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Hill country in eastern South Island has potential for increased 

primary production. Reconnaissance surveys have delineated the soil 

resource into broadly defined mapping units. The objectives of this 

study were to establish models of soil landscape relationships for 

two such units. 

Soil resource surveys may be divided into three phases; 

research, field survey, and interpretation. A research phase involves 

the synthesis of soil landscape models. An analytical procedure 

applicable to hill country is outlined and followed in this study. 

In the eastern hill country of the central South Island, the 

bedrock regolith is predominantly formed in fractured, weakly to 

moderately weathered, indurated, sandstones and interbedded siltstones. 

The two areas studied in detail, Coopers Creek Research Area (Hurunui 

steepland soils) and Mt Pleasant, Hunua (Haldon steepland soils) have 

temperate climates with annual rainfalls of l400rnrn and 700rnrn 

respectively, and semi-improved grassland vegetation. Soils are 

developed in stratified coarse stony colluvium, with little evidence 

of soil periodicity. Soil catenary relationships within first order 

valley basins, and soil development on south and north aspects were 

evaluated from laboratory analyses of 36 soil profiles and supporting 

field studies. 

The results obtained are summarised below: 

The first order valley basin was a suitable apriori 

model. Properties of the debris mantle regolith were strongly influenced 

by the lithology, stratigraphy and structure of the bedrock regolith. 

The debris mantle was shallower (O-50cm) on noses and thicker (1-3m) 

in hollows. Where outcrops of bedrock were less numerous, a 
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sedimentological differentiation between nose and hollow was recognised 

with the latter having a higher volume of stones and gravels. The 

spatial variations in thickness, and in the skeletal and fine earth 

texture profiles characteristic of the debris mantle, determined 

the form and distribution of soil profile classes. 

The key criteria for these classes were; soil horizon 

sequence, solum depth, and skeletal and fine earth texture profiles. 

Of the 35 classes recognised, 27 occurred in the two detailed study 

areas. The distribution of soil profile classes was different on 

noses and similar in hollows, at both Coopers Creek and Mt pleasant. 

The soil pattern was delineated into 7 compound soil 

mapping units, at a map scale of 1:4000, at the former and into 3 at 

the latter area. It is suggested that, both Hurunui and Haldon 

steepland soils are defineable as associations, within which both 

catena and complex delineated landscape bodies may be differentiated. 

Soils, with similar morphology, occurring on different 

aspects, or on noses or hollows within an aspect, could differ in 

soil chemical properties and this is illustrated by their taxonomic 

classification as either Dystrochrepts or Hapludolls. 

Catenary differentiation of soil chemical properties, 

within or between nose and hollow transects, were recognised and 

differed between aspects at Coopers Creek, but were not evident on either 

aspect at Mt Pleasant. The above contrasts between the two areas are 

caused by differences in leaching conditions, on south and north 

aspects. 

Umbric Dystrochrepts occurred in catenary relationship 

with Aquic Hapludolls and/or Typic Haplumbrepts at Coopers Creek 

(Hurunui association), while Lithic Dystrochrepts were subdominant 

on noses and interfluves. At Mt Pleasant (Haldon association) Typic 

Hapludolls were dominant in hollows and Lithic Hapludolls on noses and 

interfluves. Family criteria were loamy skeletal, mixed, mesic for 

all soil taxa. 
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The relative development of soils, with respect to south 

and north aspects could be interpreted by combining results of this 

study with previous hill country studies in the eastern South Island. 

It is concluded, that the relative stage of leaching and soil 

development, on south and north aspects, changed from being 

comparable, to being more advanced on south aspects, to becoming more 

advanced on north aspects, as annual rainfall increased from 700 to 

l400mm. 



Photograph l a o Landscape , Hurunui s t eepland soils , Cooper s Creek 

Research Area . 
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Photograph lb . Landscape , Ha l don steepland soils , Hunua , Doctors Hills . 
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1. 

CHAPTER 1 

INTRODUCTION 

The hill country of the eastern South Island is an area with 

potential for increased pastoral production (N.R.A.C., 1977). There is 

an incomplete knowledge of the factors that may affect the realisation of 

this potential production (Molloy, 1980; Radcliffe, 1982). Within the 

Marlborough and Canterbury land districts the hill country can be divided 

into western and eastern regions (Vucetich, 1969). Soils developed from 

sandstones and siltstones of the Canterbury Suite (Andrews et a1., 1976) 

predominate in both of these regions. The dominant soil sets 

(New Zealand Soil Bureau, 1968a) are listed in Table 1. 

SOIL SET ALTITUDE RAINFALL I AREA 
(m) mm. yr- 1 (ha) 

Omarama lOa 300 to 850 460 to 760 97 900 

Tengawai 24a 150 to 1100 510 to 760 76 100 
24aH 

Haldon 24 150 to 600 640 to 890 103 200 

Hurunui 41a 150 to 920 690 to 1140 358 600 
41aH 

Tekoa 57a 370 to 1070 890 to 1400 296 200 
57aH 

Kaikoura 57 1070 to 1680 1020 to 1910 944 300 

Table 1. Dominant steepland and hill soil sets, formed on sandstones 

and siltstones in the eastern South Island. 

(New Zealand Soil Bureau, 1968a.) 

Of these soil sets (Table 1), the Haldon, and the non forest areas 

of the Hurunui and Tekoa sets are considered to have the greatest potential 

for improved pastoral production. The potential of the Omarama,and 

Tengawai sets is limited by an extreme summer soil moisture deficit while 

the Kaikoura set occurs above 1000m elevation, the approximate upper 

limit for improved pastoral farming. The combined area of the Haldon, 

Hurunui and Tekoa soil sets is 758 000 hectares. These reconnaissance 
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soil mapping units are described in New Zealand Soil Bureau (1968a). 

Further information is found in Gibbs et al. (1945, 1953), in the data 

base used in the compilation of the Land Inventory Worksheets 

(N.W.A.S.C.O., 1975-1979) and in a few detailed studies (Ives, 1970; 

Cuff, 1973; Harrison, 1982). 

1.1 OBJECTIVES OF THE STUDY 

(1) To review the literature related to soil development and 

distribution in hill country, with special reference to the eastern, 

central South Island of New Zealand. 

(2) To study soil development and distribution within first 

order drainage basins, selected to represent the Hurunui and Haldon 

steepland soils (soil sets 24 ahd 41a-41aH) . 
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CHAPTER 2 

REVIEW OF LITERATURE 

This is a selected review of literature relevant to the study of 

soil development and distribution within hill country formed on indurated 

sandstones and siltstones. Reviews of the literature on slope form and 

development published prior to 1970 are found in the books by Carson and 

Kirkby (1972) and Young (1972). Reviews of the literature on the 

relationships between geomorphology and pedology published prior to 1980 

are contained in the books by Birkeland (1974), Ruhe (1975) and Gerrard 

(1981). A review of the geomorphology of New Zealand appears in 

Soons and Selby (1982). Consequently it is proposed to review only 

those topics of relevance to this study and to refer to the reviews 

contained in the books cited where ever possible. 

2.1 GEOMORPHOLOGY OF HILL COUNTRY 

Hilly landscapes develop in response to the tectonic elevation of 

bed rock. These regions of higher relative relief are dissected by fluvial 

processes to form drainage patterns of varying geometries. Both the hill 

slope and the drainage basin are fundamental geomorphological units. 

There is a causal relationship between surficial weathering processes, 

including soil development, and the development of a~~~j profile. This 

relationship is expressed in the concepts of weathering limited and 

transport limited slope processes (Carson and Kirkby, 1972). A concept 

that is illustrated by the alternation of surface weathering followed by 

surface erosion, as a response to climatic perturbations (Bull, 1979). 

In the environments described by Bull, slope processes are determined by 

the relative balance between the rate of surface weathering to form a 

debris mantle and the rate at which this debris is eroded from slopes 

and deposited as a valley fill. 

Hilly landscapes may be viewed as open systems, in which there is 

a continual exchange of energy between the landscape and its environment. 

The application of systems concepts in geomorphology has been reviewed by 

Chorley (1962), Smalley and Vita-Finzi (1969), Chorley and Kennedy (1971) 

and with respect to slope development by Carson and Kirkby (1972) and 
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Young (1972). The processes affecting slope development, and soil 

development can seldom be measured from one point in time. The concept 

of time and space substitution is therefore used where spatial arrays of 

slope or soil systems that have different times of origin are examined. 
Lichty 

Schumm and bitchy (1965), in a study of drainage basin variables, 

distinguish cyclic, graded and steady time spans. Cyclic time refers to 

a very long time span, which encompasses an entire erosion cycle with 

the sequential changes in stream channel geometry and drainage basin 

form. At the other extreme, steady time refers to a very short time span, 
\ 

during which the geometry of the system shows imperceptible change" apart 

from the flow of water over and through the landscape. Because of the 

apparent steady state of landscape systems studied in steady time, the 

dynamics of slope processes have been studied by the substitution of 

space for time. For example in Savigear's (1952) classic study of slope 

evolution on marine cliffs, and similar studies of slope development in 

drainage basins (Carter and Chorley, 1961; Young, 1963; Welch, 1970). 

The concepts of space - time substitution is a fundamental assumption 

in the study of soil chronosequences (Jenny, 1961, 1980; stevens and 

Walker, 1970; Vreeken, 1975; Walker and Syers, 1976). The application 

of this concept however, both in studies of slope and soil development 

is limited by the scarcity of situations, which can be shown to have a 

simple, rather than complex evolutionary history (Carson and Kirkby, 1972; 

Vreeken, 1975). 

Hack (1960), in his study of erosional topography in humid 

temperate regions, suggested that some landscapes may exhibit a time 

independent form or exist in a hypothetical state of dynamic equilibrium, 

during which slope forms and processes are in a steady state. He inferred 

that the geometry of these landforms and their component slopes are 

essentially constant over long periods of time, although there is a net 

downward movement in the position of the landsurface. The development of 

time independent landforms is a function of the relative magnitude of 

available relief and the spacing of valleys (Young, 1963). Available 

relief is increased in regions, such as New Zealand, where much of the 

landscape is subject to progressive tectonic uplift (Suggate, 1965a). 

The hilly landscapes of the subhumid and humid, temperate regions of the 

southern North Island and eastern South Island of New Zealand, developed 

on the sandstones and siltstones of the Canterbury suite, exhibit a fine 
Q< a(lei b 

textured, erosional relief (Cotton, 1958), comparable to that in the .. 
regions studied by Hack (1960). In New Zealand slopes in these hilly 
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landscapes are characterised by convexo-rectilinear and convex-rectilinear

concave forms and have a superficial resemblance to the 'time independent 

slope forms' described by Hack (1960). 

2.1.1 The drainage basin as a unit of study 

Fluvially dissected hilly landscapes can be regarded as a nested 

hierarchy of drainage basins and their component landforms. Horton (1945) 

and Strahler (1952, 1964) recognised this hierarchial order in their 

description of drainage networks and their methods of morphometric 

analysis. The topographic and hydrological unity of a drainage basin 

provides a convenient and usually unambiguous topographic uni t, which can 

be subdivided on the basis of stream order and slope form (Gerrard, 1981). 

The first order drainage basin, with finger tip channels (Strahler, 1952), 

can be regarded as the smallest area, within the nested hierarchy of 

drainage basins. The area, bounded by topographic divides and higher 

order streams, functions as an open soil landscape system with respect to 

inputs of precipitation and energy and outputs of water and materials 

(Chorley, 1969; Huggett, 1975; Gerrard, 1981). The first order drainage 

basin therefore provides an objective unit of study for the examination 

of soil landscape relationships. This involves the three dimen$ional 

study of the nose, sideslope, hollow, inter basin area, and stream 

channel (Hack and Goodlett, 1960; Huggett, 1975). 

2.1.2 Bed rock geology of the hill country of the eastern South Island 

The major area of hill country and mountain lands, between the 

Waiauand Waitaki rivers are formed on quartzo-feldspathic sediments and 

metasediments of the 'Ibrlesse 1 Terrane I Canterbury Suite (Andrews et al., 

1976). Minor areas of hill country formed on Mesozoic and Cenozoic rocks 

that stratigraphically overlie the Canterbury Suite (Gregg, 1964; 

Gair, 1967) are not relevant to this study. They are therefore excluded 

from consideration. 

The rocks of the Canterbury Suite contain a wide range of 

lithotypes. Lithofacies relationships have been described in the 

Broken River basin (Andrews, 1974), but elsewhere these relationships are 

obscured by structural complexity or poor exposure. Eleven lithotypes 

have been described from studies in the eastern South Island and southern 

North Island (Bradshaw, 1972; Andrews et al., 1976). These lithotypes 

are listed in decreasing order of relative volumetric abundance. 

(1) The very thick bedded sandstone lithotype consists of 
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thick-bedded to almost non-bedded, massive, unfossiliferous, moderately 

sorted very fine to medium sandstone. Homogeneous or indistinctly 

laminated black mudstone forms very thin interbeds. Individual sandstone 

beds exceed 1.2m in thickness and sedimentary units of up to 450m thick 

have been described. 

(2) Two categories of graded bedded lithotypes are recognised. 

(a) Graded bedded sandstone with minor mudstone occurs in very 

thick units (> lOOOm), consisting of individual beds (O.lm to O.3m thick) 

of graded fine to very fine sandstone often separated by very thin beds 

of dark mudstone. 

(b) Graded bedded very fine sandstone with prominent mudstone is 

distinguished from lithotype (2) (a), by the subequal volumes of sandstone 

and mudstone. 

(3) Thin bedded siltstone lithotype occurs widely, especially in 

association with the thick-bedded sandstone. It consists of thin to very 

thin beds (O.lm -O.2m) of well sorted, coarse siltstone or silty fine 

sandstone alternating with black mudstone. The lithotype may form units 

BOm - 150m in thickness. 

(4) Black mudstone lithotype ~s less common than those previously 

described. It consists of black, massive mudstone with widely, but 

regularly spaced thin beds of moderately sorted fine or very fine sandstone 

throughout. Mudstone units up to 150m thick have been described. 

(5) Several types of conglomerate are cornmon in the Canterbury Suite, 

although they comprise only a modest proportion of the total rock volume. 

They form two groups: The first consists largely of angular to rounded, 

granule to boulder sized clasts of dark mudstone in a matrix of coarse to 

fine sand. Thin conglomerates of this type occur in the very thick-bedded 

sandstone lithotype. The second group consists of detrital conglomerates 

consisting of well rounded granule to boulder sized clasts of lithified 

sedimentary, igneous, and metamorphic rocks in a sandstone matrix. 

(6) Large scale, sedimentary slump lithotype is of localised 

occurrence and consists of slump displacement of other lithotypes. 

Their recognition is important for stratigraphic interpretations. 

(7) Pebbly mudstone is a minor lithotype. Several units, up to 

70m thick, of massive to indistinctly stratified pebbly mudstone, with 

clasts scattered throughout, have been reported in North Canterbury. 

(B) Red silty mudstone and green siltstone are minor lithotypes 

of widespread occurrence. 

(9, 10, 11) Volcanic association is a grouping of three minor 

lithotypes that commonly occur in close association or direct stratigraphic 



contact. The three lithotypes are; stratiform spilitic to basaltic 

volcanics, bedded cherts and limestone. 

7. 

Andrews (1974) and Andrews et al. (1976) have interpreted the 

diverse range of lithotypes within the Canterbury Suite to indicate: 

non marine, marginal marine and shallow marine environments of deposition 

that are widespread in the eastern part of the outcrop area. In the 

western part of the outcrop area, sediments indicating a probable deep 

marine environment are relatively common. Following deposition, the 

rocks of the Canterbury Suite were subjected to two major periods of 

deformation during the late Mesozoic, Rangitata Orogeny, and the late 
a. 

Cenozoic Kaikoura Orogeny (Suggate, 1965). This deformation is ,.. 

evidenced by several generations of folding and faulting, local large 

scale shearing of rocks to form melange and in the western part of 

the outcrop area, metamorphism of sedimentary lithotypes to form schists 

(Bradshaw, 1972; Sporli and Lillie, 1974; Spor1i and Bell, 1976). As a 

result of this deformation, bedding is disrupted and facies relationships 

are obscured. Beds are commonly steeply inclined with dips varying from 

500 to greater than 90
0

. Individual beds are fractured by minor faulting 

and there is bedding plane shearing of the less competent siltstone and 

mudstone between the competent sandstone beds. This fracturing and 

disruption changes the mechanical strength of beds and by allowing the 

entry of water and air facilitates weathering to form a regolith. The 

only detailed study of the complex structural relationships of lithotypes 

of the Canterbury Suite, in the eastern hiil country, is that of 

Bradshaw (1972). In this area, west of Hawarden in North Canterbury, 

there are north-east trending faults, which were reactivated during the 

Kaikoura Orogeny, resulting in a series of westward tilting fault blocks. 

The fault and structural pattern, especially of resistant sandstone 

outcrops, which form distinctive strike ridges, influence drainage basin 

and slope development. Recognition of the relationships between the 

geology and geomorphology of hil~ country are facilitated by studies of 

the structural geology (Bradshaw, 1972). 

In their description of the lithotypes in the Canterbury Suite, 

Andrews et al. (1976) emphasise rock texture, that is the sorting and 

size grade of detrital components. Tb_complete the description, the 

composition of the detrital components needs to be identified (Folk et al. 

1970). Previously terms such as greywacke and argillite, have been used 

as compound terms indicating detrital texture, sorting, composition and 

the induration of a particular sedimentary rock. Such terms have also 

been ascribed a genetic connotation. Tb assist in sedimentary rock 
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nomenclature and identification, Folk et al. (1970) have proposed a 

revised nomenclature in the form of a descriptive polynomial, which can be 

used in the field and confirmed in the laboratory. This nomenclature is 

adopted in this review. Many of the finer textured greywacke rocks in the 

Canterbury Suite would be described as "moderately sorted medium sandstone 

(textural description): feldsarenite (compositional description)". Many 

of the arenites are composed of detrital sand sized grains of quartz, 

sodic or potassic feldspar and rock fragments. Reed (1957) and 

Dickinson (1971) have studied the detrital composition of arenites of 

the Canterbury Suite. 

Sample number 1 2 3 4 5 6 7 

'lbtal quartzose grains % 28 31 35 38 42 47 50 

Total feldspar grains % 36 41 40 33 41 31 30 

'lbtal rock fragments % 36 28 25 29 17 22 20 

Location of samples 

Marlborough Canterbury Westland 

l. Mangamaunu 4. Arthurs Pass 6. Maruia River 

2. Goose Bay 5. Cora Lynn 7. Lewis Pass 

3. Ohau Stream 

Table 2. Volumetric detrital modes of representative arenites from 

the Canterbury Suite, South Island (adapted from 

Dickinson, 1971). 

In Dickinson's original table there is a more detailed analysis, which 

indicates that heavy detrital minerals such as pyroxene, hornblende, 

epidote, biotite, muscovite and other unidentified micas in the matrix 

components, together constitute between 8 to 20 percent of the volume of 

the arenites examined. Reed (1957) describes the detrital composition of 

lutites (texturally mudstones and siltstones) from the Canterbury Suite 

in the Wellington Land District. All of these samples had scattered 

detrital grains embedded in a clayey matrix. 



Arenites 

Si02 

Ti02 

A1 20 3 

Fe203 

FeO 

MnO 

MgO 

CaO 

Na20 

K20 

P20S 

H2 0 

1 

71.3 

0.5 

13.4 

1.3 

2.2 

0.0 

1.1 

1.4 

3.6 

2.6 

0.2 

2.1 

2 

70.4 

0.5 

14.5 

0.4 

2.6 

0.1 

1.4 

1.5 

3.6 

2.8 

0.1 

2.1 

Location of samples 

Arenites 

3 

65.9 

0.6 

15.3 

1.2 

2.9 

0.1 

1.8 

2.9 

3.7 

2.6 

0.1 

2.5 

4 

69.3 

0.5 

14.3 

1.0 

2.6 

0.1 

1.4 

1.9 

3.6 

2.6 

0.2 

2.2 

1. Mean of 5 arenites, Wellington 

Land District. 

