0.12 0.11 0.12 0.12 
extract- Al 0.16 0.15 0.07 0.00 0.03 0.03 0.03 0.03 
able (%) 5i 0.03, 0.04f O.OlL: 0.01 ( 0.004 o.om O.OOl 0.01] 

Ca 1.02 1.08 1.19 1.01 1.04 1.07 1.04 1.19 
Total p O.ll O.Oy O.Ots O.Ots 0.01 U.UI u.u~ _lI. Uts I 

el ement Fe 4.65 4.56 4.72 4.06 4.01 3.95 3.91 4.49 
analyses Al 7.42 7.80 8.46 8.14 7.86 7.72 7.99 8.14, 
(% ) 5i 31.98 31.65 30.37 31. 78 32.29 32.35 32.49 31.89 

ppm Zr 273 261 26J 256 2_4L 
- ~~~- _'2~ts_ ~~I 

Eluvial- Ca -29 -23 -14 -25 -19 -8 -13 
illuvial P +14 -4 -14 -11 -1-g- -11 I) 

coeffi- Fe -14 -14 -9 -20 -17 -10 -13 
cients Al -25 -19 -10 -11 -11 -3 -2 
(%) 5i -17 -16 -18 -12 -6 +3 +1 

-

% Grave 0 1 43 55 
by Sand 71 75 80 89 
wei ght 5i It 19 22 14 9 

Cl ay 10 3 6 2 
- - - -- ----- -- -- -

I 
~ 
.;""J 

o 
I 



SOIL PROFILE - F2 

Sample 
code 
Depth (cm) 
Horizon 

pH 

LOI (%) 9.9 4.9 4.6 1.7 1.1 1.2 1.1 0.9 0.9 0.9 

oxa 1 ate- I . - I . - .. 
_ n n~ n n~ X X~ x X~ extract Xi., hi. I 1\~1E "-,-,, I n I,Z Il-Xh X-hE ~ -

able (%) 

Ca 
Total P 
element Fe 
analyses Al 
(% ) Si 

ppm Zr 

Eluvial- Ca -15 -18 -27 -1 +2 0 +5 +2 0 
illuvial P -23 -jU -46 -10 -u +,Z. -tj -10 -8 
coeffi- Fe -3 -4 -9 -8 -6 -2 -j -!:> -1 
cients Al -!:> -!:> -lZ -4_ -6 0 -1 -1 +5 I 

(% ) Si -14 -7 -14 -5 +l +Z 0 +4 +6 .. 1 
~ --

% Gravel 14 40 66 
by Sand 55 47 'til.. I 

wei gh1l Si It 35 41 8 1 

Clay 10 12 5 1 

I 

"'" -.J 
I-' 
I 



SOIL PROFILE - F3 

Sampl e 
code 
Oepth (em) 
Horizon 

H2O 4.5 
pH KCl 

NaF _ ].4_ 

4.6 

_ l.7 

4.8 4.9 5.0 5.1 5.2 5.2 5.2 

_~L _ _ B-,,~_ -~-.-~ 
_~ ___ B_ B.9 B.6 Z·L_ 

LOI (%) I 20.0 114.2 6.1 4.4 3.1 3.0 2.?=r?-=-1 1.D 

oxalate- Fe 
extraet-~Al~~~+-~~~~T+~~M-~~~~~~~~~TTr-~~ 

~ bJ ~iJ.L~5 i:..-&-...;:...:..; 

Ca 0.66 0.65 0.59 0.55 0.57 0.60 1.01 
Total P 0.09 0.07 0.04 0.03 0.03 0.04_ u.ua 
element Fe 4.11 4.19 4.13 5.13 5.02 4.61 4.~6 
analyses Al 8.35 8.40 8.38 8.59 9.03 8.34 8.59 
(% ) 5i 32.79 32.28 _32.46 31.59 30.75 32.07 31.16 

ppm Zr 309 299 264 245 260 250 
~----

'--- 234 - -~ 

Eluvial- Ca -51 -50 -48 -48 -49 -44 , 
i lluvi al P -15 -32 -56 -64 -66 -53 I 

eoeffi- Fe -37 -34 -26 -1 -9 -13 I 
eients Al -26 -23 -14 -4 -5 -9 I 
(%) 5i -20 -19 -8 -T -IT -4 I 

% Gravel 0 20 26 11 53 
by Sand 32 44 48 5-g- 60 I 

wei ght Si 1t 37 41 40 37 36 
Cl ay 31 __ 15 12 7 ____ ~ __ ~ __ L~ _.-

I 
~ 
-..J 
N 
I 



SOIL PROFILE - F4 
Sample 
code 
Depth (cm) 
Hori zon 

H2O 
pH KCl 

NaF 

4.4 
3.3 
7.1 

4.4 
3.2 
1.2 

4.5 4.8 4.9 
3.4 3.1 3.6 
7.5 8.8 8.4 8.0 

5.3 5.5 5.5 5.6 5.5 5.5 5.6 5.7 
3.3 3.5 }.6 3.4 3.8 3.9 3.6 3.6 
7.6 7.5 7.6 1.8 8.3 8.}_ __ ~.3 _ B.1 

LOI (%) 113.8 8.8 5.7 I 11.1 6.£fr3.2 2.TL2.0 1.5 3.2 1.9 1.5 1.7 1.8 

Ca 0.43 0.33 0.34 0.33 0.37 0.35 0.46 0.68 0.69 0.81 0.65 0.76 0.83 
Total P U.05 U.04 0.03 0.02 0.03 0.02 0.02 0.06 U.08 U.ll U.U8 U.Jl_9 0.10 
element Fe 2.10 1.46 3.80 20.62 7.0B 5.14 4.35 4.61 4.59 4.88 3.93 4.59 4.~8 

analyses Al 7.33 6.03 1.19 7.63 8.83 8.77 9.02 9.41 8.73 9.23 9.31 9.17 9.13 
(%) Si 35.46 37.49 34.09 22.97 29.99 31.16 31.04 30.46 31.25 29.95 30.40 30.33 30.57 

oom Zr 410 414 293 197 301 274 257 2~8 241 241 2~1 2~1 2~3 

Eluvial- Ca -68 -76 -65 -49 -63 -61 -45 -20 -15 0 -21 -10 
illuvial P -69 -76 -74 -7'}_ -7';) -82 -80 -41 -lB +13 -19 -11 I 

coeffi- Fe -72 -81 -2B +478 +30 +4 -I -1 +3 +9 -14 -1 I 

cients Al -50 -60 -32 +7 -19 -11 -3 +1 -2 +4 +3 -1 I 

(J,) Si -28 -25 -4 -4 -18 -6 0 -2 +5 --_Q- 0 _ -.2 I -------- -----

% Gravel 1 5 33 9 11 36 44 
by Sand 32 37 46 54- 45 5-r· ~9 I 

wei ght Si lt 43 34 34 41 47 44 38 
Clay 25 29 20 5 --~---~ 3 I -- - - - --- ---

I 
~ 
-...J 
W 
I 



SOIL PROFILE - F4p 

Sample 
code 
Depth (cm) 
Horizon 

H2O 
pH KCl 

NaF 

4.3 
3.6 
7.0 

_4.3 
3.5 
6.9 

4.1 4.4 4.3 4.4 
3.6 3.6 3.6 3.7 
6.9 7.0 6.9 7.0 

4.4 4.J 4.8 4.9 5.0 5.4 5.5 5.5 5.6 
3.7 3.8 3.9 4.2 4.2 4.1 4.2 3.9 3.9 
7.0 7.4 8.0 8.6 9.3 8.9 8.8 8.5 8.3 

LOI (%) I 62.0 I 66.5 1 68•4 I 81.6 1 77 •0 I 85.5 1 87 •7 1 62 •5 I 26.7 3.3 2.6 1.9 1.2=C1. 5 1.5 

Ca 0.59 0.67 0.70 0.52 0.41 0.39 0.41 0.36 0.29 0.66 0.66 0.61 0.79 0.79 0.85 
Total P 0.28 0.27 0.22 0.40 0.34 0.51 0.65 0.15 0.11 0.03 0.05 U.U8 0.1) U.ll 0.11 ! 