2. Mean of 3 arenites, northern 

South Island. 

3. Mean of 3 arenites, southern 

South Island. 

4. Mean of 10 arenites from 1., 

2. and 3. 

5 

64.2 

0.7 

16.3 

0.7 

4.1 

0.1 

1.9 

1.4 

2.2 

3.7 

0.1 

4.0 

Lutites 

6 

57.9 

1.0 

19.0 

4.5 

2.9 

0.0 

1.5 

0.2 

2.0 

4.2 

0.3 

1.2 

Lutites 

7 

70.2 

0.7 

13.5 

1.7 

3.2 

0.0 

1.5 

1.8 

2.0 

3.2 

0.0 

9. 

8 

61.0 

0.9 

18.0 

0.8 

5.0 

0.0 

2.1 

0.9 

1.1 

4.9 

0.2 

4.3 

5. Analysis of a composite 

sample of 17 lutites from SW, 

Wellington coast. 

6. A single sample, Point Arthur 

Wellington Land District. 

7. A single sample, lutite with 

quartz veins, Red Rock Point 

Wellington Land District. 

8. A single sample, Lewis Pass, 

Canterbury Land District. 

Table 3. Chemical composition (weight %) for arenites and lutites of 

the Canterbury Suite (Reed, 1957). 

Comparison of these analyses (Table 3) of arenites and lutites, especially 

columns 4 and 5, indicates differences in the wei~ht % of A1203, Na20, K20 

and H20. An important difference between arenites and lutites, not 

highlighted by these analyses, is the abundance of phyllosilicate silt 

and clay sized particles in the matrix of the lutites. This results in 

a contrasting mechanical strength between the arenites and lutites, which 

is reflected in outcrops where the mudstones or siltstones (lutites) are 

sheared and highly fractured, compared with the coarse fracturing of the 

sandstones (arenites). Subsequent weathering then decomposes the lutites 

more rapidly than the arenites. 
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2.1.3 Slope development and the regolith 

Studies of comparable hilly landscape systems reviewed by Carson 

and Kirkby (1972) suggest a relationship between the mechanical properties 

of the debris mantle and the slope angle of rectilinear slope segments. 

These relationships have been tested using an infinite slope model, 

which is applicable to shallow (1-2m) debris mantles overlying bedrock. 

The application of this model for extreme cases of unsaturated slopes 

with no seepage and saturated slopes with seepage has been described 

by O'Loughlin (1974) and applied to the analysis of slope stability 

problems on the West Coast of South Island (O'Loughlin and Pearce, 1976). 

The relationships between slope angle and the effective angle of internal 

friction have been used by Carson (1969, 1971), Carson and Petley (1970) 

and Carson and Kirkby (1972) in the development of a general model of 

slope development under masS failure. Their model is particularly 

applicable to slopes with thin debris mantles of coarse textured colluvium, 

such as occur in the eastern hillcountry, formed on the rocks of the 

Canterbury suite, throughout the Marlborough and Canterbury Land Districts. 

Three important conclusions derived from this model of slope development 

(Carson and Kirkby, 1972) are: 

(1) The effect of instability on a slope is to replace a steeper 

slope by one of lower angle. 

(2) Each phase of instability is separated by threshold slopes on 

which, under the prevailing conditions, the debris mantle exists in a 

state of temporary stability. The angle of these threshold slopes depends 

upon the mechanical properties of the debris mantle, the modifying 

effects of pore water pressure pattprns and the root network within the 

debris mantle. 

(3) The number of phases of instability, together with the 

steepness of the threshold slopes determines most of the pattern of slope 

development. The replacement of one threshold slope by another is 

achieved by a process of parallel retreat and/or hinge decline, in 

sequence or in combination. 

It has been found, both in engineering studies of natural and 

artificial gravel and fine earth mixtures (Vucetic, 1958; Holtz, 1960) 

and also in field studies (Carson and Petley, 1970), that the decrease 

in shear strength with decreasing rock fragment size was discontinuous 

rather than gradual. This provides an explanation for the apparent 

occurrence of certain modes in threshold slope angles for shallow debris 

mantles. From such studies, the hypothesis that under weathering-limited 
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conditions, in humid temperate regions, most rectilinear hill slopes stand 

at or below a critical angle of stability determined by the mechanical 

properties of the debris mantle, has developed. In the circumstances 

outlined in Table 4, there are three phases of instability which produce 

talus slopes, coarse textured colluvial slopes and fine textured colluvial 

slopes respectively. 

Phase of Threshold slope Effective internal 
instabili ty angle (ex) friction angle (CP , ) 

degrees degrees 

O. Rockslope 43 - 45 43 - 45 tan ex == tan CP' 
cohesionless 
high density 

1. Talus slope 33 - 38 33 - 38 tan ex == tan CP' 
cohesionless 
loose packed 

2. Coarse 25 - 28 43 - 45 tan ex == ~tan CP' 
textured cohesionless 
colluvial debris mantle, 
slope failure under 

conditions of 
3. Fine < 20 < 35 high pore water 

textured pressure with 
colluvial no root 
slope cohesion 

Table 4. Model of slope development under mass failure, for shallow 

debris mantled slopes on jointed bed rock, in humid regions 

(after Carson, 1969; Carson and Kirkby, 1972). 

Assuming that there is sufficient relief available for valley 

inci~ion with relatively unimpeded basal removal of sediment by stream 

transport, then the following hypothetical stages of slope evolution can 

be deduced from the model: 

(1) Valley incision with the formation of an initial rock slope 

or free face. 

(2) Progressive parallel retreat of the rock slope as it 

disintegrates to form a talus slope. 

(3) Progressive parallel retreat or hinge decline as the talus 

slope weathers to form a coarse textured, then a fine textured colluvial 

slope. 

The model of slope development under mass failure for shallow 

debris mantled slopes on jointed bedrock (Carson and Kirkby, 1972) 
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provides an explanation for the suggested time independent "form of fine 

textured erosional relief (Hack, 1~60). Once a threshold slope, such 

as a coarse textured colluvial slope, forms it may persist as long as 

exposed bed rock surfaces weather to form a debris mantle with similar 

mechanical properties. This phase of temporary stability, or dynamic 

equilibrium, may continue for many thousands of years. As surface 

lowering continues throughout this phase areas of the debris mantle are 

periodically removed by erosion, exposing bedrock which weathers to reform 

a debris mantle. These minor phases of instability within the debris 

mantle are evidenced by stratigraphic layering and the occurrerice of 

buried soils and may be compared with the model of soil periodicity 

(Butler, 1959, 1967, 1982). The relationships between the slope 

development model of Carson and Kirkby (1972) the time concepts of Schumm 

and Lichty (1965) and the model of soil periodicity of Butler (1959) are 

indicated in Table 5. 

cyclic time Graded time Graded time I Steady time 
A B 

phases of phases of Periodici ty Hydrological 
instabili ty with stabili ty or within the processes, no 
slope replacement meta stability debris mantle change in 

of threshold surface form 
slopes 

O. Rock slope K cycles 

l. Talus slope ego 2 coarse 2 K.l Water and 

2. Coarse textured 
textured 

2 K.2 
solute transfer 

colluvial slope 
colluvial through the 
slope soils and 

3. Fine textured 2 K.3 debris mantle 

I 

, , 
colluvial slope I 

Table 5. Relationships between time concepts and the model of slope 

development under conditions of mass failure. 

Young (1972) expresses reservations about the interpretation of 

modes of slope angles as threshold slope angles and cites studies to 

indicate apparent randomness of slope angle. Although the type of 

bedrock is often quoted in these studies there are few descriptions of 

either the weathering of the bed rock or of the properties of the debris 

mantle regolith. Carson and Kirkby (1972) and Carson (1976) make it 

quite clear that the concept of threshold slope angles applies to 
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rectilinear slope segments of weathering-limited slopes with a thin debris 

mantle. They state that for transport-limited slopes, which more commonly 

have a thick debris mantle, there is a progressive development of a 

convexo-concave profile, which becomes less steep without any significant 

threshold angles. 

Bull (1975) has discussed the idea of allometric change of landforms 

as an alternative to the concept of dynamic equilibrium or steady state 

(Hack, 1960). Allometric change is the study of the relative rates of 

change of two aspects of a system and as applied in geomorphology, is the 

tendency for adjustments between interdependent materials, processes and 

landforms in an open system. In Bull's (1975) opinion, it is highlY 

unlikely that geomorphic steady states exist, because the dependent 

variables of a open system (e.g. channel and hill slope morphology) are 

being affected by changes in the independent variables (e.g. climate, 

tectonic movements altering total relief, the erodibility of surface 

materials and ecosystem changes following the impact of man). These are 

all variables that are known to affect landscape development over 

geological time periods and are applicable to New Zealand (Soons and Selby, 

1982). Examples of allometric change of landforms in response to tectonic 

and climatic perturbations are described by Bull (1979) and of lithologi

cal variations causing contrasts in surface erodibility by Bull and 

Schick (1979). 

MethodS for surveying slope profile form have been described by 

Young (1972) and Young et al. (1974). It is generally agreed that in 

slope analysis, measured slope lengths should be equal (pi tty, 1967) and 

between 1 - 5 m (Gerrard and Robinson, 1971). Despite more than ten years 

of investigations it seems that there is as yet little agreement on the 

techniques of analysing slope profile data and simple graphic displays of the 

data are preferable to some of the numerical methodS that have been 

proposed (Cox, 1981). 

The application of mathematical process-response models, 

simulating sequential evolution of hypothetical slopes is a developing 

field. Models such as those developed by Young (1963), Ahnert (1970, 

1976, 1977) and Kirkby (1971) all produce arrays of slope forms that 

are recognisable in nature. As noted by Young (1972) however, the simple 

matching of form between model and observed slopes does not prove that 

the assumptions of the model are correct. Models become more valuable 

if they are based upon observed processes, as illustrated by the study of 

stiatham (1976), which examined the mechanics of rockfall on to talus 

slopes both in the field and in the laboratory. Stratham developed a 



talus slope-rockfall model, which better described the talus slope 

profile; with its slight basal concavity, rectilinear slope at less 
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than the assumed angle of repose, and the sorting of particles from fine 

at the top to coarse at the base of the slope. 

As postulated by Carson (1969, 1976) and Carson and Kirkby (1972), 

it is the mechanical and hydrological properties of the debris mantle that 

determine the adjustment of slopes to some angle less than the hypothetical 

threshold slope angle. The debris mantle may be regarded as a constituent 

part of the regolith. In the present study the regolith is defined as 

including the soil and all unconsolidated weathered debris of what ever 

geOlogical origin, and weathered bedrock. For the purpose of description 

the regolith can be further divided into two constituent parts: 

(1) The debris mantle regolith: An upper part comprising the soil 

together with all unconsolidated, oxidised or reduced, texturally uniform 

or texturally contrasting and stratified, surface sediments of residual, 

gravitational, fluvial or eolian origin, occurring either individually or 

in some combination. 

(2) The bedrock regolith: A lower part that has been altered by 

subaerial oxidising and/or reducing, weathering processes, when compared 

with the unweathered bedrock of the same texture and mineralogy. The 

bedrock regolith maintains a structure and stratigraphy comparable to the 

unweathered bedrock profile, although it may be more highly fractured and 

individual clasts may vary from completely weathered to slightly weathered 

(Fookes and Horswill, 1969; Fookes et al., 1971). 

The debris mantle together with the bedrock regolith, and the 

unweathered bedrock can be likened to the Cox and Cn horizons described in 

the soil profile nomenclature of Birkeland (1974). It is recognised that 

this analogy could be confusing in situations where thick unconsolidated 

deposits occur within the landscape, such as Quaternary piedmont and 

valley fill alluvial deposits, or where the coarse texture of the debris 

and/or the aridity of the environment prevent the alteration of the debris 

mantle by subaerial weathering processes. In these situations the 

description of the debris mantle regolith could be broadened to include 

these specific exceptions to the general definition, or where recognisable, 

the lower boundary of the debris mantle could be taken as the lower limit 

of oxidation weathering, as suggested by Young (1972). 

Regolith development on the lithotypes of the Canterbury Suite 

is a little studied phenomena, outside of the Wellington Land District. 

If comparable lithologies of sandstone and siltstone to those of the 
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Canterbury Suite are compared from the northern most parts of New Zealand 

to the southern South Island, there is a distinct change in the nature of 

the soils, and the debris mantle and bedrock regoliths. Although not yet 

documented this change in the regolith is reflected in both the soil 

pattern and the classification of New Zealand soils (New Zealand Soil 

Bureau, 1968). In the North and South Auckland Land Districts very thick, 

clay, sandy clay and clay loam regoliths derived from sandstones and 

siltstones occur widely in association with old landsurfaces. In the 

extreme, these bedrock regoliths are red or pink in colour, although pale 

yellow, yellowish brown and dark brown colours occur at lower depths in 

the bedrock regolith profile. The total depth of weathering commonly 

exceeds 10m in depth beneath the landsurface. Syers et al. (1970) have 

described the mineralogy and selected chemical parameters for the soil 

profile and bedrock regolith of a sandstone quarry face in North Auckland 

Land District. In this quarry the total depth of weathering was approxi

mately 17m. Samples from the Ah and Bt soil horizons, and of strongly, 

moderately and weakly weathered, and unweathered bedrock were analysed 
,QS6 

(Table 6) using chemical dissolution techniques (Jackson, ~). 

Quartz Mica K Feldspar Na Feldspar Kaolin 'Ibtal P Ca. P 
% % % % % ~g/g il9/9 

Soil Ah 52 6 0 1 19 379 0 

Bt 41 4 0 0 26 177 3 

Bedrock 
regolith 

Strongly 
18 5 0 1 50 587 3 

weathered 

Moderately 
31 12 4 3 19 651 8 

weathered 

Weakly 
26 13 17 34 5 512 89 

weathered 

Bedrock 12 30 15 33 3 624 530 

Table 6. Mineralogical and phosphorus analyses from a North Auckland 

regolith (Syers et al., 1970) 
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Studies from the Hunua and Hapuakohe Ranges, as well as the pakaroa 

and Maungakawa Hills of the South Auckland Land District (Selby, 1966, 

1967, 1982; Pain, 1971; Blong, 1974, 1975) all record thick bedrock 

regoliths formed from the original sandstone and siltstone lithologies. 

These bedrock regoliths are best preserved beneath broad undulating 

interfluves. They may reach 20m in thickness and consist of red clays 

and sandy clays, which grade vertically with depth to yellowish brown 

sandy clay loarns, in which occur gravel to boulder sized core stones of 

less weathered sandstone. These core stones, are arranged in a reticulate 

pattern, related to the original lithology and joint patterns of the 

unweathered rock. Overlying the bedrock regolith is a debris mantle 

regolith of variable thickness derived by processes of mass failure from 

the bedrock regOlith, together with eolian deposits of volcanic origin. 

The presence of a tephric cover of widely varying age has been used to 

establish the relative age of geomorphic surfaces within these landscapes 

(Selby, 1966; Blong, 1975). 

Most of the hill lands of the south-western part of the Wellington 

Land District are formed on lithotypes of the Canterbury Suite. Various 

aspects of soil formation, weathering and the stratigraphy of both the 

debris mantle and bedrock regolith have been described in the studies 
,Q74 

of; Cotton and Te Punga (1955), Brodie (1957), Stevens (1957, ~), 

Cotton (1958a), Te Punga (1963, 1964), Leamy (1964), webby (1964), 

Atkinson (1973), Grant-Taylor (1974), Milne and Northey (1974), 

Vella et al. (1976), Watters et al. (1981). In the southern part of 

the Wellington Land District, to the west of the Rimutaka Range, remnants 

of a once extensive, strongly weathered, red clay and sandy clay, bedrock 

regolith are preserved beneath ridge summits and interfluves. This 

strongly weathered regolith merges vertically into brown and brownish 

yellow, sandy, bedrock regOlith zones, which have an increasing 

proportion of moderately weathered sandstone clasts in a sandy matrix. 

A drill hole logged at Taita Experimental Station on the hills east of 

the Hutt Valley (Atkinson, 1973) describes, brown, yellow brown and 

yellow grey zones of the bedrock regolith extending to a depth of 52 m 

below the summit of a narrow ridge. In the steeper and more dissected 

hill country, there is less remaining of the upper most red and brown 

zones of the bedrock regolith. Faulting has caused di~lacement of the 

landsurface and this further complicates the pattern of distribution and 

surface exposure of bedrock regolith zones throughout this hilly landscape 

(Atkinson, 1973; Stevens, 1974). The bedrock regolith is overlain by a 
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debris mantle comprising slope debris derived from the bedrock regolith, 

and layers of regionally derived loess with interlayered tephric loess 

and tephra (Brodie, 1957; Stevens, 1957; Te Punga 1963, 1964; Leamy, 1964; 

Webby, 1964; Naeser et al., 1980). The soil pattern of the hill country 

of Wellington (Atkinson, 1973; Milne and Northey, 1974) reflec-ts the 

complex distribution of components of the stratified debris mantle and 

bedrock regolith zones. 

Throughout the hill country and mountain lands of the eastern 

South Island, formed on the lithotypes of the Canterbury Suite relatively 

shallow soils and debris mantle regoliths are widely reported (Gibbs et 

al., 1945; Gibbs and Beggs, 1953; Molloy, 1963; New Zealand Soil Bureau, 

1968; Ives and Cutler, 1972; Harvey, 1974; Harrison, 1982). The debris 

mantle regolith overlies either a moderately weathered yellowish brown 

to yellowish grey bedrock regolith or, more commonly in formerly 

glaciated mountain lands, unweathered bedrock. Thick, strongly to 

moderately weathered, bedrock regoliths are not reported in the studies 

listed, although local occurrences have been exposed by roading activities 

in hill country. The apparent widespread occurrence of a thin bedrock 

regolith and of unweathered bedrock may be a consequence of continued 

erosion in response to tectonic uplift (Adams, 1978). Erosion is known 

to have increased during the cold climate periods of the Quaternary 

(Gage, 1965; Burrows, 1979; Soons, 1979). The properties of the debris 
0. ond b 

mantle are texturally varied, and diamictons (Flint et al., 1960) -- " 
predominate. In the mountain lands the debris mantle is derived from, 

glacial moraine (Chinn, 1975; Archer, 1976), stratified talus (0' Loughlin, 

1965; Harris, 1975; Harrison, 1982; pierson, 1982) and coarse colluvium, 

either with or without an overlay of loess (Gibbs et al., 1945; Ives, 1973; 

Harvey, 1974). 

2.1.4 Stratigraphy of the debris mantle regolith and soil periodicity 

There are many studies which describe selected features of the 

debris mantle regolith in the eastern hill country and mountain lands of 

the South Island. Features such as, surface form, mode of deposition, 

stratigraphy, sedimentology and the occurrence of buried soils (Molloy, 
''l'b3b Iq65 

1962, 1963, 1964; Soons, ~; O'Loughlin, ~; Soons and Rayner, 1968; 

Caine, 1969; OWens, 1969; Ives and Cutler, 1972; Harvey, 1974; Chinn, 
Iq"7q 

1975, ~, 1981; Harris, 1975; McArthur, 1975; Archer, 1976; Howard, 

1979; Pierson, 1980a, 1980b, 1982; Tonkin et al., 1981; Whitehouse, 1981, 

1982; Harrison, 1982). 



In the following review the nomenclature used to describe 

geomorphic surfaces and their erosional and depositional elements 

follows those used in Tbnkin et al. (1981). The term geomorphic 
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surface (Ruhe, 1969) and ground surface (Butler, 1959) are regarded as 

synonyms. 

The interpretive value of recognising chronological sequences of 

soils associated with geomorphic surfaces of differing age, and buried 

soils associated with buried geomorphic surfaces was established by 

Butler (1958, 1959). These studies examined the relationships between 

the soil pattern and the erosional and depositional history of a landscape. 

From these studies Butler developed a model, now known simply as 'soil 

periodicity', that constitutes one of the most powerful concepts 

available in the study of non-marine, erosion-deposition systems. The 

fundamental idea of Butler's descriptive model is the cycle of soil 

periodicity, comprising a phase of instability when geomorphic surfaces 

are either destroyed by erosion or burial, and a phase of stability when 

soil development modifies the erosional and depositional elements of the 

new geomorphic surface. The soil periodicity cycle is regarded by 

Butler (1959) as a time unit, termed a K cycle. By the recognition of 

K cycles in stratigraphic succession a chronological sequence of erosional 

and depositional events is established. Soil periodicity implies 

episodic instability within the debris mantle regolith. Within a single 

phase of instability several slope failures may occur resulting in 

stratification of the resultant debris. Only part of the land surface 

may be affected in any particular K cycle, and the unaffected areas 

remain as a persistent zone (Butler, 1959). Between the erosional and 

depositional elements of one geomorphic surface is an equally important, 

but less often described alternating zone (Butler, 1959), where 

processes of erosion and deposition may occur on the same site during 

the unstable phase of one or more K cycles. This alternating zone may be 

quite extensive and form a mozaic of degradational and aggradational 

phases of geomorphic surfaces (Tbnkin et al., 1981), typified by 

truncated and accumulative soil profiles respectively (Harrison, 1982). 

The soil periodicity model complements more conventional 

stratigraphic techniques by establishing relative time planes in non 

marine depositional sequences, just as tephra marker beds (Pullar, 1973) 

or fossils are used in other situations. The recognition of the 

relationship between soils and geomorphic surfaces, and between buried 

soils and buried geomorphic surfaces, is the basis of the study of soil 

stratigraphy (Daniels et al., 1971; Morrison, 1978). The soils associated 



19. 

with the erosional and depositional elements of a geomorphic surface may 

differ, because of contrasts, which range from exposure of bed rock, 

bed rock regolith, debris mantle regolith or redeposited debris. These 

contrasts may be further accentuated by soil catenary relationships that 

develop (Ruhe, 1975; Tbnkin et al., 1977) during the stable phase of a 

K cycle. 

The stratigraphic evidence of soil periodicity is most clear 

where buried soils are recognised in the debris mantle regolith. 

Criteri~ for the morphological identification of buried soils are 

essentially those used to describe soils (Ruhe, 1965; Yaalon, 1971), with 

the proviso that the organic constituents associated with surface soil 

horizons often do not persist following burial. More detailed descriptions 

of the nature, origin and dating of paleosols, including buried soils, 

are to be found in Yaalon (1971), and summaries of some of the 

New Zealand literature in Leamy (1973) and Leamy et al. (1973). Chemical 

methods are also used in the identification of buried soils (Goh, 1972; 

Runge et al., 1973; Valentine and Dalrymple, 1976). If buried soils are 

not recognisable as morphological entities in the field, they are likely 

to be overlooked and consequently of little value in establishing the 

presence and lateral extent of a buried geomorphic surface. 

The geomorphological and stratigraphical requirements for 

establishing a chronology of geomorphic surfaces and buried geomorphic 
\q7\ 

surfaces are discussed in detail by Daniels et al. (~) and have been 

applied to the analysis of soil periodicity and erosion history in the 

eastern mountain lands of the South Island (Tbnkin et al., 1981; 

Harrison, 1982). Radiocarbon dating is the most widely used method of 

determining the ages of geomorphic surfaces, but it depends on the 

preservation of organic materials such as wood, charcoal, peat or soil 

organic carbon within the surface horizons of soils, or in the upper 

horizon of buried soils. Any organic materials within the soil or in 

association with buried soils are liable to contamination by soil organic 
Iq" 

carbon of younger age (Goh and Molloy, 1972; Goh and Pullar, ~; 

Goh et al., 1977; Goh et al., 1978). Other methods of relative age 

dating may depend on radiocarbon dating to establ~sh an initial chronology. 
I 

Examples are, the use of weathering rinds (Birkeland, 1973; Chinn, 1981) 

and of tephra marker beds (Pullar, 1973). The relative age of tephras 

can also be determined by the fission track dating method (Seward, 1974). 

Further understanding and interpretation of the processes of 

slope development can be gained from an examination of stratigraphy and 
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sedimentology of the debris mantle (Ruhe and Walker, 1968; Walker 

and Ruhe, 1968; Harris, 1975; Church et al., 1979; Pierson, 1980b, 

1981; White, 1981). The debris mantle regolith commonly exhibits 

several distinctive lithological layers that have accumulated 

during the unstable phase of one or more K cycles. On hill slopes 

throughout the North Island and eastern South Island, these 

lithological layers may be derived originally from bedrock or 

bedrock regolith. There may also be surface or interbedded layers 

of loess, tephric loess or tephra (Bruce et al., 1973; Cowie and 

Milne, 1973; Pullar and Birrell, 1973; Campbell, 1979). Eolian 

layers where present, modify slope stability (Eyles, 1971), and the 

soil pattern (Ives, 1970). They can be used to infer the relative 

ages of the layers of the debris mantle as well as providing a means 

of stratigraphic correlation with debris mantle regoliths in other 

parts of a landscape (Selby, 1966; Pullar, 1973; Blong, 1975). 

2.1.5 Impact of Late Quaternary and Holocene climatic and vegetation 

chCl.nges on soil periodicity 

Soil periodicity in the eastern South Island and southern 

North Island is set against a background of Quaternary tectonism, 

and climate and vegetation change (Fleming, 1975). The major 

effect of global climatic variation is evident in the glacial 

geomorphology of the mountain lands of the South Island. The effects 

of glacial advance and recession on landform development and mega 

scale soil periodicity during the late Pleistocene and Holocene 

have been described for the Canterbury and Marlborough Land Districts 
0. 

by; Gage (1958), Soons (1963), Suggate (1965b), Chinn (1975), 
to 

Mabin (1980). The literature describing the changes to Late Quaternary 

environments of the central South Island has been reviewed by Soons 

(1979) and for the past 12 000 years, in the general environs of 

New Zealand, by Burrows (1979) and Burrows and Greenland (1979). 

The climates of the late Pleistocene caused a lowering of snowline 

and an advance of valley glaciers in the central and south-western 

South Island mountain lands. Evidence frcm dated moraine sequences 

(Burrows and Gellatly, 1982) indicate that after about 14 000 years 



B.P. there was a transition.ito the warmer interglacial conditions 

of today. A readvance of glaciers is established between 

12 000 and 9000 years before present (Burrows et al., 1976) 

followed by major reduction in the length of glaciers. Between 

5000 years B.P. and the present there is evidence for minor 

readvances of glaciers which may be grouped into seven periods; 

c.4500, c.3500, c.2300, c.1800, c.1600, c.lOOO, and 860-340 years 

B.P. (Burrows and Gellatly, 1982). As the glaciers receded they 

left exposed steep, previously ice supported, rock slopes. These 

slopes have subsequently undergone change to form firstly talus 

slopes and subsequently coarse colluvial slopes with loess 
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blanketing the older geomorphic surfaces (Harvey, 1974; Tonkin et al., 

1981; Harrison, 1982). 

The effects of climate change throughout the late Pleistocene 

and Holocene are also evident in the distribution of the flora 

(Burrows, 1961; Wardle, 1963) and the progressive spread of forest 

to replace grass and shrub associations of the montane and subalpine 

zones during the Holocene (Moar, 1971, 1973). Molloy (1969a, 1977) 

has emphasised the role of fire in modifying the prehistoric vegetation. 

patterns throughout the eastern South Island. This is indicated by 

the occurrence of subfossil plant remains, including charcoal associated 

with buried soils (Cox and Mead, 1963; Molloy et al., 1963; Molloy, 

1964, 1969b; Goh and Molloy, 1972; Goh et al., 1977). Many of the 

charcoals from fires, radiocarbon dated as occurring within the last 

1000 years are of forest species such as Podocarps and Nothofagus. 

There is widespread evidence for the destruction by fire, of forests 

throughout the eastern hill country and mountain lands in the period 

between 1000 and 500 years B.P. (Molloy, 1969b). A recent illustration 

of the effect of forest removal leading to instability of steep slopes 

is documented for the Notown area, Grey Valley, West Coast 

(O'Loughlin and Pearce, 1976). Similarly slope instability as 

evidenced by soil periodicity, resulted from the destruction of the 

Nothofagus forests by fire (Molloy, 1963, 1964, 1977; Harrison, 1982). 

Other factors triggering slope failures and causing soil periodicity 

in hill country and mountain lands are cyclonic storms (Grant, 1963, 

1965, 1981; Cunningham and Arnott, 1964; Bell, 1976) and earthquakes 

of Hay 1968 (Adams et al., 1968). 



Widespread evidence of soil periodicity throughout the 

Canterbury and Marlborough Land Districts has been reported 

from three regions; the mountain lands (Molloy, 1963; Harvey, 

1974; Harrison, 1982), the piedmont plains (Raeside, 1948; Cox 
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and Mead, 1963; Suggate, 1963), and on those hill and downland 

areas mantled with loess and loess colluvium (Griffiths, 1973; 

Ives, 1973; Runge et al., 1973; Tonkin et al., 1974; Goh et al., 

1977; Laffan and cutler, 1977). In the mountain lands the debris 

mantle regolith on steep slopes, whilst almost certainly containing 

talus of late Pleistocene age, has so far only revealed geomorphic 

surfaces and associated soils and buried soils of Holocene age 

(Goh and Molloy, 1972; Harvey, 1974; Chinn, 1975; Burrows et al., 

1976; Harrison, 1982). Those geomorphic surfaces that are of late 

Pleistocene age are associated with moraine and related 

fluvioglacial outwash terraces. 

In contrast, there is no published account of soil 

periodicity in the hill country of the Canterbury and Marlborough 

Land Districts, with the exception of a study of soil erosion on 

the Wither Hills (Laffan and cutler, 1977). Molloy et al. (1963) 

noted the sparse occurrence of subfossil forest remains, and in 

particular buried charcoals associated with buried soils, 

throughout the eastern hill lands. These authors have suggested 

that fires were probably more frequent and hotter in the former 

hill country forests resulting in poorer preservation of subfossil 

plant remains. They also suggested that second growth vegetation 

on the more fertile lowland yellow brown earths precluded mass 

failure, ensuring that charcoals remained at the surface to be 

weathered and dispersed. The predominantly coarse colluvial 

debris mantle regolith on these hill slopes (New Zealand Soil 

Bureau, 1968) with high threshold slope angle (Carson and Kirkby, 

1972) was probably an additional stabilising factor. 
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2.2 THE USE OF MODELS IN THE STUDY OF SOIL DEVELOPMENT AND 

DISTRIBUTION IN HILL COUNTRY 

The soil system, viewed within the landscape setting of a 

drainage basin, forms part of an open system receiving and losing 

energy at its boundaries (Jenny, 1941). Like many such systems, the 

soil may be regarded as a nested hierarchy and this allows it to be 

modelled as a number of smaller subsystems of decreasing complexity. 

Each of the subsystems is conceptualised as a model for the purposes of 

study. Such models are devices for the collection, description, analysis 

and explanation of, or the simulation of data. They are simplifications 

of a natural system or subsystems based upon existing theory. 

Predictions based upon a model pertain to both the assumed boundary 

conditions and internal operating conditions of the model and not to 

the natural system. The role of models in pedological study of the 

natural soil_system has been reviewed by Dijkerman (1974) and some 

important philosophical aspects of mathematical modelling in the fields 

of ecology and hydrology have been reviewed by Skellam (1972) and Freeze 

(1978) . 

Many of the models, that have been used in pedological research 

(Jenny, 1941, 1958, 1961, 1980; Simonson, 1959, 1968, 1978; Crompton, 
Iq71 

1960; Yaalon, 1960, ~, 1975; Taylor and pohlen, 1968; Runge, 1973; 

Walker and Syers, 1976) would be described as conceptual, verbal and/or 

structural models by Dijkerman (1974). The use of simple statistical 

relationships and stochastic mo'~:~els is well established as illustrated 

by the use of multivariate analysis (Norris, 1970; Moore et al., 1972; 

Webster, 1977). Parametric and deterministic mathematical simulation 

models of soil development are at an early stage of development 

(Kline, 1973; Huggett, 1975; Kirkby, 1977). Predictably they will have 

an important role in future pedological research. Attempts to develop 

physically based deterministic models are limited by the need to simplify 

complex mathematical functions and by uncertainties in describing 

boundary conditions and input parameters and coefficients. This dilemma 

is illustrated by Kirkby's (1977) quasi-deterministic model of soil 

development as a component of a slope model. These difficulties are 

further highlighted in the related field of slope hydrology, where 

numerous attempts have been made to model water movement over and 

through, slope segments (Hillel, 1977; Betson and Ardis, 1978; Freeze, 
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1978). Many of the parametric or quasi-deterministic mathematical 

simulation models, that have been developed for the soil system, are 

for changes to, or movement of one constituent of the soil, such as the 

leaching of nitrogen (Wild and Cameron, 1980). The model builders 

recognise the limitations, which relate~to the assumptions, theoretical 

relationships and simplifications, that are part of their models. Just 

as importantly environmental model builders in all fields are limited by 

a lack of adequately documented field studies, that can provide indepen

dent data, against which simulation models could be tested (Hillel, 1977; 

Freeze, 1978; Wild and Cameron, 1980). As stated by Beston and Ardis 

(1978), the final and most critical test in verifying a model lies in 

its application. 

In the following sections it is intended to review conceptual 

models that are relevant to an understanding of soil development and 

distribution in hill country. 

2.2.1 Jenny's state factor model 

The soil system is a component of the ecosystem and as such 

responds to inputs and outputs of energy at the ecosystem boundaries. 

Jenny (1941, 1958, 1961, 1980) expressed this concept in a revised 

general state factor model: 

L, v, a, s = f(SO, I, t) 

where the properties of the total system L, the vegetation v, the 

animals a, and the soil s, are a function of the initial state So 

( 1) 

(the assemblage of properties at time zero, which includes parent 

material and topography), influxes to the system I (includes climatic, 

biotic and any other influx from outside of the system), and the age of 

the system t (in years since time zero). 

For the soil tessera alone, the extended form of equation (1) 

reduces to the familiar soil forming factor equation (Jenny, 1941); 

s = f(cl, 0, r, p, t, ... ) (2) 

where any soil property s , is a function of the five soil forming 

factors of climate cl ,organisms 0, relief r, parent material p, 

time t, together with unspecified factors By keeping all 

factors but one ineffectively varying, equation (2) yields a series of 

single factor functions and corresponding sequences. Of these climo

sequences and toposequences are important conceptual models of relevance 

to the study of soil development in hill country. 

The selective study of soil sequences, based on the soil forming 
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factor equation (2), has had a significant impact on pedological 
lq~e 

research (Jenny, 1941; 1980; Walker, ~; stevens and Walker, 1970; 

Birkeland, 1974; Yaalon, 1975; Walker and Syers, 1976). Critics of 

Jenny's model have questioned; its mathematical validity (O'Connor, 1975), 

the true independence of the soil forming factors (Geras¢imov, 1947; 
Stephe"~ 
Steu'lil5, 1947; Crocker, 1952; Fitzpatrick, 1971), the insolubility of 

either the state factor (2) or derived single factor equations (Butler, 

1964). Others have simplified his equations in order to provide solutions 

(Chesworth, 1973a; Runge, 1973). Yaalon (1975) expressed the hope that 

quantitative solutions to the equations would ultimately be attained. 

Of all the sequences derived from the state factor equation, per

haps the chronosequence has had the greatest impact on ordering our 
"Hb 

concepts of soil genesis (Campbell, 1975; Walker and Syers, ~). 

Unfortunately the number of geomorphological settings where this space 

for time substitution can be established, without the variation in other 

state factors invalidating the assumptions of a chronosequence, are few 
steven:;, 

in nature (st-±hens and Walker, 1970; Vreeken, 1976). 'Ibposequences, 

studies of the catenary changes of soil properties, with respect to 

slope position and aspect, have also contributed to the understanding of 

soil genesis (Ruhe, 1975; Gerrard, 1981). Yaalon (1975) suggests that 

the next step in seeking general solutions to Jenny's (1961) state 

factor model should be the study of families of topofunctions, showing 

changes in soil horizons and soil properties with time, on different 

parent materials or under different macroclimates. A preliminary study 

of a family of toposequences in different macroclimates in the central 

South Island of New Zealand, indir:ates the potential of such studies 

(Tonkin et al., 1977; Young et al., 1977). 

Jenny (1961, 1980) describes, in a qualitative manner, the 

external environmental factors that set the conditions, within which the 

dynamic processes of soil formation operate. The independence of the 

soil forming factors may reflect the way in which Jenny chose to define 

them rather than the more complex feed back linkages of geomorphological 

and environmental systems. The best that may be hoped for are qualitative 

or semiquantitative solutions to sequence studies (Birkeland, 1974). 

Despite these reservations Jenny's model stands as one of the main 

integrating concepts in pedology. 



26. 

2.2.2 Models of slope hydrology 

The literature on the hydrology of hillslopes and small drainage 

basins published prior to 1978 has been comprehensively' reviewed by the 

various contributors to Kirkby (1978). 

Of all the processes that relate soils to the geometry of the 

landscape water, intercepted by the soil surface and moving by various 

pathways from slope summit to valley stream, is of the greatest importance. 

Both solute and sediment movement, across and through the segments of the 

soil landscape, are functions of the hydrology of slopes responding to 

inputs of precipitation. The objective of most hydrological studies is 

the analysis of the balance of water, inputs as precipitation, and outputs 

in the form of evaporation, transpiration, and runoff. These can be 

measured to provide parameters for a deterministic model, or (if that 

goal is unattainable) for parametric input-output, or stochastic models 

of the hydrological system (Weyman, 1975). 

. , 
Intercept~on 1 

__ ~~~~~~2~~~~~~~_ 
1 

L...---C:::3-_1 Surface storage 1 
-------- --------

r--------- -----------, 
1 Ground-water storage 

Overland flow 

nirough flow 
1- ------ --------1 
1-~~~~~=_~~~~~~~_I 

Ground-water flow 

Figure 1. Structural model of the drainage basin ruFioff system. 

Solid line boxes indicate transmission processes and 

those with broken lines indicate storages. (Weyman, 1975). 
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This model (Figure 1) indicates that water entering a drainage basin 

system as precipitation, is subsequently partitioned and transmitted 

through a series of partial storages, and in this regard is similar to 

the Stanford IV watershed simulation model (Crawford and Linsley, 1966; 

Wood and Sutherland, 1970). An objective of hYdrological modelling is 

to identify and describe the capacity and delay time constants of the 
,Q75 

water storage subsystems (Gregory and Walling, 1973; Kirkby, ~, 1978; 

Weyman, 1975). Subsequently the contribution of each of these subsystems 

to quick flow and delayed flow components of runoff is evaluated (Hewlett 
ICfb7 

and Hibbert, ~; Beasley, 1976; Anderson and Burt, 1978; Chorley, 1978). 