element Fe 2.73 1.68 2.49 1.27 1.05 1.28 1.44 1.13 1.04 3.77 3.88 5.00 5.12 4.98 5.01 
analyses Al 10.48 10.93 13.26 11.48 10.71 13.76 15.02 9.58 8.91 6.71 1.9U tl.61 9.81 9.77 9.77 
(%) Si 30.95 31.30 27.78 31.54 32.53 29.41 28.02 33.44 34.38 34.39 32.58 30.94 29.36 29.51 29.71 

ppm Zr 294- 267 233 281 285 253 253 3~2 349 223 2_44 2_4U 261 252 2/1 

Eluvial- Ca -36 -20 -4 -41 -54 -51 -48 -66 -74 -6 -14 -19 -4 0 
illuvial P +135 +149 +133 +251 +194 +455 +533 +8 -22 -oI -50 -ltl +4 +tl I 

coeffi- Fe -50 -66 -42 -76 -80 -73 -69 -82 -84 -9 -14 +13 +6 +7 I 

cients Al -1 +14 +58 +13 +4 +51 +65 -22- -29 -17 -10 0 .+4 +tl I 
(% ) Si -4 +7 +9 +2 +4 +6 +1 -11 -10 -41 +22 +18 +3 +7 : 

-- ------- -~ ~.----- '-----

I 
~ 
.....,J 

~ 
I 



So.IL PRo.FILE - F5 
Sample 
code 
Depth (em) 
Horizon 

H2O 
pH KCl 

NaF 

4.2 
3.3 
7.1 

4.5 4.8 5.4 
3.3 3.6 4.3 
7.7 7.7 9.0 10.2 

5.5 5.6 0.6 o.b 5.6 5.6 5.6 I 

4.3 4.1 4.2 4.4 4.2 4.2 4.4 i 

9.5 _~~1_ .. 8.8 8.9 ~.l_ 8.5 8.8 
- - - - -- --- --- ----

Lor (%) 1 11.4 3.0. 2.3·1 5.8 3.5 2.1 1.8 1.7 1.6 1.4 1.4 1.2 

oxalate- Fe 
extract- Al 
able (%) Si 

--- --- --- - -- ----

Ca 0.32 0.28 0.53 0.38 0.49 0.60 0.74 0.67 0.75 0.67 0.86 0.71 
Total P U.04 O.oz 0.02 U.03 0.03 O.Ob 0.0.9 0.09 0.11 0.09 0.10 0.09 
element Fe 0.91 1.06 2.75 14.84 5.36 4.53 4.47 4.22 4.56 3.94 4.67 4.40 
analyses Al 5.41 6.51 8.05 6.68 8.76 8.44 8.25 8.2tl tl.45 1.9tl tl.60 tl.Z5 
(%) Si 38.73 37.30 33.86 27.92 30.98 31.56 31.77 32.09 31.46 32.54 31.11 31.74 

ppm Zr 371 351 25tl 13tl 24tl 2i£ ,---2~~ __ 227 _ ,--2_34 .. 23U 236 _227 

Eluvial- Ca -72 -75 -34 -12 -37 -21 -1 -6 +2 -7 +17 
illuvial P -73 -86 -8U -45 -70 -37 -5 0 +19 -1 +1 
coeffi- Fe -87 -84 -45 +455 +12 -3 -3 -4 +1 -12 +2 
cients Al -6U -49 -14 +33 -3 -4 -5 0 +1 +0 +1 
(% ) Si -25 -24 -6 +45 -11 -7 -5 +l -4 +1 -6 

-- ------

% Gravel 2 1 17 64 64 
by Sand 43 38 48 63 68-
wei ght Si It 38 38 42 34 29 

Clay. 19 24 10 3 ___ ...L 
-

I 
~. 

....... i 
lJI' 
I 



SOIL PROFILE - F6 
Sampl e 
code 
Depth (cm) 
Horizon 

H2O 
pH KCl 

NaF 

4.0 
3.2 
6.8 

4.7 
3.2 
7.0 

5.0 5.2 5.4 5.6 
3.4 3.5 3.8 3.8 
7.5 

---
8.5 _~.O ~B 

5.6 5.6 5.6 5.7 5.7 5.6 5.8 
4.1 3.9 4.0 4.2 4.3 4.2 3.9 
9.3 9.0 8.6 9.3 9.1 9.3 8.7 

LOI (%) I 23.6 8.0 4.8 3.8 3.6 2.2 2.8 2.3 1.8 2.5 2.8 2.0 1.8 

oxalate-~~~~+-~~~~~-w~~~~~~T+~~~~~+-~~~~~~~+-~~~~r 
extract-~~~~+-~~~~~~~~~~~~~~~rnr~~~~~~~~~~*-~~~~~ 
able (%) 

Ca 0.32 0.25 0.30 0.56 0.45 0.66 0.63 0.65 0.71 0.68 0.66 0.66 0./3 
Total P 0.05 U.03 0.03 0.02 0.02 0.U5 0.05 O.U~ O.UI U.UO U.U~ u.uo U.UI 
element Fe 1.00 0.87 2.61 5.00 4.99 4.64 4.73 4.86 4.72 4.61 4.56 4.43 4.54 
analyses Al 4.44 4.46 6.07 9.57 9.23 9.96 9.95 9.90 9.60 9.96 10.U7 9.30 9.~_9 

(%) ppm Si 39.72 39.89 37.00 30.40 30.91 29.82 30.00 29.65 30.24 29.7'd 29.80 30. /I ::J0.2::J 
_l-r __ 402 400 329 268 272 255 240 239 246 238 239 239 230 

- -- ---- -

Eluvial- Ca -76 -80 -71 -34" -48 -18 -17 -14 -9 -10 -13 -13 
illuvial P -59 -75 -70 -75 -76 -36 -]Z -3T -7 -17 -31 -18 
coeffi- Fe -87 -89 -60 -5 -7 -8 0 +3 -3 -2 -3 -6 
cients Al -74 -73 -56 -14 -19 -6 -1 -1 -6 0 +l -7 
(!L_ Si -25 -24 -14 -14 -14- -IT -0 -0 -6 -5 -5 -2 

" 

% Grave 0 1 38 29 36 ! 

by Sand 38 42 42 55 43 I 
wei ght Silt 33 47 38 38 52 I 

Clay 29 11 20 7 5 l 

I 
~ 

-' 
0'1 
I 



SOIL PROFILE - F7 

Sample 
code F7.1 - - _ - I - - - - - I Depth (em) 20-10 1"''' ,... r.., n.ll .. 1 ?.,,.. .. 11 Ii., X"I ".. ,... .. 1.,.1 .. _ ...... .:; 

Horizon Oh 
~~--~~--~----~~~~~~~--~--~~--~----~~~~----~--~~~~--~~--4-~~~~~-+ 

H2O 4.3 4.6 4.7 4.9 5.0 5.0 5.2 5.3 5.3 5.4 5.4 5.4 5.4 5.5 5.4 
pH KCl I 

NaF 7.4 7.3 7.7 7.8 8.1 8.3 8.4 _~.O 8.2 7.7 7.7 7.8 7.8 7.9 9.0 

LOI (%) 129.7 128.9 1 17 •8 7.3 4.2 ITJ-3--:2T-27TT.0-n-:-6=r-1---=-4-1 1.5 1.6 1.4 1.6 

oxalate- 0.08 
extract- 0.14 
~~k{%) 0.041 

Ca 1.13 1.08 1.11 1.27 1.26 0.95 . 1.12 1.39 1.13 1.12 
Total P 0.06 0.07 0.03 0.02 0.01 0.02 0.02 O.Ol 0.09 0.09 
element Fe 3.96 4.04 f. 62 2.73 3.63 1/.48 6.08 5.56 4.20 4.37 
analyses Al 9.17 8.11 8.30 7./1 8.05 7.03 8.20 9.03 8.31 tl./5 
(%) Si 31.55 33.13 33.55 33.99 32.81 24.81 31.11 29.94 31.83 31.53 

ppm Zr 285 315 ~21 2J~6 256 162 206 190 2~4 __ 217 - - - -- --

Eluvial- Ca -23 -34 -33 -14 -5 +14 +5 +42 -2 
illuvial P -49 -46 -77 -83 -91 -7TJ -77 -75 -3 
coeffi- Fe -31 -36 -59 -53 -30 +436 +47 +45 -7 
cients Al -20 -36 -36 -33 -22 +8 -1 +18 -8 i 

_ (%L ___ 5-L __ -2.L _ -28 -28 -18 -12 +5 +4 +8 -2_ 
~ ... -~- - ----- - ---- -

% Grave 1 0 4 3 2 1 ; 33 
by Sand 31 39 49 64 50 72 
wei ght 5i 1t 49 41 38 28 Ll-Z 22 

Clay " 20 20 13 8 8 6 



SOIL PROFILE - S1 

Sample 
code 
Depth (cm) 
Horizon 

H2O 
pH KCl 

NaF 

4.8 

7.4 

5.0 5.0 

7.8 8.1 

LOI (%) 6.4 I=3-:TC-2.4-, 

oxalate- Fe 0.70 0.61 0.38 
extract- Al 0.16 O.rs- 0.14 
able (%) Si O.Ooc O.Oaf 0.00 

Total 
element Fe 
analyses Al 
(%) Si 
____ pp_m __ "lr 

- --~ 

% Gravel 0 
by Sand !:lb 
wei gh1 Silt 31 

Clay U 

I 
,j:>. 

-.] 

co 
I 



SOIL PROFILE - S2 

Sample 
code 
Depth (cm) 
Horizon 

H2O 
pH KCl 
--~-~ 

4.2 

7.0 

4.8 4.8 

7.6 7.9 

5.0 5.0 5.1 5.1 5.1 5.1 5.1 5.1 

8~0 7.8 7.8 8.4 8.1 7.8 8.5 8.6 

LO I (%) I 44.9 3.7 3."2 3.2 2.1 1.6 2.1 1. 7 1. 4 1. 7 1. 6 

oxalate- Fe 0.89 0.44 0.48 0.45 0.37 0.25 0.26 0.29 0.17 0.22 0.33 
extract- Al 0.90 0.12 0.15 0.11 0.12 0.11 0.11 O.lU U.Oy U.14 0.14 
abt~) Si 0.01 0.01 O.OOE O.Ooc o.om 0.011 o.om 0.01 0.01~ 0.01~ 0.01~ 

Ca 0.62 0.49 0.49 0.50 0.55 0.53 
Total P O.~j 0.04 0.03 0.04 0.03 U.U4 
element Fe 2.35 2.14 2.25 2.34 2.23 2.28 
analyses Al 7.97 6.38 6.6} 6.91 6.94 6.~7 
(% ) Si 34.45 36.26 36.27 35.27 35.79 35.42 

ppm Zr 264 211 202 200 206 191 

Eluvial- Ca -15 -16 -13 -10 -4 
illuvial P +316 -9 -29 -5 -30 
coeffi- Fe -25 -15 -7 -2 -9 
cients Al -16 -16 -8 -4 -6 I 

(%) Si -30 -7 -3 -5 -6 I 

% Gra ve 1 0 6 27 32 
by Sand 53 _6) 70 66 
weigh Silt 28 28 27 28 

Cl ay 19 11 3 6 
--

I 
oj::. 

-...] 

1..0 
I 



SOIL PROFILE - S3u 

Sa~ple 
eoae 
Depth (em) 
Hori zan 

H2O 
pH KCl 

NaF 
--- -------

4.4 

7.6 

4.5 4.8 

1.0 H.1 

4.9 5.0 5.0 5.0 5.0 4.9 4.9 5.0 

H.U H.4 1.1 1.1 H.o H.U H.1 I.H 

Lor (%) 119.9 7.7 5~2 3.9 3.2 2.2 2.1 2.8 2.7 2.1 1.8 

oxalate- Fe 1.43 1.38 1.21 0.84 0.49 0.23 0.20 0.31 0.30 0.21 0.13 
extraet- Al U.22 0.29 0.3U U.2U 0.19 0.11 0.10 0.19 U.17 0.16 0.10 
able (%) Si O.OOL O.OO~ O.OOt O.OOf 0.00 O.Ooc 0.01 0.01~ O.OH 0.02( O.OlE 

Ca 0.47 0.45 0.48 0.48 0.64 0.68 0.91 
Total P 0.09 0.05 0.04 0.03 0.05 U.U/j U.08 
element Fe 3.27 4.70 5.36 5.16 5.31 4.66 4.00 
analyses Al 7.03 7.UI 8.25 8.93 8.30 8.69 8.74 
(%) Si 35.50 33.17 31.56 31.08 31.18 31.54 31.11 

ppm Zr 331 254 248 221 213 207 2U8 

Eluvial- Ca -68 -60 -56 -50 -31 -25 I 
illuvial P -29 -49 -o/j -00 -39 o J 
eoeffi- Fe -49 -4 +12 +21 +30 +17 
cients Al -49 -34 -21 -4 -7 o I 
(% ) Si -28 

~ 
-13 -15 -6 -~ +~-j -------- -

" 

% Gravel 0 17 53 54 67 
by Sand 42 49 56 69 !~ 
wei ght Silt 31 33 35 27 25 

CJEi' 27 18 9 4 3 

I 
""'
(Xl 

o 
I 



SOIL PROFILE - S31 

Sample 
code 
Depth (em) 
Horizon 

H2O 4.3 
pH KCl 

NaF 7.0 

4.6 4.9 4.9 

7.8 8.3 8.0 

5.2 5.4 5.4 5.5 5.6 5.7 5.8 5.9 I 

I 
8.7 8.9 9.7 9.6 9.4 9.8 9.8 10.0 I 

LOI {%} I 18.2 4.9 4.0 2.3 1.9 2.2 3.6 2.8 2.8 3.1 3.4 2.8 

Ca 0.45 0.35 0.34 0.51 U.67 0.74 0.79 0.79 
Total P 0.09 0.04 0.03 0.03 0.06 0.09 O.lU 0.12 
element Fe Z.4U 3.9U 4.5~ 4.84 4.41 4.11 4.1~ 4.~U 
analyses Al 5.89 6.99 7.85 8.23 8.25 8.58 8.82 9.37 
(% ) Si 37.17 35.11 33.44 32.30 31.85 31.36 31.62 30.78 

ppm Zr 320 260 2_34 233 2~3 230 236 244 

Eluvial- Ca -57 -58 -55 -32 -7 -1 +3 I 

i11uvial P -43 -69 -/4 -74 -45 -20 -14 I 
eoeffi- Fe -59 -19 +6 +13 +7 -3 -4 I 

eients Al -52 -30 -13 -8 -4 -3 -3 I 
(%) Si -8 +7 +13 +10 +13 +8 +6 I 

% Grave 0 24 51 60 56 
by Sand 58 48 67 66 62 
wei ght Si It 25 32 - 29 3U 34 

1--
Cl a'y 17 20 4 4 4 

I 
oJ:>. 
OJ 
...... 