Although the delay time constants for the various partial storages 

(Figure 1) depend on vegetation, soil and drainage basin characteristics, 

and can be difficult to quantify because of field variability (Mosley, 

1982), their relative orders of magnitude have been estimated by Kirkby 

(1975) as follows: 

(a) I Precipitation 1+:~I~n~~~~~e~t~~~ +:!~~f~~~e~~~~r~~~~ +Iro-v-e-r-l-a-n-d--f-l-O-W-'\+ 0.5 hours 

(b) I Infiltration 1+:!~O!~l~~~~~e~~~~~:~~~eJ +/ Throughflow 1+ 30 hours 

(c) 1 Deep Percolation 1+:~~~~~:~~~~~~~o_~a_:eJ +1 Groundwater flow 1+ 2000 hours 

Weyman (1975) gives estimates of the velocities for overland flow 

(50 to 500 m.h- I ), and matrix throughflow (0.005 to 0.3 m.h- I ). Studies 

of through flow have shown that if saturated conditions occur in any soil 

horizon, water will enter macropores and travel at flow velocities 

approaching that of overland flow (10 to 30 m.hr- I ) (Beasley, 1976; 

Mosley, 1982). 

Field studies of hydrological responses in small drainage basins, 

in humid temperate environments, have demonstrated that the Hortonian 

overland flow model (Horton, 1933) is not widely applicable (Dunne, 1978), 

as rainfall intensities seldom exceed the infiltration capacities of the 

soils. An exception is where the soil mantle, because of antecedent 

conditions, is already close to saturation (Gregory and Walling, 1973; 

Weyman, 1975). Following studies aimed specifically at explaining the 

'source of nonstorm streamflow in drainage basins with deep soils (Hewlett 

and Hibbert, 1963), it was realised that there existed small saturated 

areas in valley bottoms and hollows which varied in extent depending on 

the amount of rainfall, antecedent soil moisture, and the convergence of 

throughflow (Hewlett and Hibbert, 1963, 1967; Betson and Marius, 1969; 

Dunne and Black, 1970a, 1970b; Kirkby and Weyman, 1972; Hayward, 1976). 

From these studies, the variable source area concept has developed 
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(Dunne, 1978). This concept has subsequently been given a theoretical 

explanation by mathematical simulation models (Freeze, 1972a, 1972b, 1978; 

Beven, 1977) and by direct monitoring of throughflow in small drainage 

basins (Weyman, 1975; Anderson and Burt, 1977a, 1977b, 1978; Dunne, 1978). 

Field studies, such as those of Anderson and Burt (1978) have emphasised 

the role of drainage basin; nose, sideslope and hollow in controlling 

throughflow generation. Anderson and Burt have monitored soil moisture 

tensions and pressures and mapped the expansion and contraction of the 

saturated wedge in a hillslope. Their studies have demonstrated that 

saturated throughflow from slope hollows is the major contributor to the 

delayed peak (throughflow peak) shown in a hydrograph following a rainfall 

event. Anderson and Burt have also shown that although nose reaches 

comprised 60 percent of the drainage basin area studied, their runoff 

contribution per m of channel length per m2 drained area, was almost an 

order of magnitude less than-that of hollow reaches. Other factors such 

as the dip and strike, contrasts in lithology, and/or fracture patterns 

of the bedrock by controlling return flow, may produce variable source 

areas on sideslopes or springs along valley floors (Huff et al., 1982). 

Tbpographically convergent hillslopes cause increasing throughflow 

concentration and saturation build up in slope hollows. This results in 

a build up of soil pore water pressures along the axis of hollows and is 

a significant mechanism in initiating mass failures (Pierson, 1980c). 

As the ground water table rises and extends in area within hollows, during 

a rainfall event, the water table eventually intersects the ground surface. 

The continued rainfall produces an expanding area of return flow, which 

together with the intercepted rain, increase the partial contributing 

area of overland flow (Betson, 1964; Chorley, 1978; Dunne, 1978). In 

humid environments, it has been observed that when storm events generate 

~verland flow the proportion of the intercepted rainfall contributing to 

subsurface flow, decreases in hollows and valley floors. 

Since throughflow passing through the soils on nose and sideslopes, 

will have equilibrated with soil solution within a one to two day 

transmission time (Smith and Dunne, 1977; Verstraten, 1977; Anderson and 

Burt, 1978; Burt, 1979; Lewis and Grant, 1979, 1980; Klein, 1981) the 

solution rate should be less in the lower half of hollow slopes (Kirkby, 

1978; Crabtree and Burt, 1983). Solute output as runoff, which is 

proportional to the total volume of runoff (Likens et al., 1971; 

Kirkby, 1978; Burt, 1979) may not give a true reflection of the chemical 

composition of soil solution or of the chemical processes within the soil, 

because of the changes that occur in solute concentrations of ionic 



species as leachates pass through soil horizons and the regolith 

(Smith and Dunne, 1977; Ugolini et al., 1977; Singer et al., 1978). 

2.2.3 Models of soil slope relationships 

29. 

Huggett (1975) in discussing the concept of soil systems and 

subsystems, states that they cannot be divorced from the concept of soil 

landscapes. Huggett further states that although some progress has been 

made in describing three dimensional soil entities (Hole, 1953; Schelling, 

1970), the actual functioning of soil landscapes has received little 

consideration. This has probably arisen from the restrictive concept 

that a 'soil' contains only a small permissible variation from a modal 

type (Soil Survey Staff, 1951, 1975; Taylor and Pohlen, 1962). As well 

as the notion that vertical movements of solutes are more important in 

soil profile development thill1 movements tangential to the soil surface. 

The lateral transfer of solutes and solid materials through the spatially 

linked soils of a toposequence (Jenny, 1941) is recognised in Milne's 

(1935) conceptual model of the soil catena. watson (1965), OIlier (1976) 

and Gerrard (1981) have reviewed the literature describing soil.catenas 

formed in different climatic environments. As summarised by Watson 

(1965), Milne's original concept of the soil catena is a sequence of 

spatially linked soils, extending from hill summit to valley floor, that 

is repeated across the contours of the landscape. Both residual and 

colluvial deposits may occur within a single soil catena. Ruhe (1975) 

describes two catenary variants: 

(a) The soil catena is formed on a geological substrate of 

similar initial composition at all levels along the slope pro~ile. 

(b) The soil catena is formed on two or more geological 

substrates of contrasting composition, that outcrop in stratigraphic 

sequence along the slope profile. 

The soil catena provides a conceptual model for the study of soil 

development on hillslopes, as it integrates, geomorphological processes 

of erosion, transport and deposition, and hydrological processes of 

overland and throughflow, with pedological processes (Morison, 1949; 

Hallsworth, 1965; Watson, 1965; Blume, 1968; Glaszovskaya, 1968; 

Furley, 1974a, 1974b, Ruhe, 1975). The analogy can be drawn between the 

vertical differentiation of the soil profile and the horizontal 

differentiation of the soil catena into eluvial and illuvial zones 

(Morison, 1949). Hallsworth (1965) described: 
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(a) An eluvial complex occupying the upper slope, from which 

material is lost in solution or as sediment. 

(b) A colluvial complex occupying the midslope, receiving runoff, 

solutes and sediment from the eluvial complex and losing same to the 

illuvial complex. 

(c) An illuvial complex, which receives solutes and sediment from 

the eluvial and colluvial complexes and ultimately loses them to the 

streams or rivers draining the base of the slope. 

The processes of mineral dissolution, and solute transport result 

in a geochemical differentiation between eluvial and illuvial zones of 

the catena. This affects mineral stability (Jackson, 1965; Weaver et al. 

1976) and clay mineral genesis (Tardy et al., 1973; Fitzpatrick and 

Le Roux, 1977). The universality of the soil catena model is demonstrated 

by studies in climatic environments from, subpolar (Glentworth and Dion, 

1949; Glazovskaya, 1968) through temperate . (Acton, 1965; Blume, 1968; 

Smeck and Runge, 1971) to subtropical (Ruxton, 1958; Kantor and 

Schwertmann, 1974; Ogunwale and Ashaye, 1975). The soil catena model 

has also been applied to the study of soil-plant ecological relationships 

in natural environments (Gunn, 1974), man-modified environments (Spratt 

and McIver, 1972; Sadler and Stewart, 1975) and in the design and 

implementation of plant breeding experiments requiring contrasting soil 

nutrient and water regimes (Moormann et al., 1977). 

As summarised, the model of the soil catena has been viewed as the 

fundamental soil landscape unit for hillslopes, however it suffers the 

serious limitation of having only two dimensions, soil depth and slope 

profile length. This two dimentional model is only valid where hillslopes 

have a planar contour and hydrological flow lines are parallel from 

watershed to thalweg (Huggett, 1975). Most fluvial erosional and many 

depositional hillslopes display both concave and convex slope contours 

with a corresponding convergence and divergence of hydrological flowlines 

across hollows and noses, respectively (Ruhe and Walker, 1968; Walker and 

Ruhe, 1968; Huggett, 1975; Anderson and Burt, 1977, 1978). In order to 

incorporate the properties of the three dimensional soil landscape, 

Huggett (1975) proposed the valley basin as the fundamental soil landscape 

unit for hilly landscapes. The valley basin is presented in the form of 

a conceptual homomorphic, structural model, the boundaries of which 

delimit a three dimensional open system. This system, which forms part 

of a more extensive drainage basin network, has definable boundaries at 

the soil surface, the weathering front beneath the soil and the water 
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shed. Such a system is therefore an objective geographical body of soil, 

which possess functional unity, but not necessarily homogeneity of soil 

properties. The total network of valley basins is divided into a nested 

hierarchy of valley basin thalweg segments, comparable to the morphometric 

analysis of drainage basins, although Huggett (1975) has adopted Shreve's 

(1966) ordering system. Huggett regards valley basins at all levels of 

the nested hierarchy, including the interbasin areas, as soil landscape 

systems. In the analysis of the movement of solute and sediment fluxes 

through the soil landscape system, it is assumed that, as the valley 

basin hydrological flowlines are at right an91es to the slope contour 

form lines, they consequently converge towards hollows and diverge 

over noses. Consequently the soil pattern within valley basins can 

be determined by the analysis of an array of two dimensional soil 

catenas approximating the hydrological flowlines from watershed to 

thalweg (Tbnkin et al., 1977). The valley basin can be divided into 

three conceptual zones: 

(a) An (upper) Eluvial Zone of net solute and/or sediment loss. 

(b) A (middle) Transluvial Zone of predominantly lateral solute 

and/or sediment transfer. 

(c) A (lower) Illuvial Zone of partial solute and/or sediment 

accumulation. 

The release and transfer of these solute and sediment fluxes through 

the valley basin soil landscape system would occur in steady time spans 

(Schumm and Lichty, 1965; Schumm, 1977). Based upon the continuity 

equation, Huggett (1973) developed a mathematical simulation model 

describing the theoretical flux of plasmic material in the valley basin. 

Examples of the computer simulated flux of plasmic material, for one 

depth increment below the soil surface, show the movement from nose to 

hollow to form a temporary peak concentration wave, which moves along the 

thalweg (Huggett, 1975). This prediction of a wave-like plasmic flux was 

not confirmed by a field study of the lateral translocation of soil 

plasma through a small valley basin, although larger amounts of the 

plasmic constituents analysed had moved downslope toward the hollow than 

over the nose (Huggett, 1976). The equivalent to Huggett's first order 

valley basin has been used as the soil landscape unit in other studies 

of soil landscape relationships in hill country (Ruhe and Walker, 1968; 

Vreeken, 1973, 1975; Tbnkin et al., 1977; McKie, 1978). 

In soil landscapes where runoff is into enclosed surface 

depressions, such as occur on moraine (Ruhe, 1969) and dune (Cowie et al., --
1967) topography, the soil landscape system is described as a closed 
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system (Walker and Ruhe, 1968; Smeck and Runge, 1971, 1973; Malo 

et al., 1974), in which a significant proportion o£ both solutes and 

sediments are retained within a central depository. Comparative studies 

between open and closed soil landscape systems provide a method for 

determining the relative magnitude of material losses (Ruhe and Walker, 

1968; Walker and Ruhe, 1968). The closed system is used to assess the 

relative transfers within component soil catenas. 

2.2.4 Models of soil aspect relationships 

Jenny's (1941, 1980) model of a toposequence includes, slope 

profile length and angle, slope contour curvature and aspect. Slope 

elevation and aspect both have significant effects on microclimate and 

vegetation (Holland and Steyn, 1975). Contrasts in microclimate 

between slopes with a sunny (equ~torial) and shady (polar) orientation 

is reasonably well documented (Cooper, 1960; Jackson, 1967) and there 

are studies of various components of plant and soil microclimates on 
Iq17 

north and south aspects of hill country (Gillingham and Bell, ~; 

Lambert and Roberts, 1976; Radcliffe and Lefever, 1981) and mountain 

lands (Archer, 1969) in New Zealand. From a simple model of the annual 

shortwave solar radiation received by slopes of different angle and 

either north or south orientation, Holland and Steyn (1975) predicted 

that the effects of aspect should be greatest at mid latitudes and 

least in equatorial and polar regions. Radcliffe and Lefever (1981), 

in their study of microclimate on north and south aspect at Coopers 
o 0 

Creek, North Canterbury (25 slope, 43 15' south latitude), estimate 

that over a year the north aspect received 80% more total radiation than 

the south. In their study, the radiation measured on a ridge si~e was 

partitioned into the amounts received on the north and south aspects 

using the model of McAneney and Noble (1976). Studies by Jackson (1967), 

and Radcliffe and Lefever (1981) indicate that solar radiation on both 

north and south aspects shows a Summer maximum and winter minimum. 

The greater seasonal contrast occurs on south aspects where radiation 

approaches zero during the months of June and July. 

The higher solar radiation falling on sunny, as compared with 

shady aspects, is expressed in higher air and surface soil temperatures 

(Barker, 1953; Cooper, 1960; Archer, 1969; Franzmeier et al., 1969; 

Lambert and Roberts, 1976; Gillingham and Bell, 1977). The greatest 

seasonal contrast in surface soil temperatures is between sunny and 

shady aspects during the winter months. On a daily basis air and surface 
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soil temperatures are affected both by wind run and direction (Lambert 

and Roberts, 1976) and by cloudiness (Gillingham and Bell, 1977). Both 

the diurnial variations and the seasonal variations of soil temperature 

diminish with increasing soil depth. On sunny aspects the diurnial 

variations in surface soil temperatures exceed those on shady aspects 

during all seasons, and under clear skies. This may affect the pattern 

of both freeze and thaw (Cooper, 1960; Archer, 1969) and the persistence 

of winter snow at higher elevations. Gradwell (1955) had recorded the 

greater winter incidence of needle ice on areas of bare soil on sunny 

faces, compared with shady faces at Molesworth in the Marlborough Land 

District. 

New Zealand studies of the seasonal variation of potential 

evapotranspiration indicate that it closely follows solar radiation and 

is highest on sunny aspects for all seasons. The contrast in potential 

evapotranspiration between sunny and shady aspects is greatest in the 

early spring and autumn and least at the summer equinox (Jackson, 1967; 

Lambert and Roberts, 1976; Radcliffe and Lefever, 1981). Radcliffe and 

Lefever compared the calculated potential evapotranspiration on sunny 

and shady aspects at Coopers Creek, with the average annual rainfall of 

1400 mm. They concluded that the potential water loss from the sunny 

aspect approximated the annual rainfall, whilst that on the shady aspect 

was approximately half. The sunny aspect surface soil was always drier 

than that on the shady aspect through the growing season and approached 

wilting point between December and March. Surface soil horizons on both 

aspects were at or above field capacity during the late autumn, winter 

and early spring. 

There are very few quantitative studies of soil development, with 

respect to changes of aspect, where other factors such as, the uniformity 

of soil mineralogy, debris mantle stratigraphy and texture, and contrasts 

in plant ecology and vegetation history do not obscure relationships. 

The literature prior to 1976 is reviewed in Ross (1971), Cuff (1973) and 

Webb (1976). In theory, the rate of soil development is a function of 

energy available to do work on the system, and the efficiency with which 

soluble reactant products are leached from the soil landscape system 

(Yaalon, 1960). The inputs of solar radiation, either directly to the 

soil or via biochemical pathways, stimulates evaporation, transpiration 

and the rates of .chemical reactions (Jenny, 1941, 1980; Birkeland, 1974). 

Therefore where available water is non limiting and temperature regimes 

are optimal, soil development should be faster on sunny aspects than on 
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shady aspects (Losche et al., 1970). Conversely, if available soil water 

was limiting seasonal biological activity and was insufficient to effect 

leaching, soil development may proceed at a faster, rate on shady aspects 
eta.\. 

(Cuff, 1973; Pahlsson, 1974; Webb, 1976; McIntosh A i981). with increasing 

elevation or higher latitude, the combined effect of seasonal variations 

in soil temperature and soil ,water content may determine the relative 

rates of soil development with respect to aspect. The conservation of 

snow on shady aspects gives rise to a peak of runoff in the spring with 

an associated pulse of nutrients. This nutrient release is greater for 

soils with a thin or patchy snow cover, that are subject to freezing and 

freeze-thaw cycles (Lewis and Grant, 1980). The alternation of wetting 

and drying on sunny aspects enhances weathering and mineralization 

(Cooper, 1960). As summarised by Webb (1976), many of the studies of 

soil development in relation to aspect appear to give conflicting results, 

which cannot be resolved because of a lack of critical information on the 

seasonal variation in soil temperature and moisture regimes, and the 

effects of contrasts in plant communities. 

2.2.5 Models of debris mantle sedimentology hill slope relationships 

There are very few studies of the sedimentological properties of 

the debris mantle on hillslopes, and especially of studies involving 

three dimensional sedimentological variation within valley basins. 

Studies of the textural variation of fine colluvium, along catenary 

transects within valley basins and enclosed surface depressions (Walker 

et al., 1968a, 1968b; Kleiss, 1970; Malo et al., 1974; Ruhe, 1975; 

Davidson, 1977) indicate that the redistribution and sorting of sediments 

can be described by empirical equations. In these and other studies of 

surface soil properties (Furley, 1968, 1971; Whitfield and Furley, 1971; 

Anderson and Furley, 1975), texture has been shown to change as a function 

of distance from slope summit, and less consistently as a function of 

slope angle within the upper and lower slope segments. Some of these 

studies of sedimentological properties show recognisable junctions in 

sediment size and sorting characteristics between upper erosional and 

lower depositional zones of convexo-concave slopes. In complex regolith 

systems, sedimentological relationships are complicated by factors such 

as, the stratigraphy of the bedrock regolith and the effects of maSs 

failure within the debris mantle regolith, as evidenced by soil periodi

city (Butler, 1958, 1959, 1967, 1982; Ruhe, 1960; Vreeken, 1973, 1975; 

~~ Kwaad and Mucher, 1977; Walker et al., ). 



35. 

Because of sampling difficulties studies of coarse colluvial 

deposits on hill and mountain slopes has been limited to sedimentological 

analysis of representative samples (O'Loughlin, 1965; Harris, 1975; 

Pierson, 1982; Pearce et al., 1983). These studies have demonstrated 

the variable sedimentological properties of coarse colluvium, which vary 

from poorly to very poorly sorted, fine to strongly fine skewed, 
Q and b, 

diamictons (Flint et al., 1960 A Landim and Frakes, 1968; Pierson, 1982). 

Church et al. (1979), in a study of the sedimentological properties of 

debris slopes on Baffin Island, used a simplified technique for sampling 

surface clasts greater than 8 rom diameter. This study showed, that under 

the predominant influence of rock fall and subordinant influence of debris 

avalanching, the coarse clastic debris became coarser with distance 

downslope from the rock wall. These observations were in agreement with 

the mathematical scree slope rockfall simUlation model of Kirkby and 

Stiatham (1975) and Sttatham (1976). Diamictons (Flint et al., 1960b) 

on hill and mountain slopes can be formed from debris flows and 

avalanches of rock fall debris. These poorly sorted diamictons show 

little or no obvious change in texture with distance downslope and may 

form a continuum with debris cone, alluvial fan and valley fill deposits 

(Church et al., 1979; Pierson, 1980; White, 1981). 