I 



SOIL PROFILE - S4 

Sample 
code 
Depth (cm) 
Hori zon 

H2O 
pH KCl 

NaF 

3.9 

6.3 

4.4 

7.3 

4.5 4.5 4.6 4.9 4.9 

7.7 7.9 8.7 9.2 -~~ -- ---- -------

4.6 4.5 4.9 4.8 5.0 4.9 5.2 5.2 5.3 I 

I 
,--~6 9.4 _9.-'---_ ~.~-- '--- 9.6 9.9 .-~.}- 9.4 _,-.7_ J 

------

LOI {%} I 36.2 I 6.2 4.8 I 3.7 4.[T·--;fY]-2-:-4-r -5,-1 T -JJ)[-2--:-5-1-3~--rl,9- -r 1.9- T1--=7-- D:S--~9J 

oxal ate- Fe 0.37 0.45 1.25 1.29 1.23 1.10 0.64 1.10 0.80 0.49 0.53 0.4U 0.35 0.33 0.22 0.16 
extract- Al U.2Y U.ll U.1Y U.2t> U.30 U.31 U.21 U.02 U.3U U.22 U.2b 0.25 U.19 0.19 0.13 0.08 
able (%) Si O.OO~ 0.00 O.OO~ 0.00 0.001 O.ou o.om 0.00 o.om o.om O.OO~ o.om o.ol.~ 0.01, 0.01~ 0.01 

Ca 0.73 0.62 0.69 0.73 0.85 0.83 0.90 0.82 0.81 0.97 
Total P 0.09 0.03 0.04 0.03 0.03 0.03 0.03 0.03 U.03 0.08 
element Fe 1.88 1.93 3.19 3.95 5.30 4.26 4.53 4.95 4.27 4.39 
analyses Al 7.44 6.54 1.47 7.78 9.20 8.80 9.1Y 9.60. 8.83 9.26 
(%) Si 35.34 36.70 34.52 33.53 31.31 32.14 -31.27 30.5U 31.58 30.68 

p~m Zr .3~4- 2~ 191 261 200 209 244 231 Z4!> Zb4 

Eluvial- Ca -48 -41 -35 -24 -7 -13 0 -3 -10 ' 
illuvial P -23 -66 -55 -62 -60 -62 -59 -57 -60 I 
coeffi- Fe -71 -60 -34 -9 +27 -1 +12 +29 +5 
cients Al -45 -35 -27 -15 +5 -3 +7 +N +3 
(%) Si -21 +1U +2 +11 +8 +1 +10 +14 - .. +11_ --- ---------1 -- ---~ ------ -- - -

% Grave 0 18 5 15 38 41 
by Sand 47 43 42 57 5~ 7U 
wei ght Si 1t 37 37 38 33 28 26 

_~lAY_ 16 20 20 10 9 4 
--



SOIL PROFILE - S5u 

Sample 
code. 
Depth (cm) 
Horizon 

H2O 
pH KCl 

NaF 

4.3 

8.1 

4.6 5.0 4.9 5.0 5.1 

7.9 9.1 9.2 9.4 9.4 

5.1 5.2 5.l 5.l 5.l ~.j ~.3 ~.j 5.3 I 

I 

9.3 9.7 9.9 8.8 7.5 7.6 7.5 9.6 9.7 : 

LO! (%) 119.3 5.7 4.5 5.0 6.1 3.2 2.9 2.0 2.4 2.4 T-I-:-U I 0.8 0.6-[-2.2 2.0 

I ~-.- "wI I -. I -·--1 ----'1 ----'1 ----1 ----1 ----'1 -.--"1 ----'1 -·--'1 -·"'-1 "'·--1 ..,.~. 1 ""·""~1 "".""-'''1 "'."''"''1 I 
,j:>. 

(Xl 

W 

Ca 0.74 0.69 0.77 0.74 0.84 0.45 0.71 0.78 I 
I 

Total P 0.08 0.03 0.04 0.03 0.04 O.Ol 0.04 0.09 
element Fe 3.14 j.76 5.81 ~.4tl 6.31 5.6l 4.97 4·_t4 
ana lyses Al 8.33 8.10 9.92 9.77 10.54 8.93 8.52 9.68 
(%) Si 33.29 3}.28 29.39 ~9.93 2tl.31 3U.8tl 31.14 30.08 

ppm Zr 313 244 266 246 292 227 260 234 

Eluvial- Ca -28 -14 -12 -9 -13 -40 -17 
illuvial P -34 -68 -61 -68 -64 -77 -bU 
coeffi- Fe -49 -22 +10 +12 +9 +25 -4 
ci ents Al -36 -20 -10 -4 -13 -5 -21 I 
(% ) Si -17 +6 -14 -5 -24 +6 -7 I 

% Gravel 0 13 7 42 5 74 
by Sand 42 56 54 62 72 59 
wei ght Silt 36 30 29 34 25 38 

----j:li!.L..; -~ 14 17 4 j 3 



SOIL PROFILE - S51 
Sample 
code 
Depth (cm) 
Horizon 

H2O 
pH KCl 

NaF 

4.2 

6.1 

4.1 

_1.1 __ 

4.6 4.9 5.1 5.1 

8.5 L- ______ _~._L _~.!3 __ --~-.!.~ ------

5.1 5.2 5.3 5.2 5.3 5.2 5.2 5.3 5.3 5.3 

9.9 ~.!~ _1.o.U __ -}.} -- - ~!.~ _9.§_ 9.9 _ 9.6 9.5 7.9 
- -----

Lor {%} 181.9 143.5 5.4 2.1 2.3 3.1 3.7 3.7 2.3 2.4 1.7 1.5 1.2 0.9 1.1 1.2 

Ca 2.0U 0.61 U.6U U.4J U.5b U.bO 0.60 0.79 
Total P 0.42 0.19 0.04 0.02 0.03 I - 0.05 O.Ub U.p~ 
element Fe 2.56 .?33 1.. 03 1.67 2.33 4.51 4.40 4.54 
analyses Al 8.4U 8.42 7.30 6.18 7.92 H.54 8.0~ 8.29 
(% ) Si 31.97 34.17 35.78 36.86 34.80 31.97 31.95 31.52 

ppm Zr 281 360 293 
-----,--2~!L ---- --

268 
'-----

240 22U 268 
- ---- ---- --------

Eluvial- Ca +142 -37 -31 -42 -29 -15 -7 
illuvial P +345 +1;:)1 -59 -76 -bl -38 -19 
coeffi- Fe -46 -62 -59 -61 -49 +11 +16 
dents Al -3 -24 -19 -21 -4 +15 +18 I 
(%) Si -5 -19 +4 +24 +10 ~13_ +23 I 

% Gravel 0 12 2 34 I 69 
by Sand ?2 49 -~ .01 1 .71 
wei gh1 Silt 39 34 45 35 f 27 

Clay _ ?9_ __ 11 __ IL _ L _______ '--
4 I 2 

- -

~ 



SOIL PROFILE - S6 

Sample 
code 
Depth (cm) 
Horizon 

H2O 
pH KCl 

NaF 
- - -- -

56.1 
10-0 
H 

3.S 

6.1 

56.2 56.3 56.4 
0-10 10-20 20-30 

Ah Eag Bs 

3.S 4.3 4.6 

~-:.L _7 ___ L ~_S 

56.5 56.6 S6.7 56.S 56.9 56.10 56.11 
30-40 40-50 50-60 60-7U 70-S0 SO-90 90-1UC 
Bs___ ~~ __ ~l2B_(~BC 2BC 2BC 2BC 

4.7 4.9 5.1 5.0 5.1 5.4 5.4 

'7.S S.7 10.1 9.6 9.6 9.4 9.1 

Lor (X) I 53.2 I 21.8 2;9 3.3 3.4 2.2 3.4 2.8=r7~[ 2.0 l~HJ 

Ca 1.13 0.55 0.38 0.58 0.62 0.64 0.82 0.88 
Total P 0.16 0.07 0.02 0.02 0.03 0.07 U.Uj 0.04 
eiement Fe 1.27 0.88 0.87 3.19 3.45 3.04 2.93 2.78 
analyses Al 6.41 6.01 5.38 7.13 7.81 7.52 I.90 7.98 
(X) 5i 37.47 38.31 38.36 35.38 33.91 34.34 33.52 33.54 

ppm Zr 349 328 -317 2TT 244 217 211 203 

Eluvial- Ca -25 -61 -72 -52 -41 -30 -10 
i lluvi al P +133 +8 -68 -63 -38 -52 -28 
coeffi- Fe -73 -80 -80 -16 +3 +5 +1 
cients Al -53 -53 -57 ~35 -19 -10 -5 
(% ) 5i -35 -30 -27 -23 -16 -2 -4 -- ------- -:...----- -- - -- ---- --

% Gravel 0 2 1 1 19 43 
by Sand 41 56 48 57 bb 10 

~eigh~ 5i 1t 36 30 46 34 30 27 
Clay 23 14 6 9 4 3 

I 

"'" (Xl 

111 
I 



-486-

APPENDIX 4: POINT ANALYSIS OF PLANT COMMUNITIES. 



T1 - very young, low terrace 

SPECIES 

0-10 cm hei~ht 
Poa colenso~ 

:! Blechnum penna-marina 
Cotula squalida 
Chionochloa pallens 
Chionochloa rubra 
Coprosma cheesmanii 
Dicranoloma robustum 
Prati,cl angulata. 
Anisotome aromatica 
Schizeilema hydrocotyloides 
Oreomyrrhis colensoi 
Mazus radicans 
Luzula crinita 
Microseris scapigera 
Lophocolea sp. 
Litter 
TOTAL PLANT COVER 

10-60 em 
Carmichaelia grandiflora 
Chionochloa pallens 
Chionochloa rubra 

, Hebe subalpina 
Festuca mathewsii 
Coprosma cheesemanii 
Aciphylla horrida 
TOTAL PLANT COVER 

. , 

60 em - 2 m 
Chionochloa rubra 

OTHER SPECIES NEAR TRANSECTS 
Dracophyllum uniflorum 
Galium tenuicaulis 
Senecio scorzoneroides 
Geranium microphyllum 
Ranunculus lyallii 
Epilobium chloriphyllum 
Ranunculus lappaceus 
Ourisia macrophylla 
Trisetum youngii 
Hydrocotyle novae-zelandiae 
Lachnagrostis filiformis 
Hypnum cupressiforme 
Gentiana patula 
Peltigera canina 
Cladonia spp • 

!Ii 

-487-

COvER 

22 
18 
10 

7 
6 
5 
8 
8 
6 
6 
4 
2 
2 
2 
2 

38 
108 

8 
7 
6 
6 
6 
5 
2 

46 

24 

T2 - young alluvial cone 

SPECIES 

0-10 em 
Anisotome aromatica 
Poa colensoi 
Dicranoloma robustum 
Chionochloa rubra 
Blechnum penna-marina 
Cotula squalida 
Gentiana patula 
Mazus radican.s 
Pratia angulata 
Hypnum cupressiforme 
L~tter 
TOTAL PLANT COVER 

10-60 em 
Coprosma cheesmanii 
Chionochloa rubra 
Chionochloa pallens 
Hebe subalpina 
Senecio scorzoneroides 
Trisetum antarcticum 
Hierochloe alpina 
Poa cockayniana 
Festuca matthewsii 
TOTAL PLANT COVER 

60 em - 2 m 
Chionochloa rubra 

OTHER SPECIES NEAR TRANSECTS 
Carmichaelia grandiflora 
Coprosma rugosa 
Dracophyllym uniflorum 
Aciphylla horrida 
Gaultheria depressa 
Celmisia armstrongii 
Ourisia macrocarpa 
Ranunculus lyallii 
Carex gaudichaudiana 
Luzula picta 
Lachnagrostis filiformis 
Celmisia gracilenta 
Oreomyrrhis colensoi 
Epilobium chlorifolium 
Galium perpusillum 
Schizeilema hydrocotyloides 
Hydrocotyle novae-zelandiae 
Geranium microphyllum 

% COvER 

24 
22 
18 
10 

8 
6 
4 
4 
2 
2 

56 
100 

20 
12 

4 
2 
2 
2 
2 
2 

58 

36 



T3 - medium age alluvial terrace 

SPECIES 

0-10 cm 
Chionochloa rubra 
Chionochloa pallens 
Dracophyllym uniflorum 
Anisotome aromatica 
Hymenophyllum multifidum 
Celmisia armstrongii 
Celmisia discolor 
Blechnum penna-marina 
Senecio bellidioides 
Liparophyllum (7) gunnii 
Poa colensoi 
Lepidozia sp. 
Lil:.ter 
TOTAL PLANT COVER 

10-60 em 
Coprosma cheesemanii 
Chionochloa rubra 
Chionochloa pallens 
Dracophyllum uniflorum 
Celmisia armstrongii 
Trisetum antarcticum 
Hierochloe alpina 
TOTAL PLANT COVER 

60 em - 2 m 
Dracophyllum uniflorum 
Chionochloa rubra 
Chionochloa pallens 
Coprosma pseudocuneata 
Coprosma serrulata 
TOTAL PLANT COVER 

2-5 m 
Dracophyllum uniflorum 

OTHER SPECIES NEAR TRANSECT 
Dracophyllum longifolium 
Myrsine divaricata 
COQrosma parviflora 
Podocarpus nivalis 
Hebe macrantha 
Olearia lacunosa 
Coprosma crenulata 
Myrsine nummularia 
Phormium cookianum 
Astelia nervosa 
Aciphylla horrida 
Celmisia semicordata 
Ranunculus lyallii 
Aporostylis bifolia 
Forstera tenella 
Craspedia uniflora 
Cotula squalida 
Uncinia gracilenta 
Luzula crinita 

% COVER 

10 
10 

8 
6 
6 
4 
4 
2 
2 
2 
2 
2 

82 
58 

26 
14 
14 
10 

4 
2 
2 

72 

22 
8 
2 
2 
2 

36 

6 
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T4 - old alluvial cone 

SPECIES 

0-10 em 
Dacrydium laxifolium 
Chionochloa rubra 
Chionochloa pallens 
Dracophyllum uniflorum 
Celmisia gracilenta 
Anisotome aromatica 
Celmisia discolo.r 
Viola cunninghamii 
Dicranoloma robustum 
Lycopodium fasti~iatum 
Pentachondra pum~la 
Oreobolus strictus 
Celmisia glandulosa 
Senecio bellidiodes 
Myrsine nummularia 
Hierochloe alpina 
Carpha alpina 
Aporostylis bifolia 
Hymenophyllum multifidum 
Lepidozia sp. 
Lophocolea sp. 
Litter 
TOTAL PLANT COVER 

10-60 em 
Chionochloa rubra 
Chionochloa pallens 
Dracophyllum uniflorum 
Coprosma pseudocuneata 
Coprosma cheesemanii 
Celmisia armstrongii 
Podocarpus nivalis 
Ranunculus lyallii 
TOTAL PLANT COVER 

60 em - 2 m 
Dracophyllum uniflorum 
Chionochloa rubra 
Phormium cookianum 
TOTAL PLANT COVER 

OTHER SPECIES NEAR TRANSECT 
Dracophyllum longifolium 
Phyllocladus alpinus 
Olearia lacunosa 
Senecio bennettii 
Coprosma parviflora 
Coprosma serrulata 
Coprosma crenulata 
Pimelia sp. 
Gaultheria crassa 
Gaultheria depressa 
Coprosma pumila 
Forstera tenella 
Viola filicaulis 
Craspedia uniflora 
Drosera arcturi 
Donatia novae-zelandiae 
Blechnum penna-marina 
Pratia angulata 
Rytidosperma nigricans 
Microlaena colensoi 
Schoenus pauciflorus 
Uncinia gracilenta 
Scirpus cernuus 
Chionochloa crassiuscula 

% COVER 

22 
10 

4 
4 
8 
8 
6 
6 
6 
4 
4 
4 
4 
2 
2 
2 
2 
2 
2 
2 
2 

40 
106 

10 
6 
6 
4 
4 
2 
2 
2 

38 

14 
6 
2 

22 



T5 - small terrace remnant 

SPECIES 

0-10 cm 
Hymenophyllym multifidum 
Dicranoloma robustum 
Forest bryophytes 
Podocarpus nivalis 
Chionochloa pallens 
Dracophyllum uniflorum 
Celmisia armstrong.u' 
Myrsine nummularia 
Abrotanella linearis 
Pentachondra pumila 
Anisotome aromatica 
Oreobolus strictus 
Schoenus pauciflorus 
Uncinia gracilenta 
Rhacomitrium sp. 
Pseudocyphelaria sp. 