2.2.6 Models of soil chemical processes and mineralogical transformations 

The internal chemical, biochemical and physical processes within 

a soil landscape system, such as the valley basin (Huggett, 1975) respond 
41"01., 

to an external energy flux (Buol~ 1973). These processes result in a 

vertical and lateral differentiation of soil morphological features 

(Simonson, 1959; Arnold, 1965). Soil development is significantly 

affected by the amount and rate at which water, with its dissolved 

components, passes through the soil (Barsha~, 1964; Hallsworth, 1965; 

Witkamp, 1971; Trudgill, 1976). This concept is expressed in Crompton's 

(1960, 1962) weathering/leaching ratio. The potential loss of solutes by 

leaching is countered by nutrient cycling through organisms and adsorption 

on to cation and anion exchange sites. The relationship between leaching 

and conservation of soil nutrients by biological cycling is expressed in 

the descriptive models of Yaalon (1960, 1971), Taylor and Pohlen (1968) 

and Runge (1973). The potential rate of weathering is initially determined 

by the mineral species present and their particle size-surface area 

exposed to soil solution (Bardsha~d, 1964). The stability of the commonly 

occurring mineral species, expressed as a weathering index has been 
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described for sand and silt (Goldrich, 1938) and for clays (Jackson, 

1968) . 

An estimate of the net solute loss from valley basin, soil 

landscape systems can be gained from analysis of spring and stream 

waters (Perrin, 1965; Bormann and Likens, 1970; Claridge, 1970; Cleaves 

et al., 1970; Likens et al., 1971, 1977; Verstraten, 1977; Lewis and 

Grant, 1979). Polynov's (1937) model of element mobility series has 

been confirmed by subsequent studies (Compton, 1960; Glazovskaya, 1968; 

McKeague and St Arnaud, 1969; Young et al., 1977). It is realised that 

the relative mobilities will be affected by sorption on soil colloids 

and the effects of solution pH and Eh, and chelation by organic ligands. 

The relative concentrations of ions in spring seepage and stream waters 

is influenced by the solute concentrations of rainfall (Claridge, 1970; 

Smith and Dunne, 1977; Verstraten, 1977) and the geochemistry of the 

soil and regolith (Ugolini et al., 1977). Concentrations may also 

change throughout and following a hydrological event (Claridge, 1970; 

Burt, 1979; Lewis and Grant, 1979; Klein, 1981). The yield (weight/unit 

area/unit time) of dissolved constituents increases with increasing 

runoff, although Lewis and Grant have reported that the increase in 

yield of specific ions is either less than, the same as, or greater than 

the increase in stream discharge. 

Solute transport through the soil by molecular diffusion and 

convection, as water moves through the soil (Boast, 1973) is complicated 

by ion adsorption and exchange between the transporting solution and the 

solid phase. It has been confirmed by leaching studies, both in soil 

columns and in the field, that water and solutes seldom move through the 

soil at the same rate. This difference is caused by salt sieving as the 

result of electrostatic attraction between ions and colloid surfaces, 

ion exchange, and more permanent sorption mechanisms (Kurtz and Melsted, 

1973). Wiklander (1964) suggests that there is no single, universal 

order for the replacing power of cations on soil colloid surfaces. 

Wiklander observed that the adsorption of divalent ions on to exchange 

sites is favoured by a decrease in soil solution concentration, as may 

happen after heavy or prolonged rain, whereas high soil solution 

concentrations associated with dry periods favours adsorption of 

monovalent ions. These observations are in agreement with a model of 

cation adsorption described by Bolt and Bruggenwert (1976). Continued 

leaching of soils with low solute concentration rainwater, results in 

the initial leaching of monovalent, followed by divalent ions. Thus the 
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exchange complex becomes dominated by divalent ions. These in turn 

may eventually be replaced by exchangeable aluminium in low pH soils 

(White, 1979). Ions such as potassium, sulphate and phosphate may be 

retained in the soil by specific sorption on certain clay minerals. 

The complexities of ion leaching and sorption are illustrated in the 

reviews of nitrate leaching (Wild and Cameron, 1980) and of the 

retention and release of phosphates (White, 1980). 

A chemical model of surficial weathering and soil development 

on siliceous sediments under conditions of continued leaching and 

unimpeded drainage put forward by Jackson (1964, 1965, 1968) is 

supported by other studies (Pedro et al., 1969; Chesworth, 1973b; 

Evans and Adams, 1975b; Ugolini, 1977). The key features of this model 

are the net loss of monovalent and divalent cations (and balancing anions) 

and silica, and the residual accumulation of iron and aluminium oxides. 

The rate of leaching of silica, compared with soluble iron and aluminium 

species is controlled by soil solution pH and Eh (Campbell, 1975). 

The dissolution of primary minerals and leaching of ions and silica, 

results in a progressive change in soil solutio!) - solid phase equilibria. 

These changes can be represented by mineral phase stability models 

(Garrels and Christ, 1965; Jackson, 1968; Kittrick, 1969, 1971, 1977; 

Weaver et al., 1971; Marion et al., 1976; Novozamsky and Beek, 1976; 

van Breeman and Brinkman, 1976; Verstraten, 1977). 

The weathering of primary minerals in the soil involves the 

progressive reduction in particle size by physical and chemical processes 

to form a predominantly clay-sized residiuum (Barshad, 1964). The 

chemical processes are facilitated by water with dissolved oxygen, carbon 

dioxide and soluble organic ligands (Van Breeman and Brinkman, 1976; 

Schnitzer and Kodama, 1977; Tate and Theng, 1980). Soil pH and anionic 

balance are controlled by soluble organic acids and dissolved carbon 

dioxide. The dominant control mechanism may change with soil depth 

(Ugolini et al., 1977). The formation of pedogenic layer silicate 

clays (Jackson and Sherman, 1953; Fieldes and Swindale, 1954; Jackson, 

1964; Dixon and Weed, 1977) can be described by a model of the silica 

potential supplied to the soil matrix solution by the dissolution of 

primary silicate minerals other than quartz, and the pH of the soil 

matrix solution (Jackson, 1965, 1968; Kittrick, 1969; Rai and Lindsay, 

1975). The pedogenic clay mineral weathering reaction: 

mica 7vermiculite 7 aluminium chlorite 

is favoured by a decreasing Si(OH)4 concentration and a decrease in soil 



38. 

pH from 7 to 5. Should the opposite conditions prevail, the reaction 

is reversible (Jackson, 1968). Under conditions o·f high silica 

concentration and high pH, as may occur in conditions of impeded 

drainage or with the dissolution of ferromagnesian silicates, 

montmorillonite is a more common product of weathering than either 

vermiculite or aluminium chlorite (Jackson, 1965). 

In the early stages of desilication, the soil matrix solution has 

a pH of between 7 and 5. Under these conditions there is a relative 

accumulation of aluminium (Jackson, 1963, 1965, 1968), which is mostly 

precipitated close to the site of its dissolution (Barshard, 1964; 

Jackson, 1965, 1968; Kittrick, 1969) resulting in the alumination of 

negatively charged surfaces (Loveland and Bullock, 1975, 1976). For 

silicate colloids this results in the formation of polymeric hydroxy 

aluminium interlayers and surface coatings (Jackson, 1965, 1968). These 

surface coatings provide sites for bonding between clay colloids and 

humic substances (Tate and Theng, 1980). This accumulation of inter 

layer and surface polymeric hydroxy aluminium does not imply that the 

soil matrix solution is enriched with soluble aluminium species 

(Marion et al., 1976), as it is more probable that most of the aluminium 

would come from dissolution and displacement within individual phyllosili

cate crystals (Jackson, 1963; Vicente et al., 1977). Surface coatings 

of both aluminium and iron complexes in association with humic substances 

have an important effect on both the permanent and variable charge on 

soil colloids (Parfitt, 1980) and may give a substantial immunity to the 

acid dissolution of the aluminated clay (De Villers, 1969). 

continued leaching culminating in matrix solution pH's less than 

4.5 and increasing concentrations of soluble organic acids and other 

chelates results in the dissolution of polymeric hydroxy aluminium 

interlayers and surface coatings and poorly crystalline hydroxy iron, 

and aluminium species. The concentration of iron and aluminium in 

solution increases, but is also buffered by the continued formation of 

chelates with organic ligands. In an acid, leaching environment, these 

chemical processes result in the ultimate transformation of vermiculite 

and aluminium chlorite to form beidellite, as has been reported in the 

eluvial horizons of podzols (Ross and Mortland, 1966; Malcomb et al., 

1969; Gjems, 1970; Kapoor, 1973; Campbell, 1975; Young et al., 1977; 

Campbell et al., 1981). Campbell (1975) in the study of a sequence of 

soils formed on siliceous alluvium in a temperate environment with 

moderate to high weathering and leaching regimes (Crompton, 1962) 
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concluded that an early phase of desilication, was. followed subsequently 

by dealumination with increasing acidification. This resulting in the 

following clay mineral transformations: 

~ vermic~lite ~ 

pH > 4.5 • t pH ~ beidellite 

----.... aluminium chlori te ~ 
mica 

Campbell suggests that the clay transformations indicated are reversible 

while there remains a pool of weatherable silicate minerals to act as 

a source of silica and aluminium. He also suggested that where the soil 

pH was higher than 4.5, allophane and gibbsite were formed by the rapid 

hydrolosis of feldspar. During the subsequent dealumination phase both 

allophane and gibbsite were dissolved. The effect of dealumination of 

clays and dissolution of allophane and gibbsite is pronounced in the 

strongly acid surface horizons of the oldest soils in Campbell's (1975) 

study. The clays occurring in subsurface horizons of the intermediate 

aged soils reflect the alumination of layer silicate clays as well as 

the precipitation of poorly crystalline phase of hydroxy aluminium 

silicates. 

The solubility of both iron and manganese released by the 

dissolution of ferromagnesian silicates, is both pH and Eh dependent 
"an 

(Garrels and Christ, 1965;~Breemen and Brinkman, 1976; Novozamsky and 

Beek, 197,6; McKenzie, 1977; Schwertmann and Taylor, 1977). The 

transformation of ferric and mixed ferric-fer~ous systems to crystalline 

iron oxides involves the formation of amorphous or paracrystalline 

ferrihydrite in oxidising systems and mixed ferric-ferrous hydroxy 

compounds in reducing systems at low partial pressures of carbon dioxide 

(Schwertmann and Taylor, 1977). In temperate, oxidising environments 

both ferric-organic complexes and ferrihydrite eventually crystallise 

to form goethite and the ferric-ferrous compounds crystallise to form 

lepidocrocite. In the presence of organic acids crystallisation may be 

inhibited. Kodama and Schnitzer (1977) have shown that the crystallisa

tion of ferrihydrite is dependent on the solution pH and fulvic acid 

concentration, with concentrations in excess of 5.0 g.t- 1 inhibiting 

crystallization. These authors concluded that if ferric-fulvic acid 

complexes are present, ferric oxides are unlikely to crystallise and 

that the adsorption of organic acids on to ferrihydrite surfaces explains 

the relative lack of crystalline ferric oxides in many temperate soils. 

The alternation of phases of reduction and oxidation of iron in 

hydromorphic soils with fluctuating perched or ground water tables and 
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net leaching regimes, enhances clay dissolution, and the lowering of soil 
~n 

pH by the process of ferrolysis (Brinkman, 1969/70, 1977;ABreeman and 

Brinkman, 1976). The net effect of these reactions is enhanced solute 

leaching and desilication through the oxidation of organic matter. 

Of all the major plant nutrients released by dissolution of 

primary minerals during soil development, phosphorus is of greatest 

biological significance (Walker and Syers, 1976). It has been shown 

that both the amount and availability of phosphorus in unfertilised 

soils determines the level of soil productivity, provided that water and 

other macronutrients are not limiting. Walker and Adams (1958, 1959) 

and Walker (1962, 1965) describe an empirical model of the relationship 

between phosphorus availability and biomass additions to soil organic 

matter, including symbiotically fixed nitrogen, in grassland soils. 

The development of chemical dissolution methods for the fractionation 

of phosphorus in soils (Chang and Jackson, 1957; Walker and Adams, 

1958; Williams et al., 1967; Shah et al., 1968) allowed the study of 

phosphorus transformations at successive stages of soil development 

(Walker, 1965; Walker and Syers, 1976). Although these chemical 

dissolution procedures do not identify specific mineral or organic 

phosphorus compounds, they have allowed the transformations that result 

from the dissolution of primary inorganic phosphates, to form organic 

and secondary inorganic phosphates to be modelled (Williams and Walker, 

1969) : 

Primary inorganic 
phosphate 
(e.g. Apatite) 

~ Organic phosphate 

--------_..... Soil solution ~ 
~ - ---- phosphate 

/ 

~Non occluded secondary 
inorganic phosphate 

Soluble 
phosphate 
loss by 
plant uptake 
or leaching 

Occluded secondary 
inorganic phosphate 

Lindsay and Vlek (1977) in their review of phosphate minerals state few 

have been positively identified in soils, although apatite is known to 

be an inclusion in many silicate minerals (syers et al., 1967) and is 

assumed to be one of the more common forms of primary inorganic phosphate 

(Walker and Syers, 1976). Inositol phosphates may form up to 60 percent 

of the total organic phosphate (Halsted and McKercher, 1975). The loss 

of phosphate by leaching is proportional to its concentration in soil 
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solution (Ryden et al., 1973). Studies of the transformations and loss 

of phosphorus during soil development have indicated the extent to 

which phosphorus is redistributed within soil profiles and soil catenas 

(Runge and Riecken, 1966; Smeck and Runge, 1971; Smeck, 1973; Adams and 

Walker, 1975; O'Connor, 1975). These studies show a loss of phosphorus 

by leaching and the transformation of the remaining phosphorus into 
in-

organic, and less available~organic forms (Walker, 1965; Walker and 

Syers, 1976). 

The factors affecting the movement of phosphorus from soils, 

by overland f:j.ow, throughflow and groundwater flow (Dunne, 1978; 

Kirkby, 1978) in forested, agricultural and urban drainage basins have 

been reviewed by Ryden et al. (1973). Losses of dissolved and particulate, 

inorganic and organic phosphates may be greater under conditions of 

overland flow (Singer and Rust, 1975; McColl and Gibson, 1979; Gillingham, 

1980; Gillingham et al., 1980). The relative significance of this loss 

is a function of the frequency of overland flow events (McColl et al., 

1977; Dunne, 1978). It has been found that over long time periods the 

relative losses from overland and throughflow may be comparable (Ryden 

et al., 1973; Sharpley and Syers, 1976, 1979). As water percolates 

through the soil system, phosphate is removed from solution by anion 

exchange and sorption by hydroxy aluminium species (Saunders, 1965; 

Ryden et al., 1973; Parfitt, 1978) and by biological imrnobilisation 

(Halsted and McKercher, 1975). Although sorption and imrnobilisation 

slow the movement of phosphorus through the soil system, given sufficient 

time there is redistribution of phosphorus within the soil profile and 

the soil landscape system (Smeck and Runge, 1971; Smeck, 1973), that is 

of significance even in fertilised soils (Spratt and McIver, 1972). 

The environmental significance of phosphorus leaching from soil 

landscape systems to rivers ,and lakes has been discussed by Ryden et al. 

(1973), McColl .(1977, 1978) and McColl et al. (1977), but for many 

valley basin soil landscape systems it is only a small proportion of the 

phosphorus being cycled (Hobbie and Likens , 1973). Some nutrient 

balance studies in experimental valley basins have shown, that at least 

in the short term, phosphorus may be slightly conserved (Miller, 1968; 

Hobbie and Likens, 1973; Ryden et al., 1973; Claridge, 1975; Bargh, 1977; 

Heinrichs and Mayer, 1977). The significance of these short term 

accumulations of nutrient fluxes is uncertain. This is because of the 

limited understanding of the transit time of nutrient fluxes in valley 

basins with different soil and regolith characteristics (Claridge, 1975). 
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studies of poorly drained soils in low topographic positions indicate 

that, under occasional reducing conditions and increasing pH, there is 

a marked increase in acid extractable inorganic phosphate. This is 

accompanied by a proportionate decrease in organic phosphate and a 

widening of the total carbon to organic phosphate ratio (Runge and 

Riecken, 1966; O'Connor, 1975). It would thus appear that organic 

phosphates are less stable under reducing conditions (Walker and Syers, 

1976) . 

2.3 SOIL MAPPING IN HILL COUNTRY 

Two thirds of New Zealand is either hill country or mountainlands. 

In a recent review of the New Zealand land resource, Molloy (1980) 

subdivided hill country into; hill land if the slope is 12-28°, and 

steepland if the slope exceeds 28°. The area (ha) and percentage of 

hill land and steepland for the North and South Islands is listed in 

Table 7. 

Area (ha) and percentage 

By slope: North Island South Island 

Hill land (12-28°) 3 550 000 (31%) 2 073 000 (13%) 

Steepland (> 28°) 4 096 000 (36%) 8 757 000 (57%) 

By altitude: 

300-900m 4 404 000 ( 38%) 6 004 000 (39 90) 

Table 7. Area (ha) and percentage of hill country in North and 

South Islands (Molloy, 1980). 

Studies of soil distribution and erosion within the hill country 

and mountain lands of New Zealand have, with the exception of a few 

detailed studies, been at a reconnaissance level. The General Survey 

of the Soils of the South Island (New Zealand Soil Bureau, 1968a) and 

the New Zealand Land Resource Inventory (N.W.A.S.C.O., 1975-1979) at 

map scales of 1:253 440 and 1:63 360 respectively show little 

improvement in definition over the general mapping units established 

in the original survey of soil erosion in the high country of the 

South Island (Gibbs et al., 1945). The later surveys show an 
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improvement in map delineation, related to better map bases and larger 

map scale, but there is no description of soil landscape models that 

would facilitate the interpretation of the reconnaissance information 

at an appropriate scale for land use planning. 

Molloy (1980) proposes that New Zealand hill land and steepland 

be divided into 19 relatively distinct major landform regions. These 

would be based on geological factors, which determine relief, landform, 

surface dissection patterns, and erosion processes. Invoking the use of 

land systems (Christian and stewart, 1968; Fairbridge, 1968), Molloy 

suggests that these major landform regions could be subdivided into 

100 to 150 mapping units. South Island Axial Ranges, Unit 14, is the 

major landform region proposed for the central South Island hill country 

and mountain lands. This region is described as: "Steep to very steep, 

angular ranges and incised valleys, with alpine and glacial landforms 

at high altitudes; underlain by moderately hard to very hard sandstone, 

mudstone and alternating, sandstone-mudstone units (Torlesse facies, 

Carboniferous-Early Cretaceous) and schist, with loess mantle at 

lower altitudes; structurally complex, with strong lithological and 

structural control of topography". There is no description of the 

component land systems for Unit 14,. but examples are given for major 

landform regions of Otago and eastern Southland. 

Examples of detailed soil landscape studies in the hill country 

and mountain lands of the eastern South Island axial ranges include: 

Molloy (1963, 1964), Ives (1970), Ross (1971), Ives and Cutler (1972), 

Wilde (1974), Harvey (1974), Archer (1976), Tonkin et al. (1981, 1982), 

Harrison (1982). These detailed studies analyse the soil pattern with 

respect to landform,regolith properties, and late Pleistocene and 

Holocene erosional and depositional history. ~ same data can be 

used to formulate soil landscape models, which provide a basis for 

recognition and definition of Land· systems and their component 

subsystems (Harvey, 1974). 

2.3.1 Objectives, concepts and assumptions in soil mapping 

The task of soil surveying and preparation of maps is described 

in the U.S. Soil Survey Manual (Soil Survey Staff, 1951) and for 

New Zealand in the handbook, Soil Survey Method (Taylor and Pohlen, 1962). 

More recently, updated accounts of the procedures of soil survey have 

been published by Cutler (1977), Western (1978), Dent and Young (1981). 



44. 

A common feature of these descriptions of soil surveying is the minimal 

discussion of the concepts and assumptions underlying the ambition to 

map and classify soils. Schelling (1970) and Butler (1980) stand out 

as two contributions, which identify and question the often unstated 

concepts and assumptions made in soil surveying. 

The objective of soil mapping is to stratify the soils in a 

landscape, by delineating specific areas of soils, which fulfil the 

designated objectives of the soil survey. The areas are referred to 

as delineated soil bodies (Schelling, 1970). It is commonly assumed 

that the attributes of the soils within a given class of delineated soil 

bodies, termed a soil mapping unit, are sufficiently well understood 

that the distribution of specific soil attributes of significance to 

landuse can be predicted from the soil map, and the description of the 

soil mapping units contained in the accompanying report. As Butler 

(1980) comments, "the objective of the soil map is not to solve problems 

but to predict the distribution of soils with certain attributes". In 

the past correlations between the soil morphological attributes, by 

which soils are recognised in the field, and the soil attributes that 

are of significance to plant growth have been assumed without testing 

this relationship. Discussions on the subject of soil variability 

(Beckett and Webs~er, 1971) clearly indicate that, because of their high 

variability, some soil nutrient distributions cannot be predicted from 

soil maps. 

In soil mapping the most important concept is that of the soil 

itself. In any study of the soil there is a need to identify the 

conceptual subsystems being researched, be they soil landscape bodies, 

soil profiles, soil horizons, or components within soil horizons listed, 

(Dijkerman, 1974). It is common for several subsystems, such as those 

listed, to be objects of study. The physical entities that we associate 

with these conceptual subsystems, provide the concrete models that are 

described, sampled and experimented with in the laboratory. The 

fundamental question in pedological research, including soil mapping, 

is to define what constitutes the unit soil system, commonly termed the 

soil individual. Some views to this question hav~ been put forward by 

Cline (1949, 1961), Kubiena (1958), Knox (1965) and Schelling (1970). 

Two major concepts have been used to define the soil universe: 

(1) The soil universe is essentially particulate and therefore 

consists of natural discrete soil individuals, that exist independently 

of the observer. The traditional view of soils as natural bodies is 

allied to this concept (Kubiena, 1958). 
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(2) The soil universe is essentially continuous and therefore 

the soil individuals described are artificial human constructions based 

upon arbitrary values of defined criteria. (Knox, 1965; Schelling, 1970). 

In this thesis the latter concept is used. 

The soil individuals recognised are artificial soil individuals 

defined, at the level of interest, as member bodies of minimum size 

(Schelling, 1970). In soil mapping and soil taxonomic classifications 

it is common to refer to artificial soil individuals such as the 

conceptual Pedon (Simonson, 1968; Soil Survey Staff, 1975). In the 

United States Soil Taxonomy, the Pedon has been proposed as the conceptual 

unit soil, and is described as the smallest volume that can be called a 

soil. Its area varies from 1 m2 to 10 m2 depending on the variation of 

the soil horizons, and extends to a depth of less than 2 m. It is 

important to note that the Pedon is defined by soil morphological and 

laboratory determined physical and chemical attributes taken from within 

the volume of the Pedon. The method of characterising one to two cubic 

metres of soil has not yet been standardised although sampling schemes 

have been described (Drees and Wilding, 1973; Smeck and Wilding, 1980). 

The concept of the Pedon is widely invoked in the recent literature. 

Close examination however, often shows the artificial soil individuals 

that have been described and characterised are operationally defined, 

soil profiles, soil cores, or samples of selected soil horizons, having 

dimensions less than those of the minimal Pedon. Consequently in most 

soil surveys the number of artificial soil individuals defined in 

accordance with the definition of the conceptual Pedon are few. More 

commonly, less well def:~ned artificial soil individuals, soil profiles, 

are defined on the basis of their soil morphological attributes. The 

objective of soil mapping can be restated as "the delineation of soil 

bodies, within which there is a consistently identifiable soil profile 

class or combination of soil profile classes". In theory all of the 

soil properties used in defining the soil profile class (es) can be 

predicted with equal reliability throughout the geographical extent of 

the delineated soil body or the soil mapping unit of which it forms 

part. 

2.3.2 Soil profile classes 

Artificial soil individuals can be grouped into soil profile 
,q"'71 

classes (Northcote, t9DB), where any described soil profile conforms 

to the key soil morphological criteria used to define the soil profile 
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class. The term soil profile class is used to denote a soil taxonomic 

class defined by field-determined soil morphological properties. Such 

a class constitutes a working model, expressing a morphological likeness 

of the soil profiles included within the class. In the research phase 

of a soil survey working models of soil profile classes are established 

from reviews of previous studies and preliminary field studies. with 

further characterisation, both in the field and laboratory, the soil 

profile class may be further defined as one of the hierarchial classes 

within a soil taxonomic system. This means that the soil profile class 

may be correlated with a phase of a soil series, soil family or some 

higher category in the taxonomy being used. Difficulties in attaining 

this objective have been discussed by Butler (1980). Classes of soil 

entities (soil profile classes) may be defined by the limiting values 

of their morphological properties to form definitional classes, or by 

their central concepts to form typological classes (Butler, 1980). 

Soil morphological properties of significance to the stated objectives 

of the soil survey, and with a covariant relationship to other soil 

properties of significance, are needed to facilitate the allocation of 

soil profiles into soil profile classes. Butler describes the definition 

of limits of key soil morphological criteria as taxonomic chops. He 

puts forward the view that the limits to soil profile classes should be 

determined on the basis of the maximum predictability of unstated soil 

properties of relevance to the objectives of the soil surv€y. In most 

of the soil taxonomic systems in current usage, a limited number of 

conceptual soil taxonomic classes are defined and these are then 

rationalised into various categories of subordinate classes (Taylor and 

Pohlen, 1962; Soil Survey Staff, 1975; Avery, 1980). In contrast, soil 

profile classes are formulated following a preliminary investigation 

of soils in the landscape and are, where ever possible, determined to 

match visible features and discontinuities within the landscape. The 

classification of soils downward from a gallery of conceptual soil 

taxonomic classes, and upwards from morphological soil profile classes 

results in what Butler (1980) describes as a taxonomic hiatus. Butler 

proposes that there is: 

"Formal recognition of the fact that there always will be, and 

probably should be a taxonomic hiatus between any general 

classification scheme and the local classes of any soil-survey 

classification." 

Butler also states that: 
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"unless the (soil profile) classes roughly correspond to the 

natural modalities of the survey area, and at least roughly 

conform to the more obvious discontinuities in the landscape, 

they may be difficult to map and require subdivision of areas 

that common sense requires to be left undivided". 

The distinction between soil taxonomic units and soil mapping 

units needs formal recognition. In the past terms such as soil series and 

soil type, have been used to define soil taxa and soil mapping units in 

which those taxa are dominant. This has resulted in some confusion of 

both concepts and the sense in which the term is being used (Schelling, 

1970). In this thesis the term "soil series" will denote a soil 

taxonomic class defined by a comprehensive set of morphological, chemical 

and physical properties. The term "soil profile class" will denote a 

soil taxonomic class defined only by morphological properties. 

2.3.3 Definition and delineation of soil bodies 

The link between soil taxonomy and soil mapping is the artificial 

soil individual defined either as a soil profile or Pedon. Whereas the 

soil profile class or soil series group artificial soil individuals 

according to the concept of the soil taxonomic class, soil mapping units 

group soils according to their geographical distribution in the landscape. 

To assist in the description of the distribution of artifical soil 
IQ10 

individuals in the landscape, Schelling (~) defines three categories 

of soil body; the pedon, soil landscape units and delineated soil bodies. 

Soil landscape units are geographical areas of the soil landscape 

containing one or more dominant soil profile classes (or pedons) with 

definable, objective boundary conditions between adjacent soil landscape 

units. Schelling suggests the following boundary criteria to define 

three soil landscape units. 

(1) Landscape bodies: the maximum lateral rate of change of 

landscape characteristics. 

(2) Soil landscape bodies: the maximum lateral rate of change 

of soil characteristics. 

(3) Polypedon (Soil Survey Staff, 1975): the criteria of soil 

taxonomic units defined at the level of soil series. 

The ease with which these boundary criterion can be recognised 

consistently in the field decreases from 1 to 3. 

When soil landscape units are expressed as delineated areas on 

a soil map they are described as delineated soil bodies. Each delineated 

soil body is defined by objective boundary conditions and the content of 
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named or unnamed, soil profile classes or soil series. Soil mapping 

units are classes that contain like delineated soil bodies as members. 

Examination of representative delineated soil bodies of simple soil 

mapping units, in which one named soil series was assumed to occupy 

a minimum of 85% of the delineated area, has shown a high level of 

variation (Beckett and Webster, 1971). In some studies it is estimated 

that the named soil series occupies as little as 50% of the mapped area, 

although this depends very much on the soil properties considered 

(Adams and Wilde, 1976a, ~976b). Although theoretically a polypedon 

(Soil Survey Staff, 1975) may be recognised as a delineated soil body, 

this is unlikely because the natural short range variation of soil 

properties within delineated soil bodies exceed the defined purity of 

a polypedon. 

2.3.4 Definition of simple and compound soil mapping units 

Soil mapping units, as presently defined for New Zealand 

(Taylor and Pohlen, 1962), are similar in many respects to those 

originally established in the United States of America (Soil Survey 

Staff, 1951). As subsequent soil survey investigations have furnished 

more detailed information on soil variability, so the need to revise the 

definition of soil mapping units (Simonson, 1964, 1968, 1971; Cutler, 

1977) has become more apparent. Studies of soil variability within 

delineations of simple soil mapping units (Beckett and Webster, 1971; 

Adams and Wilde, 1976a, 1976b; Karageorgis, 1980) indicate that the 

nominal definitions of 85-90% soil mapping unit purity are unrealistic. 

There is a need for revised definitions of simple ~nd compound 

soil mapping units. In the absence of a published revision by the 

New Zealand Soil Bureau, the revised definitions that follow have been 

set down and are adopted in this thesis. The terminology is in general 

accord with terms used both in New Zealand and in the united States of 

America. The term Consociation is used as a synonym for the term soil 

series, where ever the latter was used to refer to a simple soil mapping 

unit. This is to avoid the confusion that arises from the current dual 

use of the term soil series, to denote a soil taxonomic unit as well as 

a simple soil mapping unit. An additional term, Catena, is introduced 

for compound soil mapping units, within which there is a gradational 

change in soil properties determined by factors of slope, hydrological 

gradient or progressive textural change in the debris mantle, that is 
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related to slope. This concept of the catena, as a compound soil mapping 

unit is a revival of Milne's (1935) original concept of the catena, which 

has been previously incorporated into the Association compound soil 

mapping unit. The following definitions of soil mapping units are 

modified from those presently accepted (Soil Survey Staff, 1951; Taylor 

and Pohlen, 1962) to emphasise both the content and the boundary 

conditions of the delineated soil bodies comprising each class of soil 

mapping unit. 

2.3.4.1 Simple soil mapping units. CONSOCIATION. Equivalent terms used 

on existing soil maps include; soils, soil series, soil type. 

Definition of content: A Consociation contains one or more dominant 

soil profile classes that could be defined as textural phases of one 

soil series. Dominant implies that these soil profile classes occupy 

greater than 50% of the delineated area. Inclusions of soil profile 

classes assignable to other soil series or soil families are assessed 

according to their effect on the management of the whole area of the 

Consociation or its constituent delineated soil bodies. Where practical, 

included soil profile classes should be described in a way that allows 

evaluation of their effect on the management of the soil mapping unit. 

Boundary conditions: These are determined by the maximum lateral rate 

of change of key soil morphological characteristics, that distinguish 

the dominant soil profile class(es) from those of adjacent delineated 

soil bodies. Where possible the surveyor attempts to identify surface 

features, that correspond to this zone of changing soil morphological 

characteristics. These are the boundary criteria of soil landscape bodies. 

Terminology: The term Consociation is preceded by the name of the dominant 

soil profile class (defined at the soil series level), e.g. Temuka 

Consociation. 

2.3.4.2 Compound soil mapping units. ASSOCIATION. Equivalent terms on 

existing soil maps; Soil Association, Hill soils, Steepland Soils and 

Soil Set. Definition of content: An Association contains two or more 

soil profile classes that could be defined at the level of soil series, 

more commonly soil family, or at a higher categorical level. The soil 

profile classes occur in a topographically repeating and predictable 

pattern, that could be delineated ideally as Consociation or Catena and 

less ideally as Complex soil mapping units, if it were not for the 

cartographic constraints of map scale. Boundary conditions: These are 

more commonly determined by the maximum lateral rate of change of 
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landscape characteristics as they relate to geomorphological, topographi

cal and hydrological changes. In some situations these boundaries may 

also coincide with the maximum lateral rate of change of key soil 

morphological characteristics. The boundary may conform to that of 

the delineated landscapef body, or to that of the soil landscape body. 

The nature of the boundary condition should be noted in the description 

of the soil mapping unit. Terminology: The term Association is preceded 

by the names of the two or three dominant soil profile classes (defined 

at the soil series level), e.g. Foxton-Himatangi Association. 

CATENA. Equivalent terms on existing soil maps; Soil Association, Hill 

soils, Steepland soils and Soil set. The Catena was previously 

recognised as a category of Association. Definition of content: A Catena 

contains two or more soil profile classes that could be defined at the 

level of soil series, more commonly soil family, or at a higher 

categorical level. These soil profile classes occur as the end members 

in a soil continuum of almost progressive change, such that no zone of 

maximum lateral rate of change of soil morphological characteristics 

can be determined within the delineated soil body. This progressive 

change in soil morphological characteristics is commonly associated 

with a slope and/or hydrological gradient within the dimensions of the 

delineated soil body. Boundary conditions: Because of the progressive 

change in soil morphological characteristics, boundaries are determined 

by the maximum lateral rate of change of landscape characteristics, as 

they relate to geomorphological, topographical and hydrological changes. 

These are the boundary criteria of landscape bodies. Terminology: The 

term Catena is preceded by the names of the soil profile classes 

(defined at the soil series level) that constitute the end members of 

the Catena, e.g. Claremont-Waitohi Catena. 

COMPLEX. Equivalent terms used on existing Soil maps; Soil complex, 

Hill soils, Steepland soils. Definition of content: A Complex contains 

two or more soil profile classes that could be defined at the level of 
-soil family or at a higher categorical level. These soil profile 

classes have a pattern of distribution that defies comprehension and 

delineation at the scale of mapping. Boundary conditions: The boundaries 

of Complexes are determined by the maximum lateral rate of change of 

landscape characteristics as they relate to geomorphological, 

topographical and hydrological changes. These are the boundary criteria 

of landscape bodies. 

MISCELLANEOUS MAPPING UNITS. This is a category of mapping unit for 

delineations of all non soil areas. Examples are: rock outcrops, screes, 
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river beds, water bodies, excavations and built up areas. In situations 

where miscellaneous areas form part of compound soil mapping units it 

is noted in their description. 

2.3.5 Soil survey and the delineation of soil mapping units 

Soil survey procedures are set out in Soil Survey Staff (1951), 
IQ1S 

Taylor and Pohlen (1962), Cutler (1977), western (~), Butler (1980) 

and Dent and Young (1981). 

The delineation of soil bodies, the member bodies of soil mapping 

units, entails the recognition of soil profile classes that can be 

distinguished by key differentiating criteria. As suggested by Smith 

(1965) differentiating criteria should be properties that can either be 

measured in the field or can be inferred from properties observable in 

the field. They should also carry the maximum number of accessory 

properties that are relevant to the objectives of the survey. The 

provisional establishment of soil profile classes is followed by the 

recognition of soil bodies having one or more dominant soil profile 

classes, that can be objectively delineated from adjacent soil bodies. 

These judgements entail both the recognition of lateral changes of 

soil morphology within delineated soil bodies, and the detection of any 

perceptible alteration in the rate of change of differentiating soil 

morphological criteria, as the mapped boundary of the delineated soil 

body is approached. The task of subdividing the soil landscape into 

delineated soil bodies is greatly assisted if the general relationships 

of the soil pattern to the landscape has been determined by research 

and formulated into a soil landscape model. 

The procedures of soil survey during the Research Phase, 

Field Survey Phase and Interpretation Phase can be described by a 

process of stepwise analysis, and set out in the form of an algorithm 

(Harrison, 1982). An algorithm is a set of rules or instructions that 

specify the operations required in the solution of a problem or the 

accomplishment of a task. A general algorithm for undertaking soil 

surveys is shown in Figure 2. 
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Detenr.ille t.he objectives of 

the resource survey 

(Continued on following page) 

objectives 

assist.ed by a 

Define the area to be surveyed, 

the proposed final map scale 

and identify base map and 

aerial photographic requirement.s. 

RESEARCH PHASE 1 

NO 

(a) Establish which soil propert.ies should be measured to meet 

the stated objectives of the soil survey. 

(b) Preliminary field survey to establish general soil 

landscape relationships and soil landscape models . 

appropriate to the area to be surveyed. 

objectives of the soil 

survey be predicted 

key differentiating 

of soil profile 

classes 

YES 

RESEARCH PHASE 2 

(c) General review of the area to be surveyed, its geology, 

geomorphology, topography, plant and crop ecology, and 

any prior or adjacent studies. 

(d) Prepare a provisional list of soil profile classes, a 

general description of soil landscape models and the 

related provisional legend of simple and/or'compound 

soil mapping units. 

NO 

(e) Field and laboratory check of provisional soil profile 

classes and simple or compound soil mapping units. An 

unbiased sample of soil profiles, from either a random 

selection of grid intercept observation sites or stratified 

sampling sites within representative soil systems. The 

sampled soil profiles or nominated depth increments are 

analysed for key physical and chemical properties in 

fulfilment of the purpose of the survey. 

(f) Establish soil series and a key of differentiating soil 

morphological and chemical field tests, as an aid to field 

recognition. Establish simple and compound soil mapping 

unit legend and description sheets. 
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the assessment of 

soil variability and the 

definition of soil mapping units 

in the Research Phase, can the , 
objectives of the soil survey 

FIELD SURVEY PHASE 

(a) Set time, manpower and cost limits to the survey. 

(b) Determine method of survey, grid surveyor free 

survey. 

(c) Aerial photo interpretation and delineation of 

landscape bodies. 

(d) Plan field inspections. 

(e) Plan programme of additional field sampling and 

laboratory analysis or in situ field testing. 

(f) Analysis of the results of field survey and 

laboratory studies. 

(9) Compilation of provisional soil map and soil 

mapping unit sheets. 

(h) Review of soil survey, correlation of soil 

taxonomic and soil mapping units. 

(i) Publication of final soil map and report. 

INTERPRETATION PHASE 

Relationship between soil mapping units and 

designated management objectives i.e. Relationships 

between microclimate, soil pattern as modelled by 

the soil map and the agronomy of pasture or 

cropping systems, feed budget requirements and 

animal production. 

concepts 

of soil survey, following 

of 

be made to 

original 

objectives of 

soil survey? 