Bare ground 
Litter 
TOTAL PLANT COVER 

10-60 cm 
Podocarpus nivalis 
Dracophyllum uniflorum 
Coprosma crenulata 
Phyllocladus alpinus 
Coprosma pseudocuneata 
Chionochloa pallens 
Phormium cookianum 
Gaultheria crassa 
Astelia nervosa 
Celmisia armstrongii 
Chionochloa rubra 
Blechnum capense 
TOTAL PLANT COVER 

60 cm - 2 m 
Dracophyllum uniflorum 
Archeria traversii 
Dacrydium biforme 
Podocarpus nivalis 
Phyllocladus alpinus 
Coprosma pseudocuneata 
Olearia colensoi 
TOTAL PLANT COVER 

2-5 m 
Dracophyllum longifolium 

OTHER SPECIES NEAR TRANSECT 
Libocedrus bidwillii (2 saplings) 
Olearia lacunosa 
Pseudopanax colensoi 
Senecio bennettii 
Coprosma serrulata 
Chionochloa flavescens 
Gaultheria depressa 
Celmisia discolor 
Celmisia gracilenta 
Senecio bellidioides 
Gentiana patula 
Anisotome haastii 
Aporostylis bifolia 
Forstera tenella 
Lycopodium australianum 
Lycopodium fastigiatum 
Oreobolus pectinatus 
Hierochloe alpina 
Grammitis billardieri 

% COVER 

22 
12 
10 
10 

4 
4 
4 
4 
4 
2 
2 
2 
2 
2 
2 
2 
4 

28 
86 

22 
10 

8 
6 
6 
4 
4 
4 
4 
4 
2 
2 

56 

6 
4 
2 
2 
2 
2 
2 

20 

2 
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T6 - old bedrock bench 

SPECIES 

0-10 cm 
Podocarpus nivalis 
H~menophyllum multifidum 
D~cranoloma robustum 
Forest bryophytes 
Myrsine nummularia 
Pentachondra pumila 
Gaultheria depressa 
DracophylluIQ uniflorunl 
Chionochloa rubra 
Oreobolus strictus 
Celmisia discolor 
Coprosma Eumila 
Rhacomitr~um lannginosum 
Bare ground 
Litter 
TOTAL PLANT COVER 

10-60 em 
Podocarpus nivalis 
Phyllocladus alpinus 
Dracophyllum uniflorum 
Coprosma pseudocuneata 
Chionochloa rubra 
Coprosma crenulata 
Chionochloa c.f. rigida 
Blechnum capense 
Epiphytic bryophytes 
Epiphytic lichens 
TOTAL PLANT COVER 

60 em - 2 m 
Dracophyllum uniflorum 
Coprosma Qseudocuneata 
Phylloclaaus alpinus 
Archeria traversii 
Chionochloa rubra 
TOTAL PLANT COVER 

2-5 m 
Dracophyllum longifolium 

OTHER SPECIES NEAR TRANSECT 
Dacrydium biforme 
Olearia lacunosa 
Senecio bennettii 
Olearia colensoi 
Pseudopanax colensoi 
Pseudopanax linearis 
Coprosma serrulata 
Gaultheria crassa 
Chionochloa flavescens 
Chionochloa crassiuscula 
Phormium cookianum 
Astelia nervosa 
Celmisia armstrongii 
Celmisia gracilenta 
Forstera tenella 
Abrotanella linearis 
Drosera arcturi 
Senecio bellidioides 
Aporostylis bifolia 
Gentiana patula 
Anisotome aromatica 
Anisotome haastii 
Schoenus pauciflorus 
Oreobolus pectinatus 
Microlaena colensoi 
Carpha alpina 
Cladonia spp. 
Siphula spp. 

% COVER 

20 
16 
14 
10 

6 
6 
4 
2 
2 
2 
2 
2 
2 
2 

40 
92 

36 
10 

6 
4 
4 
4 
2 
2 
2 
2 

72 

8 
4 
2 
2 
2 

24 

2 



Moraine near Reckless Torrent 

SPECIES 

0-10 em 
Forest bryophytes 
Podocarpus nivalis 
Astelia nervosa 
M~rsine divaricata 
G~ngidium spp. 
Litter 
TOTAl, PLANT COVER 

10-60 em 
1 Podocarpus nivalis 
i Coprosma pseudocuneata 
! Astel ia nervosa 
. Olearia colensoi 

Podocarpus hallii 
Myrsine divaricata 
Phormium cookianum 
Coprosma propinqua 
Phyllocladus alpinus 
Pseudopanax colensoi 
Dracophyllum longifolium 
Blechnum capense 
Archeria traversii 
TOTAL PLANT COVER 

60 em - 2 m 
Coprosma pseudocuneata 
Myrsine divaricata 
Archeria traversii 
Dracophyllum traversii 
Olearia colensoi 
Dracophyllum longifolium 
Podocarpus hallii 
Chionochloa rubra 
Astelia nervosa 
Libocedrus bidwillii 
TOTAL PLANT COVER 

2-5 m 
Coprosma pseudocuneata 
Dracophyllum traversii 
Archeria traversii 

I Phyllocladus alpinus 
Olearia lacunosa 
Dracophyllum longifolium 

, Dacryaium biforme 
J Myrsine divaricata 
, Podocarpus hallii 

Libocedrus bidwillii 
TOTAL PLANT COVER 

5-7.5 m 
Dracophyllum traversii 

OTHER SPECIES NEAR TRANSECT 
Dracophyllum uniflorum 
Olearia ilicifolia 
Pseudopanax simplex 

I Pseudopanax crassifolius 
Hoheria glabrata 
Chionochloa pallens 
Chionochloa conspicua 
Celmisia armstrongii 
Hebe sp. 
Gaultheria rupestris 
Ourisia macrocarpa 
Gaultheria crassa 

i Polystichum vestitum 
, Uncinia gracilenta 
: Gentiana patula 
, Lycopodium spp. 

% COVER 

44 
12 

4 
2 
2 

72 
64 

32 
24 
20 
16 
10 

6 
6 
4 
2 
2 
2 
2 
2 

128 

30 
10 
10 

8 
8 
4 
2 
2 
2 
2 

78 

20 
20 
12 

8 
8 
6 
6 
6 
2 
2 

90 

4 

-490-

T7 - alluvial cone on Tarkus Knob 

SPECIES % C(jVE~ 

0-10 em 
Donatia novae-zelandiae 22 
Chionochloa rubra 16 
Carpha alpina 12 
Celmisia glandulosa 6 
Celmisia gracilenta 4 
Pentachondra pumila 2 
Celmisia discolor 2 
Anistome aromatica 2 
Forstera sedifolia 2 
Schoenus pauciflorus 2 
Deyeuxia aucklandica 2 
Scirpus aucklandicus 2 
Dicranoloma robustum 2 
Other bryophytes 2 
Li tter 24 
TOTAL PLANT COVER 76 

10-60 em 
Chionochloa rubra 10 
Schoenus pauciflorus 8 
Dacrydium laxifolium 4 
Dracophyllym longifolium 2 
Coprosma crenulata 2 
Chionochloa pallens 2 
TOTAL PLANT COVER 30 

60 em - 2 m 
Chionochloa rubra 6 

OTHER SPECIES NEAR THE TRANSECT 
Myrsine nummularia 
Coprosma cheesemanii 
Dracophyllum uniflorum 
Phyllachne colensoi 
Centrolepis ciliata 
Drosera arcturi 
Coprosma pumila 
Astelia linearis 
Celmisia armstrongii 
Senecio bellidioides 
Hierochloe alpina 
L1coPodium fastigiatum 
C adia leptoclada 



S1 - very young debris slide on SW flank 
of Tarkus Knob 

SPECIES I!i COVER 

0-10 em 
Bryophytes 
Ourisia macrophylla 
Chionochloa pallens 
Gaultheria depressa 
Helichrysum bellidioides 
Nertera depressa 
Forstera tenella 
Lycopodium fasti~iatum 
Anisotome haasti~ 
Coprosma pumila 
Dendroligotrichum dendroides 
Cladonia sp. 
Litter 
TOTAL PLANT COVER 

10-60 em 
Carmichaelia grandiflora 
Olearia colensoi 
Chionochloa pallens 
Dracophyllum longifolium 
Coprosma depressa 
Festuca matthewsii 
Dracophyllum uniflorum 
Olearia ilicifolia 
Chionochloa flavescens 
Phormium cookianum 
Gaultheria crassa 
Polystichum vestitum 
Blechnum capense 
TOTAL PLANT COVER 

60 em - 2 m 
Carmichaelia grandiflora 
Olearia arborescens 
Olearia colensoi 
Archeria traversii 
Dracophyllum longifolium 
Hebe subalpina 
TOTAL PLANT COVER 

2-5 m 

34 
18 

4 
4 
4 
4 
4 
4 
2 
2 
2 
2 

40 
84 

24 
18 
16 

8 
8 
4 
2 
2 
2 
2 
2 
2 
2 

92 

8 
6 
4 
4 
2 
2 

Dracophyllum longifolium 14 
Olearia colensoi 4 
TOTAL PLANT COVER 18 

OTHER SPECIES NEAR TRANSECT 
Dracophyllum traversii (young plants) 
Coprosma pseudocuneata 
Coprosma rugosa 
Coprosma serrulata 
Olearia lacunosa 
Parahebe lyallii 
Chionochloa conspicua 
Celmisia semicordata 
Astelia nervosa 
Celmisia coriacea 
Ourisia macrocarpa 
Pratia angulata 
Senecio scorzoneroides 
Geum parviflorum 
Gunnera monoica 
Epilobium sp. 
Lycopodium scariosum 
Hierochloe sp. 
Luzula crinita 
Poa colensoi 
Uncinia gracilenta 
Schoenus pauciflorus 
Stereocaulon ramulosum 
Dicranoloma robustum 

-491-

S2 - young debris avalanche behind Cropp 
Hut 

SPECIES 

0-10 em 
Blechnum capense 
Phormium cookianum 
Astelia nervosa 
Jovellana sinclairii 
Uncinia angustifolia 
Hoheria glabrata 
Lycopodium scariosum 
Bryophytes 
Litter 
TOTAL PLANT COVER 

10-60 em 
Blechnum capense 
Dracophyllum longifolium 
Phormium cookianum 
Astelia nervosa 
Coprosma pseudocuneata 
Chionochloa conspicua 
Archeria traversii 
Gaultheria rupestris 
Coprosma depressa 
Senecio bennettii 
Pseudopanax simplex 
Coprosma serrulata 
TOTAL PLANT COVER 

60 em - 2 m 
Coprosma pseudocuneata 
Blechnum capense 
Archeria traversii 
Dracophyllum longifolium 
Phormium cookianum 
Dracophyllum traversii 
Libocedrus bidwillii 
Coprosma ciliata 
Dracophyllum uniflorum 
Gaultheria rupestris 
Coprosma serrulata 
Chionochloa conspicua 
TOTAL PLANT COVER 

2-5 m 
Coprosma pseudocuneata 
Olearia lacunosa 
Dracophyllum longifolium 
Coprosma ciliata 
Dracophyllum traversii 
Olearia colensoi 
Olearia arborescens 
TOTAL PLANT COVER 

5-7.5 m 
Dracophyllum longifolium 
Olearia lacunosa 
Hebe salicifolia 
Hoheria glabrata 
TOTAL PLANT COVER 

OTHER SPECIES NEAR TRANSECT 
Dacrydium biforme 
Phyllocladus alpinus 
Podocarpus hallii 
Myrsine divaricata 
Coprosma foetidissima 
Carmichaelia grandiflora 
Hebe subalpina 
Cyathea colensoi 
Ourisia macrocarpa 
Anisotome haastii 
Hymenophyllum sp. 
Hypolepis millefolium 
Grammitis billardieri 
Uncinia ~Pl: 
Luzula p~c a 

% COVER 

6 
4 
2 
4 
4 
2 
2 
6 

70 
30 

12 
10 

8 
6 
6 
6 
4 
2 
2 
2 
2 
2 

62 

14 
8 
6 
4 
4 
2 
2 
2 
2 
2 
2 
2 

50 

28 
22 
16 

4 
2 
2 
2 

76 

20 
2 
2 
2 

26 



S3 - short, steep riser between T2 and 
T4 

I SPECIES 

j 0-10 em 
Astelia nervosa 
Blechnum capense 
Celrnisia armstrongii 

i Ourisia macrophylla 
Oxalis lactea 
Dendroligotrichum dendroides 
Other bryophytes 
Litter 

~ TOTAL PLANT COVER 

; 10-60 em 
Astelia nervosa 

i Polystichum vestitum 
1 Phyllocladus alpinus 

Podocarpus nivalis 
Phorrniurn cookianurn 
Myrsine divaricata 
Dracophyllum uniflorurn 
COpros~a pseudoc~~eata 
Archer~a travers~~ 

, Podocarpus hallii 
: Coprosrna depressa 
. Chionochloa pallens 

TOTAL PLANT COVER 

60 em - 2 m 
~ Coprosma pseudocuneata 
Archeria traversii 
Dracophyllurn uniflorurn 
Myrsine divaricata 
Olearia lacunosa 
Phyllocladus alpinus 
Olearia colensoi 
Podocarpus nivalis 
Coprosrna ciliata 
Coprosrna serrulata 
TOTAL PLANT COVER 

2-5 m 
Olearia lacunosa 
Dracophyllurn longifolium 
Coprosma pseudocuneata 
Dracophyllurn uniflorurn 
Phyllocladus alpinus 
Archeria traversii 
Dracophyllurn traversii 
TOTAL PLANT COVER 

5-7.5 m 
Dracophyllum longifolium 
Olearia lacunosa 
TOTAL PLANT COVER 

OTHER SPECIES NEAR TRANSECT 
Pseudopanax colensoi 
Aristotelia fruticosa 

, Olearia ilicifolia (seedling) 
Senecio bennettii 
Coprosma crenulata 
Hebe subalpina 
Dacr~dium laxifolium 
Mgrs~ne nurnrnularia 
Gaultheria depressa 
Ranunculus lyallii 
Ourisia rnacrocarpa 
Anisotome haastii 
Celmisia discolor 
Pratia angulata 

I Anisotome aromatica 
Aporostylis bifolia 
Hierochloe sp. 
Uncinia angustifolia 
Luzula cri'nita " Hymenopny lum mult~f~d~ 
Hymenophyllum sp. (ep1phyte) 
Grarnrnitis billardieri 
Blechnum penna-marina 

'Ii COVER 

4 
2 
2 
2 
2 
2 

20 
66 
34 

10 
10 

6 
6 
6 
4 
4 
2 
2 
2 
2 
2 

58 

36 
8 
8 
6 
2 
2 
2 
2 
2 
2 

80 

16 
12 

8 
6 
4 
4 
2 

52 

4 
2 
6 
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S4 - old debris avalanche on SW flank of 
Tarkus Knob 

SPECIES 'Ii COVER 

0-10 em 
Dendroligotrichurn dendroides 12 
Other forest bryophytes 12 
Astelia nervosa 4 
Grarnrnitis billardieri 4 
Litter 78 
TOTAL PLANT COVER 28 

10-60 em 
Astelia nervosa 16 
Blechnurn capense 8 
co~rosrna serrulata 4 
TO AL PLANT COVER 28 

60 em - 2 m 
Olearia colensoi 12 
Coprosrna pseudocuneata 8 
Podocarpus nivalis 8 
Dracophyllurn traversii (trunks) 4 
Archeria traversii 4 
Phorrnium cookianum 4 
TOTAL PLANT COVER 40 

2-5 m 
Olearia colensoi 32 
Coprosma fseudocuneata 28 
Dracophyl um traversii 20 
Archeria traversii 16 
Phyllocladus alpinus 16 
Dracophyllum longifoliurn 12 
Libocedrus bidwilli 8 
TOTAL PLANT COVER 132 

5-7.5 m 
Dracophyllurn traversii 8 
Dracophyllurn longifolium 8 
Olearia lacunosa 4 
Phyllocladus alpinus 4 
TOTAL PLANT COVER 24 

OTHER SPECIES NEAR TRANSECT 
Pseudopanax linearis 
Myrsine divaricata 
pseudopanax colensoi (yount plants) 
Senecio bennettii (young pants) 
Cyathea colensoi 
Polystichum vestiturn 
Hymenophyllum multifidurn 
Lycopodiurn variurn (epiphyte) 
Anisotorne haastii 
Ourisia rnacrophylla 
Uncinia gracilenta 
Pseudocyphelaria spp. 