Figure 2. Algorithm of procedures for initiating and undertaking a soil survey. 
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The algorithm (Figure 2) establishes an idealised stepwise analysis of 

the soil survey task. Commonly because of considerations of cost

effectiveness (Bie and Beckett, 1970; Burrough et al., 1971; Beckett 

and Burrough, 1971a, 1971b) or for reasons of expediency, aspects of 

the Research Phases are omitted. If this happens there will be a 

decline in the quality of the soil map. This is the result of 

unassessed soil variability, the inadequate definition of simple and 

compound soil mapping units, and the untested assumption that the 

objective of the soil survey is fulfilled by the soil morphological 

characteristics assessed during the soil survey (Bie and Beckett, 1971a, 

1971b; Butler, 1980; Dent and Young, 1981). Research in the field 

of soil survey has been described by Schelling (1970) as one of the 

undeveloped areas of soil science. Any comparison of soil maps, at 

scales of 1:63 360 to 1:10 000 reveals that recurring patterns of soil 

distribution exist in comparable geomorphological settings. There 

are however still very few studies aimed at documenting these recurring 

patterns and evolving hypotheses for testing in the field. Such 

studies would have the objective of both qualitatively and quantitatively 

explaining the variations of soil properties within definable soil 

landscape systems (McKie, 1978). Dent and Young (1981) consider that 

the Research Phase of a soil survey is the key to the satisfactory 

accomplishment of eventual soil survey. It is the most difficult 

phase, requires skilled judgement, and should occupy between a third 

and a half of total field time. In some investigations the Interpreta

tion phase may follow the Research phase and be undertaken while the 

field survey is in progress. Where the soil pattern is recognised to 

be extremely complex and therefore unmappable, the project is 

terminated at the Research Phase. 

The complexity of the soil pattern within easily recognised 

landscape bodies can be assessed during the research phase and 

relationships expressed in the form of a soil landscape model. 

The careful documentation of the field and laboratory data used to 

synthesise conceptual soil landscape models, would help to achieve 

an objective understanding of soil distribution and variability 

within natural or man-modified soil landscape systems. 

Soil survey manuals (Soil Survey Staff, 1951; Taylor and Pohlen, 

1962) convey the idea that it is the map scale that determines the 

appropriate soil mapping unit. No doubt this arises from the 

observation that it is unusual for simple soil mapping units, but 

common for compound soil mapping units to be delineated at map scales 
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mapping units may however, be the appropriate mapping units at map 

scales larger than 1:50 000. Therefore i~ may be stated that, it 
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is the complexity of the soil pattern that determines the appropriate 

simple or compound soil mapping unit to be delineated at the mapping 

scale being used. Ideally the choice of map scale is made according to 

the degree detail required, and in relation to the area of the minimum 

land management unit, within which there is no benefit in recognising 

additional variation in soil properties. In practice the cost, 

skilled manpower requirements and availability of base maps at an 

appropriate map scale influence the decision. The greater the soil 

mapping detail required the longer the field survey and the greater the 

cost (Bie and Beckett, 1970; Dent and Young, 1981). If the minimum 

land management unit is between 10 and 5 ha; map scales from 1:20 000 

to 1:10 000 may provide the optimal information on soil distribution. 

It is important to recognise that the soil map is a conceptual, 

structural model of the spatial differences among soils at the landscape 

level. The production of this model requires a change in scale and the 

introduction of soil mapping units as simplifying concepts (Dijkerman, 

1974). ~ attain greater consistency in soil mapping and to unify the 

mental approach to the task, there is a definite need for an atlas of 

conceptual models of soil landscape systems, such as the valley basin 

of Huggett (1973, 1975). 

2.3.6 Soil mapping of hill country and mountain lands in New Zealand: 

Special mapping units, Hill soils and Steepland soils. 

As already indicated more than two thirds of the land area of 

New Zealand is either hill country or mountain lands (Table 7). 

Consequently assessment of New Zealand's soil resources has required 

methods suitable for mapping soil distribution in steep terrain. In 

the General Survey of the Soils of the North and South Islands 

(New Zealand Soil Bureau, 1954, 1968a) at a map scale of 1:250 000, a 

compound soil mapping unit, the Soil Set was established (Taylor and 

Pohlen, 1962). Soil Sets are named for the assumed dominant soil 

series, but in hill country and mountain lands, subsequent more 

detailed studies have indicated that the soil content of soil sets is 

poorly described (Ives, 1970; Harvey, 1974; Archer, 1976; McKie, 1978; 

Harrison, 1982). In these terraines, Soil Sets would be better regarded 

as equivalent to land systems (Christian and Stewart, 1968; Dent and 
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Young, 1981). For semi detailed and detailed soil maps at map scales 

from 1:63 360 to 1:10 000, the soil pattern in hill country and mountain 

lands has been represented by special mapping units, termed hill soils 

and steepland soils. Taylor and Pohlen (1962) have defined these special 

mapping units as follows: 

"In New Zealand where more than two-thirds of the land surface 

is steep or hilly, special mapping units are used in order to 

permit soil mapping at a reasonable pace, to avoid over-multipli

cation of series names, and to express the relation between hill 

soils and counterparts on rolling or steep slopes where this 

relationship cannot be properly expressed by phases. 

Where the angle of the slope varies but parent material and 

other soil-forming factors are reasonably uniform, there is 

generally a gradation of soil properties that is correlated 

with the angle of slope; the soils can be arranged in a simple 

toposequence which on areas of hilly and steep land gives rise 

to somewhat intricate yet predictable patterns of soils. Thus 

in most places the soils on the rolling land are well developed 

and reasonably uniform; those on hilly land are more varied, 

some being rather similar to the soils on rolling land and others 

less developed; and those on steep land are still more varied, 

with a greater proportion of soils that lack well developed 

horizons. 

By convention, complexes of this kind with soil patterns 

dependent on a single toposequence are not given composite 

names. Generally on hilly terrain they are named after their 

rolling counterparts if these exist, and on steep land they are 

named according to the modal soil of the steep slopes (with 

angles of slope ranging approximately from 28 to 38 degrees 

The stated objectives of permitting mapping at a reasonable pace and 

avoidance of a mUltiplicity of soil series names are worthy, but some 

of the assumptions contained in this definition need questioning. 

These are that: 

(i) There is a correlation between slope angle and soil 

properties. 

(2) The soil pattern can be predicted within delineation of 

~ hill soils as steepland soils mapping units. 

" 
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(3) The relative stage of soil development, or that the 

proportionate area of well developed soils decreases with increasing 

slope angle. 

While situations may exist where all of these assumptions may be true, 

there exist other situations where they are either false or the 

correlations of soil properties with slope angle are insignificant 

(Anderson and Furley, 1975). These assumed relationships require 

further research as the number of existing case studies are few, and 

most of these are descriptive or qualitative (Ives, 1970; Harvey, 1974; 

Bruce, 1978) or at best semi quantitative (Campbell, 1973, 1975, 1977; 

McKie, 1978; Harrison, 1982) studies. The specific relationship between 
\ 

slope angle and soil properties is not tested in any of these studies. 

There is evidence that relationships exist between soil distribution, 

slope profile and slope contour (Anderson and Furley, 1975; Campbell, 

1977; Tbnkin et al., 1977; McKie, 1978). 

The recently published semi detailed soil surveys (map scale 

1: 63 360) of three hill country areas in the western North Island 

(Campbell, 1977; Rijkse, 1977; Burce, 1978) illustrate the application 

of the hill soils and steepland soils, mapping units as originally 

defined and the evolution toward the use of Associations. Neither the 

soil pattern, nor soil toposequence relationships within hill soil and 

steepland soil mapping units can be derived from the brief descriptions 

given by Rijkse (1977) for the study of Pohangina County. In Bruce's 

(1978) study of part Raglan County the prediction of the soil pattern 

within hill and steepland soil mapping units is aided by diagrammatic 

models. Soil toposequence relationships cannot be inferred, either 

from these diagrams or from the descriptions of soil mapping units. 

Bruce has made the innovation of assembling hill soils and steepland 

soils on mineralogically similar regoliths into soil development 

suites. A further innovation is- his delineation of Associations of 

either hill soils or steepland soils, formed on mineralogically 

contrasting regoliths, that occur in repeating topographic pattern. 

Within each Association the named soils series (equivalent to 

Consociation), hill soils or steep land soils are listed in decreasing 

order of dominance. A further development is illustrated by Campbell's 

(1977) study of part Wanganui County where the prediction of the soil 

pattern and soil landsurface age relationships within hill soil and 

steep land soil mapping units is associated by a general model of soil 

landscape relationships (Campbell, 1973, 1975, 1977). In this model 
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the pattern of soils is related to slope elements and geomorphic 

differences within slopes. In steep lands, where the soils were 

formed on ~ineralogically similar regoliths four soil variants 

corresponding to slope elements are described. These are termed the 

ridge, intermediate steep slope, eroded slope, and accumulation 

slope variants. Campbell proposes that these four slope variants, 

with their different stabilities, contrasts in soil complexity and 

variation in soil morphological development, enable the mapping unit 

to be redefined as a steepland association. Campbell (1973, p.431) 

states that: 

"The identification of a basic pattern of variation in the 

steep land soils of the Wanganui district enables them to be 

defined more precisely than at present by characterising them 

in terms of mapping units called steepland associations 

made up of a named soil series (the intermediate steep slope 

soil) and three unnamed variants, the ridge variant, the eroded 

slope variant and the accumulation slope variant. All four 

units are taxonomic units and may be classified, but for 

practical purposes classifying the series alone would usually 

be sufficient to indicate the pedological nature of the soils." 

In this revision of the steep land soil concept, Campbell has kept to 

the idea of naming the mapping unit after the "modal soil of the steep 

slopes" as suggested by Taylor and Pohlen (1962). The recognition of 

each of the slope variants as equivalent to soil taxonomic units is 

not acceptable, nor is the proposal of describing a soil association in 

terms of one representative soil profile from one standardised slope 

element. Campbell (1973, 1977) notes that the recognition of slope 

variants is less relevant in more stable, moderately steep hill lands, 

where soils are more gradational. His general model is also unsuited 

to more complicated steep land situations, where the appropriate 

compound soil mapping units would be Complexes rather than Associations. 

Campbell (1975) describes an additional complexity arising from tectonic 

uplift of the landscape, and subsequent incision that forms a valley in 

valley landform having remanents of three distinct landsurfaces. This 

adds a further temporal complexity to a landsurface that already has 

evidence of soil periodicity (Butler, 1959). Campbell's adoption of a 

standardised site (intermediate steep slope variant) and representative 

soil from within this site, provides a pragmatic answer to the problem 

of soil sampling in steep terrain, where access is limited, and time and 

cost are considerations. The complexity of the soil pattern and the 
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effects of unassessed soil variability however, mean that any trends in 

soil morphological or chemical properties that may be illustrated by 

this pragmatic approach are of questionable significance. Reynolds 

(1975) in a study of soil sampling schemes on hill slopes, suggests 

that a minimum of 10 individual samples would be required from each 

sampled slope facet to properly assess the soil variability of such 

properties as depth, pH and organic matter. Other studies (Beckett 

and Webster, 1971; Adams and Wilde, 1976a, 1976b) indicate that for 

other soil properties the number of samples required are much higher. 

Therefore, as Reynolds (1975) observes, "where only one slope facet 

per landscape unit is sampled the results apply to the individual 

3 x 2 m slope facet only". It is also pertinent to note that Reynolds 

was only examining, relatively easily determined soil properties of a 

0-8 cm or 0-15 cm surface soil increment. 

Molloy (1980) identifies the need for a nationally applicable 

scheme of hill country land classification. Such a scheme needs to be 

built on understanding derived from well designed field studies. There 

is a need to develop conceptual models of soil landscape reMationships, 

that are synthesised from selected case studies in predetermined 

geological, physiographical and climatic environments. These would form 

the basic models for compound soil mapping units such as the Association, 

Catena and Complex as defined in Section 3.3.4. Such case studies could 

also be used to evaluate the extent, predictability and significance to 

plant growth of soil variability within map delineations. At a semi

detailed scale of mapping, a landscape mapping unit such as the land 

system (Molloy, 1980) may be more appropriate. There is however, 

an ultimate need to evaluate soil mapping in hill country, as elsewhere, 

in relation to land use and the size of management units. To maximise 

the predictive value of detailed maps it may therefore be desirable to 

abandon the hill soils and steepland soils mapping units entirely and 

to follow normal conventions in establishing compound soil mapping units 

(Cutler, 1977) as illustrated by the study of McKie (1978). 

2.3.7 Research phase: Development of conceptual soil landscape models 

for hill country 

The delineation of either Association or Catena compound soil 

mapping units requires an understanding of the pattern of soil 

distribution in relation to hill slope form. Such an understanding 

can be obtained by selected case studies, from which a conceptual soil 
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landscape model may be developed and tested. ~ assist in the mapping 

of soils, such conceptual models would most usefully have the form of 

structural (diagrammatic) and verbal models (Dijkerman, 1974) although 

subsystems of the conceptual models may be expressed as mathematical; 

empirical, parametric, and semi-deterministic models. Jenny's (1941) 

state factor model allows a prediction of soil conditions from a 

knowledge of the state factors. Comparable models are needed for 

predicting the soil pattern and its variability within soil bodies, 

from a knowledge of the environmental factors that determine different 

soil patterns. As an example of this approach, Peterson (1981) uses, 

structural models to describe fluvial depositional landforms, as a 

basis for designing and describing soil association mapping units. 

In fluvial depositional environments the initial texture and distribution 

of soils are determined by sed~mentary depositional patterns which can 

be predicted using conceptual, structural models (Wolf, 1973; Reineck 

and Singh, 1980). Comparable sedimentological models of fluvial and 

mass movement erosional landforms, are a prerequisite for the development 

of conceptual models of soil distribution in hill country and mountain 

lands. 

The development of soil landscape models appropriate to New Zea

land's hill country and mountain lands would be a formidable task but 

imperative if the prediction of soil distribution from soil maps is to 

be improved. The difficulty posed by this task is a reflection of the 

varied climate, bed rock lithologies and geomorphology of New Zealand 

(Soons and Selby, 1982). It is beyond the scope of this review to 

attempt even a preliminary description of the varied soil lan~scape 

models that would be required to define compound soil mapping units. 

As a guide an analytical procedure is suggested for synthesising 

conceptual soil landscape models for hill country (Figure 3). 



I Climate Analysis 

I 
Landscape Analysis 

within sample drainage basins 

Tectonic setting 

Geomorphological setting 

Bedrock geology 

Bedrock regolith and 
debris mantle regolith 

Hillslope morphometry 
and slope processes 

I 
Soil Landscape Analysis 

within sample drainage basins 

Soil stratigraphy 

Soil-hillslope hydrology 

Soil-hillslope relationships 

Soil-hillslope-aspect 
relationships 

Soil-hillslope-aspect 
vegetation relationships 

Synthesis of soil landscape II 

model(s) I 

I 
Test of the predictive I 

value of the soil landscape 
model(s) I 

I 
Application of the soil landscape 

model(s) to the design and 
definition of compound soil 

mapping units for hill 
country 

Figure 3. Algorithm of the analytical procedures for synthesising 

soil landscape models for hill country. 
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The following discussion elaborates the statements in the algorithm 

(Figure 3). The literature reviewed in 3.1 and 3."2 is relevant to 

this analytical procedure. 
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The Climate Analysis should place the region of interest into 

a general perspective with regard to the processes of weathering, 

soil development, drainage basin hydrology, erosion and sediment 

transport and establish the relationship between climate and vegetation 

(Carson and Kirkby, 1972; Derbyshire, 1976; Schumm, 1977). Studies of 

surface erosion and suspended sediment yield from South Island hill 

country and mountain land drainage basins with rainfalls from 0.81 m a.- 1 

to 10 m a.- 1 show that annual suspended sediment yield increases with 

increasing mean annual rainfall (Griffiths, 1981). 

The Landscape Analysis of sample drainage basins includes all of 

those geological and geomorphological factors that are of significance 

to the hill slope form and stability. New Zealand's geographical 

position on the boundary of the Indo-Australian and Pacific crustal 

plates ensures that it is a region of active tectonic uplift and/or 

subsidence (Wellman, 1979; Stevens, 1980), and this is reflected in 

river gradients and the elevation and relief of landscapes. Patterns 

of faulting and deformation strongly influence drainage patterns and 

the geological stability of rock masses (Soons and Selby, 1982). 

In New Zealand, initial relief is the result of either tectonic or 

volcanic processes, and the contemporary landscape has evolved from 

various combinations of fluvial erosion, mass movement and in the 

South Island mountain lands, glacial erosion. The bed rock, structure, 

stratigraphy, lithology, strength of lithotypes, spacing and orientation 

of fractures and the weathering grade of hard or soft rocks (Fookes et 

al., 1971), are all factor~ that influence slope morphometry. Examination 

of the bed rock and debris mantle regoliths indicate the dominance of 

either transport-limited or weathering-limited slope processes (Carson 

and Kirkby, 1972). The hillslope process can be examined with regard 

to the relative contribution of either fluvial erosion or gravitational 

mass movements to the erosion and transport of the debris mantle. 

Fluvial erosion is assessed from micro channel and rill morphometry, 

whereas mass movements can be broadly divided into large and small 

landslides (Crozier et al., 1982). Large landslides occur in regions 

of active tectonic deformation, where the volume of the landslide 

results in the development of a new landform or changes the morphometry 

of entire hill slopes. Small landslides and the other recognised forms 
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of mass movement with shallow failure planes (Carson and Kirkby, 1972) 

cause periodic downslope movement of debris, to produce the initial 

sedimentological and related soil textural patterns on hillslopes. 

The geomechanical conditions resulting in mass failure are described 

in detail by Carson (1969, 1971, 1976), Carson and Petley (1970) and, 

Carson and Kirkby (1972). A distinction is recognised between the 

geomechanical properties of hard rocks and soft rocks (Fookes et al., 

1971). This difference is reflected in the dominant forms of shallow 

mass movement (Crozier et al., 1982) that occur in steep hill country 

and mountain lands (Table 8). 

BED ROCK HARD ROCKS SOFT ROCKS 

jointed jointed 

fresh rock to fresh rock to 
moderately weathered completely weathered 

(includes highly to 
completely weathered 
"hard rocks") . 

DEBRIS MANTLE talus or fine colluvium, 

REGOLITH 
coarse colluvium fine cover beds or 

fine residual soil 

Dominant forms rock fall, shallow slide, 
of shallow mass talus creep earthflow, 
movement. debris avalanche mudflow. 

Table 8. Generalised relationship between hard and soft rocks and the 

dominant types of shallow mass movement. 

Rock weathering classification (Fookes et al., 1971). 

Mass movement classification (Carson and Kirkby, 1972). 

An important factor, slope angle and its relationship to the angle of 

internal stability of the debris mantle, is omitted in Table 8, but is 

discussed in Section 3.1.3. The effect of shallow mass failures on 

hillslopes underlain by either soft rocks or by highly to completely 

weathered debris mantles and/or bed rock regoliths, can be spectacular, 

and can significantly modify the regolith and soil pattern over 

extensive areas of hillslopes within drainage basins (O'Loughlin and 

Pearce, 1976; Crozier et al., 1980) 

Mass movements on hillslopes are only part of the sediment 

transport system. The eventual form. and stability of slopes are 

affected by the accumulation of, and the relative rate of removal of 

debris from the base of the slope. Carson and Kirkby (1972) describe 
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three situations, which are of significance to sl~pe processes, that 

can be identified from field observations: 

(1) Impeded removal of debris from the base of the slope with 

the development of colluvial or fluvial landforms. 

(2) Unimpeded removal of debris from the base of the slope, 

where the rate of sediment delivery from the slope and the rate of 

basal removal by fluvial transport are in relative balance. 

(3) Unimpeded removal of debris from the base of the slope, 

where there is channel lowering and steepening of the basal slope. 