55 - short steep riser between T4 and 
T5 

SPECIES % COVER 

0-10 em 
Dendroligotrichum dendroides 
Other bryophytes 
Blechnum capense 
Archeria traversii (trunks) 
Dracophyllum traversii (trunks) 
Dicranoloma robustum 
Litter 

. TOTAL PLANT COVER 

10-60 em 
Blechnum capense 
Astelia nervosa 
Podocarpus hallii 
Dracophyllum lon~ifolium (trunks) 
Podocarpus nival~s 
Myrsine divaricata 
Phormium cookianum 
TOTAL PLANT COVER 

60 em - 2 m 
Coprosma pseudocuneata 
Archeria traversii 
Phyllocladus alpinus 
Dracophyllum longifolium 
Dracophyllum uniflorum 
Phormium cookianum 
Libocedrus bidwillii 
Dracophyllum traversii 
Podocarpus nivalis 
Blechnum capense 
TOTAL PLANT COVER 

2-5 m 
Dracophyllum traversii 
Dracophyllum longifolium 
Olearia lacunosa 
Archeria traversii 
Olearia colensoi 
Phyllocladus alpinus 
Pseudopanax linearis 
Myrsine divaricata 
Dracophyllum uniflorum 
TOTAL PLANT COVER 

5-7.5 m 
Libocedrus bidwillii 

OTHER SPECIES NEAR TRANSECT 
Pseudopanax colensoi 
Senecio bennettii 
Gaultheria rupestris 
Myrsine nummularia 
Coprosma "spathulate" leaves 
Polystichum vestitum 
Celmisia armstrongii 
Anisotome haastii 
Ourisia macrophylla 
Pratia angulata 
Hymenophyllym multifidum 
Grammitis billardieri 
Lycopodium australianum 
Uncinia grac:i1enta 

12 
10 

4 
2 
2 
2 

70 
32 

20 
8 
6 
2 
2 
2 
2 

42 

30 
24 

8 
6 
6 
4 
2 
2 
2 
2 

88 

8 
8 
8 
8 
8 
6 
4 
2 
2 

54 

2 
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56 - ridge between Hut Flat and Hut Creek 

SPECIES 

0-10 em 
Forest bryophytes 
Dicranoloma robustum 
Forest lichens 
Phormium cookianum 
Dacrydium biforme (trunks) 
Archeria traversii (trunks) 
Coprosma pseudocuneata 
Podocarpus hallii 
Astelia nervosa 
Litter 
TOTAL PLANT COVER 

10-60 em 
Phormium cookianum 
Astelia nervosa 
Archeria traversii 
Coprosma rhamnoides 
Blechnum capense 
TOTAL PLANT COVER 

60 em - 2 m 
Coprosma pseudocuneata 
Phormium cookianum 
Phyllocladus alpinus 
Archeria traversii 
Dracophyllym longifolium (trunks) 
Dacrydium biforme 
Olearia lacunosa 
Podocarpus hallii 
Coprosma foetidissima 
Olearia colensoi 
Pseudopanax linearis (trunks) 
TOTAL PLANT COVER 

2-5 m 
Archeria traversii 
Coprosma pseudocuneata 
Dacrydium biforme 
Phyllocladus alpinus 
Dracophyllum traversii 
Libocedrus bidwillii 
Pseudopanax linearis 
Podocarpus hallii 
Dracophyllym longifolium 
Myrsine divaricata 
TOTAL PLANT COVER 

5-7.5 m 
Dracophyllum traversii 
Dacrydium biforme 
Libocedrus bidwillii 
Phyllocladus alpinus 
Dracophyllum longifolium 
Archeria traversii 
TOTAL PLANT COVER 

OTHER SPECIES NEAR TRANSECT 
Coprosma ciliata 
Pseudopanax simplex 
Senecio bennettii 
Podocarpus nivalis 
Ourisia macrophylla 
Lycopodium volubile 
Hymenophyllum multifidum 
Asplenium flaccidum 
Aporostylis bifolia 
Uncinia gracilenta 
Chionochloa sp. (seedling) 
Dendroligotrichum dendroides 

% COVER 

8 
4 
4 
4 
2 
2 
2 
2 
2 

70 
30 

6 
4 
2 
2 
2 

16 

12 
6 
4 
4 
2 
2 
2 
2 
2 
2 
2 

34 

20 
14 
12 
12 
10 

6 
6 
2 
2 
2 

66 

10 
8 
4 
4 
4 
2 

32 
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57 - steep, tussock covered hills lopes 
at Hut Flat 

SPECIES 

0-10 em 
Chionochloa Eallens 
Cotula squal~da 
Craspedia uniflora 
Oxalis lactea 
Gaultheria depressa 
Anisotome aromatica 
Uncinia sp. 
Caltha novae-zealandiae 
Lagenifera petiolata 
Dicranoloma robustum 
Other bryophytes 
L1tter 
TOTAL PLANT COVER 

10-60 em 
Chionochloa pallens 
Carmichaelia grandiflora 
Blechnum capense 
Ranunculus lyallii 
Polystichum vestitum 
Chionochloa flavescens 
Coprosma cheesemanii 
Phorrnium cookianum 
Senecio scorzoneroides 
Anisotome haastii 
Ourisia macrocarpa 
Dracophyllum longifolium 
Coprosma depressa 
Hierochloe recurvata 
TOTAL PLANT COVER 

60 em - 2 m 
Chionochloa pallens 
Chionochloa flavescens 
Carmichaelia grandiflora 
TOTAL PLANT COVER 

OTHER SPECIES NEAR TRANSECT 
Dracophyllum uniflorum 
Olearia ilicifolia 
Olearia colensoi 
Hoheria glabrata 
Hebe subalpina 
Coprosma serrulata 
Gaultheria rupestris 
Olearia lacunosa 
Myrsine nummularia 
Celmisia armstrongii 
Celmisia semicordata 
Hypolepis millefolium 
Aciphylla horrida 
Celmisia haastii 
Astelia nervosa 
Helichrysum bellidiodes 
Pratia angulata 
Lachnagrostis filiformis 
Trisetum antarcticum 
Deyeuxia aucklandica 
Lycopodium australianum 
Geum parviflorum 
Viola cunninghamii 
Hydrocotyle novae-zelandiae 

% COVER 

12 
6 
4 
4 
2 
2 
2 
2 
2 
2 

24 
54 
68 

46 
14 
10 
10 

8 
6 
6 
2 
2 
2 
2 
2 
2 
2 

114 

22 
4 
2 

30 

510 - site of old shallow soil over bedrocl 

SPECIES 

0-10 em 
HymenofhyllUm multifidum 
Pernet ya macrostigma 
Chionochloa rubra 
Lycopodium australianum 
Anisotome aromatica 
Aporostylis bifolia 
Dicranoloma robustum 
Other bryophytes 
Lichens 
Litter 
TOTAL PLANT COVER 

10-60 em 
Podocarpus nivalis 
Olearia colensoi 
Dacr~dium biforme 
Archeria traversii 
Blechnum capense 
Celmisia armstrongii 
Dracophyllum uniflorum 
Coprosma pseudocuneata 
Phyllocladus alpinus 
Myrsine nummularia 
Coprosma crenulata 
Chionochloa rubra 
Chionochloa pall ens 
Schoenus pauciflorus 
Astelia nervosa 
Phormium cookianum 
Anisotome haastii 
TOTAL PLANT COVER 

60 em - 2 m 
Olearia colensoi 
Dacrydium biforme 
Dracophyllum uniflorum 
Dracophyllum longifolium 
Coprosma pseudocuneata 
Chionochloa rubra 
Chionochloa pallens 
TOTAL PLANT COVER 

OTHER SPECIES NEAR TRANSECT 
Dracophyllum traversii 
Pseudopanax linearis 
Olearia lacunosa 
Pseudopanax colensoi 
Senecio bennettii seedlings 
Myrsine divaricata 
Chionochloa flavescens 
Coprosma serrulata 
Gaultheria depressa 
Coprosma depressa 

% COVER 

6 
4 
2 
2 
2 
2 
2 

20 
4 

56 
44 

30 
10 

8 
8 
6 
4 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

88 

12 
8 
8 
4 
2 
2 
2 

38 

Gaultheria depressa x Pernettya macrostigm, 
Celmisia discolor 
Senecio bellidiodes 
Gentiana patula 
Coprosma pumila 
Oreobolus strictus 
Forstera tenella 
Abrotanella linearis 
Hie:cochloe recurvata 
Celmisia gracilenta 
Astelia linearis 
Sphagnum sp. 
Pentachondra pumila 
Carpha alpina 
Blechnum penna-marina 
Lydopodium fastigiatum 
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