Channel lowering and the steepening of the basal slope is 

cornmon in regions subject to tectonic uplift. It is the origin of 

valley in valley topography such as occurs in the Wanganui region of 

North Island (Campbell, 1975). 

Soil landscape analysis begins with an examination of the 

relationship between the soil pattern and the previously established 

regolith patterns. Soil stratigraphic techniques are used to determine 

the chronological sequence and distribution of erosional and depositional 

elements of geomorphic surfaces and their buried correlatives (Ruhe, 

1956, 1969, 1975; Butler, 1959, 1982; Daniels et al., 1971; Birkeland, 

1973, 1974; Leslie, 1973; Laffan and Cutler, 1977; Morrison, 1978; 

Burke and Birkeland, 1979; Chinn, 1981; Col¢man, 1981; Tbnkin et al., 

1981; Follmer, 1982; Whitehouse, 1982). The soil stratigraphic analysis 

is used to discriminate between those soil patterns that are dominantly 

controlled by spatial state factors, and those controlled by the 

temporal state factor (Burns and Tbnkin, 1982). In addition it can be 

established if the erosional/depositional process(,s that have determined 

the stratigraphy and sedimentology of the debris mantle, are processes 

of either progressive or episodic denudation. The case of episodic 

denudation is described by Butler's (1959) soil periodicity model. 

If soil periodicity is indicated by the soil stratigraphic analysis, 

both the number of K cycles, and the status of the present phase 

(stable or unstable) should be determined. Where multiple K cycles 

are evident geochronological and stratigraphic methods are used to 

estimate the relative duration and therefore frequency of stable and 

unstable phases. Burns and Tbnkin (1982) suggest that where the 

stable phase of a K cycle is of sufficient duration, soil development 

approaches a steady state (Yaalon, 1971) and soil variability will be 

primarily controlled by spatial state factors related to topography. 
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Conversely, where the stable phase is not sufficiently long for soil 

development to achieve a steady state, soil variability is primarily, 

temporally controlled by the ages of the erosional and depositional 

elements of geomorphic surfaces (TOnkin et al., 1981; Harrison, 1982). 

The duration of K cycle, stable phases can be classed as short, medium 

and long. These correspond to; insufficient time, the minimum time 

and, in excess of the minimum time to achieve a soil development steady 

state, and are set out in Table 9. 

Progressive Denudation 

No evidence of soil periodicity ISpatiallY controlled soil pattern 

Episodic Denudation 

Number of K cycles Relative duration Soil pattern 
of K cycle stable controlled by 
phase (est. years) state factor(s) 

Single K cycle Short (0 - 1000) 

Medium (1000 - 5000) Spatial 

Long (5000 - >10000) 

Multiple K cycles Short (0 - 1000) Temporal » Spatial 

Medium (1000 - 5000) Temporal >,. Spatial 

Long (5000 - >10000) Temporal < Spatial 

Table 9. State factors primarily controlling the soil pattern 

within sample drainage basins. 

The relative duration of K cycle stable phases (Table 8) are estimated 

from soil development studies in humid, temperate regions of New Zealand 

(Walker and Syers, 1976). 

Soil-hillslope hydrological relationships are overprinted on the 

spatial or temporal patterns. Changes related to slope hydrology are 

most evident where the fluctuations in the extent of the saturated wedge 

lead to mottled or gley soils occurring in hollows or footslopes. 

Soil-hillslope relationships are most evident in primarily 

spatially determined patterns where soil catenas may be recognised 

from examination of soil morphological and chemical changes along the 

slope profile. 

Soil-hillslope aspect relationships can be assessed for primary 

spatially determined patterns. The complexity of the soil pattern and 
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the variability of soil properties for primarily, temporally controlled 

patterns precludes the recognition of both catenary and aspect 

relationships. 

The interpretation of vegetation patterns, in the field or from 

aerial photographs is enhanced if these patterns can be related to 

either spatially or temporally determined soil patterns. 

Examples of spatial conceptual soil landscape models are, the 

'open system watershed' (Ruhe and Walker, 1968), the 'valley basin' 

(Huggett, 1975) and the 'synthetic alpine slope' (Burns and Tbnkin, 

1982). The open system watershed has been applied to the analysis of 

soil patterns where both spatial and temporal factors were significant 

(Vreeken, 1973, 1975). The descriptive model of Campbell (1973) 

contains spatial elements (ridge and intermediate steep slope variants) 

and temporal elements (eroded slope and accumulation slope variants). 

This model has similarities to the 'hypothetical nine unit landsurface 

model' (Dalrymple et al., 1968) although the latter is primarily a 

temporal model of soil-hillslope relationships. 

The test of a synthesised conceptual soil landscape model is 

its predictive value, when applied to the analysis of soil landscape 

relationships and soil variability in landscapes with geological and 

geomorphological similarities to the drainage basins for which the 

model was synthesised. 

The ultimate objective is the application of synthesised soil 

landscape models to the design and definition of compound soil mapping 

units appropriate to the mapping of hill country and mountain lands. 

Predominant Compound soil Prediction of 
state factor(s) mapping unit the soil pattern 

Spatial soil Catena Optimal 
landscape model 

" 

Spatial-temporal Association i Suboptimal \ 

soil landscape ! 

i model 
! 
I 

Temporal soil Complex 

i 
Very poor 

landscape model 

Table 10. The relationship between soil landscape models, compound 

soil mapping units and prediction of the soil pattern 

within delineated soil bodies. 
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The relationship indicated in Table 10 reinforces .the concept that it 

is the complexity of the soil pattern that determines the appropriate 

compound soil mapping unit at the map scale to be used. 

Of the synthesised soil landscape models described for hill 

country, the valley basin (Huggett, 1975) would appear to be applicable 

to the s~udy of the soils of the eastern hill country of the central 

South Island. It is proposed to test the predictive value of this model 

in interpreting and quantifying the soil patterns in selected areas of 

the Hurunui and Haldon steepland soils. These studies will provide 

information on the soil landscape relationships in the hill country 

area of Molloy's (1980) major landform region, Unit 14, South Island 

Axial Ranges. 



CHAPTER 3 

A STUDY OF SOIL DEVELOPMENT AND DISTRIBUTION WITHIN THE HURUNUI 

AND HAL DON STEEPLAND SOILS, CANTERBURY, NEW ZEALAND. 

PART ONE: INTRODUCTION TO THE STUDY 

3.1 SUMMARY 

68. 

The potential for development of Hurunui hill and steepland soils 

has been recognised through the research programmes of the Ministry of 

Agriculture and Fisheries and by the National Research Advisory Council. 

The inadequate definition of soil variability within hill and steepland 

soil sets has, in the past, limited the interpretation of field trials. 

The present study was initiated to develop models of the soil

landscape relationships and to investigate soil-aspect relationships 

in representative areas of the Hurunui, and Haldon steepland soil sets. 

Mapped areas of these two soil sets are 358 600 ha and 103 200 ha 

respectively, throughout the hill country of the eastern South Island. 

Following an extensive preliminary survey, the Coopers Creek Research 

Area was chosen as representative of the Hurunui steepland soils, and 

the Mt Pleasant subdivision of Hunua as representative of the Haldan 

steepland soils. The geological, physiographic, climatic and botanical 

features of each of these study areas is described. 

The physiographic features of both study areas are comparable 

and allow field observations to be referred to a limited number af 

defined physiographic slope contour and slope profile strata. Each 

slope is placed into one of four aspect classes. Site locations and 

procedures used for sampling soil profiles are described. Representative 

soils were sampled from northerly and southerly aspects, and from each 

of the six defined physiographic strata. 

3.2 INTRODUCTION 

The potential for increased pastoral production from New Zealand's 

hill country is identified in the report of a working party on hill 
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country research (N.R.A.C., 1977). The eastern hill country of 

Marlborough and Canterbury is one of the regions where there is 

potential for improved production. In particular the Hurunui and 

related soil sets (New Zealand Soil Bureau, 1968a) were identified by 

their earlier inclusion in 1963, in the nation wide "Soil Type Project" 

of the then Field Research Division of the Ministry of Agriculture 

(Lynch, 1964, 1972). In this project representative "soil types", 

23 with a priority A rating and a further 17 with a priority B rating, 

were selected to represent the agriculturally important soil groups of 

New Zealand. In selecting the representative "soil types" consideration 

was given to the mapped area, the geographical distribution and the 

related farming environment. The intention was to establish a base 

area for each representative "soil type" for intensive forms of research, 

such as stocking rate x fertilizer rate trials (O'Connor et al., 1974) 

and measurements of pasture production (Radcliffe, 1982). Trials of 

simpler design were to extend the results of the intensive investigations 

to related soils, and environments, and other systems of farming 

(Lynch, 1972). The selection of a base area for Some representative 

"soil types", such as the Hurunui soil set, created problems because 

there was no adequate definition of the soil set and no recognition of 

the likely variation in soil properties, or of their agricultural 

significance (Gregg, 1970). Because of the inadequacy of the existing 

information, it was decided to assess soil variability in terms of 

clover response to applied nutrients, in 23 trials located throughout 

the geographical extent of the Hurunui soil set (P.E.H. Gregg; undated, 

unpublished report, Ministry of hgriculture and Fisheries, Christchurch). 

The geographic coverage of these field trials was extended by Cuff 

(1973). In Gregg's unpublished report he states: 

"From this brief analysis of the trials conducted recently oI). 

this soil set, it is evident that much variation in regard to 

nutrient response exists between and within geographic zones 

of this soil set. Reasons for these variations are difficult 

to evaluate, because of the large number of variables operating. 

It would appear that even at each trial site variations of a 

square chain (20 m2 ) can be quite high as reflected by many 

trial coefficients of variation, thus giving results of 

doubtful value. 

Fertiliser trials used in assessing the variability of this 

soil set have not been able to satisfactorily isolate factors 
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contributing to variability, but have served more to illustrate 

the amount of variability occurring. More basic work on the 

causes of these variations is required." 

The present study of soil development and distribution within 

the Hurunui and Haldon steepland soils was initiated in response to 

Gregg's call for basic work on soil variability. 

3.3 DETERMINATION OF OBJECTIVES 

The primary objective is to determine if the pattern of soil 

distribution within delineated soil bodies of the Hurunui and Haldon 

steepland soils can be adequately described by a conceptual soil 

landscape model. If this objective is attained, a further objective 

is to use those conceptual models as the theoretical basis for 

stratifying the respective soil landscapes for the following purposes: 

(1) Selecting soil profiles for physical and chemical 

characterisation. 

(2) Tb stratify the soil landscape into compound soil mapping 

units for the purpose of evaluating microclimate-soil distribution-plant 

ecological relationships. 

(3) Tb stratify the soil landscape for the purpose of soil 

fertility assessment. 

3.4 DEFINITION AND DISTRIBUTION OF HURUNUI HILL AND STEEPLAND SOILS 

AND HALDON STEEPT~D SOILS 

The Hurunui hill and steepland soils were first described and 

mapped in the survey of soil erosion in the high country of the South 

Island (Gibbs et al., 1945). In this survey the soils were known as 

the Hurunui series, and were described as follows: 

"Hurunui series are derived from greywacke and are found in the 

lower parts of the Awatere, Clarence, Hurunui and Waimakariri 

valleys, and on the seaward flanks of the eastern ranges such 

as at Oxford, Peel Forest and the Hunters Hills. They lie 

below 2,500 ft to 3,000 ft, and like the Omarama soils, do not 

extend as high on shaded faces as on sunny faces. 

These soils have developed in the eastern climatic zone where 

rainfalls are moderate, 35 in. to 55 in., and daily temperature 

variations are small compared with those on the Omarama or 
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Kaikoura soils ..... Under a low rainfall or humidity they 

grade into Omarama soils ..... with increasing altitude, 

rainfall, or humidity, the Hurunui soils grade into the 

Kaikoura soils ..... The original vegetation consisted of 

beech (Nothofagus solandri) forest, with small patches of 

mixed forest and shrubland. Most of the forest has been 

removed by burning and the present vegetation is mainly 

grassland with patches of manuka, fern and matagouri. The 

grassland is a mixed association of hard and silver tussock 

together with brown-top, sweet vernal, Danthonia (Rytidosperma 

spp) , and occasionally cocksfoot and clover pastures. 

The principal characteristics of this series are -

(1) The rate of chemical weathering is similar to that of 

the Kaikoura series, but the soils are less leached: 

(2) The available phosphate and lime in the topsoil are 

low, but do not show the decrease in the subsoil characteristic 

of the Kaikoura soils: 

(3) The structure is a moderate to firm crumb and much 

stronger than that of the Omarama or Kaikoura soils: 

(4) Slopes are rarely steeper than 34 degrees. 

The Hurunui Loam (soil type 5) is developed on steep slopes and 

a typical profile is -

6 - 9 in. grey-brown or brownish-grey loam to sandy loam, 

12 - 18 in. light yellow-buff stony loam, in places 

slightly flected with orange-yellow, on greywacke. 

The mocerately steep phase (soil type 5H) is similar in 

properties to the main type, but is developed on moderately 

steep slopes." 

In a subsequent description of the Hurunui stony loam (Gibbs et al., 

1953), a typical soil profile from the Waihopai Valley in Marlborough 

is: 

7 in. brownish-grey, firm, stony loam with a strong medium 

granular to blocky structure. 

12 in. light-yellow, slightly compact stony clay loam, 

on greywacke. 

A profile of Hurunui steepland soil (stony silt loam) (New Zealand Soil 

Bureau, 1968a) under tussock from near Mt Grey in North Canterbury is: 

A 7 in. grey (5Y 4/1) stony silt loam; friable; moderately 

developed moderately fine, and very fine nutty and fine 



Reference Rainfall Natural 

~U!"ber 
Soil Narne Parent Material Native Vegetation Topography (in.) 

Representative Profile(s) Nutrient p.a. 

Status 

41a Hurunui steepland Greywacke and Fescue/Silver tussock Steep with some 27-45 (see description of profile near Mediu."" 
soils (mostly weathered colluvium; grassland with scrub moderately steep Mt Grey) 
stony silt loarns). some patches of and bush (mainly 

loess. beech,some broadleaf/ 500-3000 ft 
podocarp) in gullies. 

4laH Hurunui hill soils Greywacke and Silver/Fescue tussock Moderately steep 27-45 6 in. dk. gr. nutty si. 1.; friable, Mediu."" 
(stony silt loarns greywacke loess grassland with patches with some steep 4 in. pl. 01. br. blocky stony 
to silt loarns). and colluvium of broadleaf/podocarp gullies si. 1.; friable, 

(weathered) • forest in gullies; 10 in. pl. yel. br. massive stony 
some flax and hard Up to 3000 ft si. 1., 
fern. on shattered rock. 

, 
- - --

Table 11. Definition of Hurunui steepland soils and Hurunui hill soils (New Zealand Soil Bureau, 1968a, pp 238-239). 

Soil Set Cation Exchange 

Soil type 
Depth of P 

sample C N CEC TEB BS Ca Mg K Na citric 
Parent material Horizon pH C/N 

'" '" me. 'I! me. 'I! 'I! me. 'I! me. '" me. 'I! me. 'I! 

S.B. Lab. No. 
in mg 'I! 

4la H'-lrunui 
Hurunui stony loam 0-7 A 5.6 2.8 0.19 15 12.5 8.1 65 5.4 2.0 0.85 0.4 4 
greywacke 10-18 Be 5.6 0.9 0.08 11 10.9 5.4 50 3.6 1.4 0.30 0.4 4 
6594 A-9 

Huru.~ui silt loam 0-6 A 5.4 4.2 0.28 15 18.6 5.7 31 4.2 1.4 0.80 - 6 
greywacke 10-18 BC 5.3 - - - 14.0 2.9 21 2.6 0.6 0.25 - 5 
1668 A-B 

Hurunui stony loarn 0-4 - 5.7 - 0.23 12 25.4 - 50 9.9 2.1 0.5 - -
grel'wacke 4-9 - 6.0 - - - 21.6 - 54 9.6 2.0 0.1 - -
1730 

Hurunui sandy loam 0-6 - 5.5 - 0.20 15 18.0 - 42 4.4 2.6 1.1 - -
greywacke 7-12 - 5.5 - - - 12.4 - 38 I 2.9 1.8 0.7 - -
1676 

- - ---'----- __ L_ - - --

Table 12. Soil che~istry of representative soils from the Hurunui steep1and soils. Sources of data: S.B. Lab. No. 6594 and 1668 
(New Zea1ar.d soil Bureau, 1968a) S.B. Lab. No. 1730 and 1676 (Gibbs et ~., 1953) 

vegetation 

Altitude 

Topography 

Locality 

Fescue tussock, 
1,000 ft; 30oNE; 
2 3/4 m. N Mt Grey, 
North canterbu~I. 

Fescue tussock; 
35°, steep slope, 
4m. N Oxford, 
Canterbury. 

Upcot, Awatere Co. 

Kahutara Valley 
Kaikoura Co. 

- -------

I 

I 

-..J 
I'J 
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granular structure; distinct boundary. 

B 12 in. pale yellowish brown (lOYR - 2.'5Y 6/5) stony heavy 

silt loam; friable to firm; moderately developed fine 

blocky structure; many angular fragments of greywacke. 

C on shattered greywacke. 

The accepted definition and distribution of the Hurunui steepland 

soils, and hill soils, soil sets 41a and 4laH is documented in the 

General Survey of the Soils of South Island, New Zealand (New Zealand 

Soil Bureau, 1968a). The definition is reproduced in Table 11, and 

soil chemistry in Table 12. 

The Haldon steepland soils were first described and mapped in 

the soil survey of Awatere, Kaikoura and part of Marlborough Counties 

(Gibbs et al., 1953). In this survey the soils were described as 

the Haldon stony silt loam and were defined as follows: 

"Haldon stony silt loam is a shallow soil developed from 

greywacke on the steep hills of the south side of the Wairau 

Valley between Hillersden and Taylor Pass and in the upper 

Flaxbourne Valley. This soil type is extensive on the ranges 

east of Culverden, north Canterbury. A typical profile from 

steep hills near Taylor Pass is: 

5-6 in. dark greyish brown stony silt loam with a soft crumb 

structure. 

6-9 in. brownish yellow, slightly compact, stony silt loam 

on greywacke. 

On lower slopes this soil grades into Weld silt loam and on 

higher slopes with increasing rainfall it grades into 

Hurunui stony loam. The soil is moderately fertile and used 

for range grazing of sheep. Pastures consist mainly of silver 

tussock, sweet vernal and brown top, and tend to revert to 

matagouri on sunny faces and to fern on shady faces 

The Haldan stony silt loam is included in the soils of 

steeplands with warm subhumid climate, with an annual rainfall 

of between 23 and 30 inches." 

The area of steep hills on the south side of the Wairau Valley, 

delineated as Haldon stony silt loam (Gibbs et al., 1953), had 

previously (Gibbs et al., 1945) been mapped as Omarama series. 



Reference 
soil Name Parent Material Native Vegetation 'lbpography 

Rainfall 
Representative Profiles 1 

Natural 

Number p.a. (in.) Nut:dent 

Status 

24 Haldon steepland Greywacke with a Silver/Fescue tussock Steep to 25-35 6 in. v. dk. gr. br. granular/ Medium 
soils (silt loams thin cover of grasslands; patches moderately steep nutty stony si. 1.; firm, I to high 
to stony silt greywacke loess in of matagouri; also 10 in. yel. br. nutty stony si. 1.; 
loarns, some places. bracken fern. 500-2000 ft firm, 
shallow soils on on greywacke rubble; massive, firm., 
bed rock, and 
sandy loarns 

- --- L ..... ----- - -'-- --- I 

Also profiles similar to those in Tipapa Hill soils, soil set l6fH. 

Table 13. Definition of Haldon steepland soils (New Zealand Soil Bureau, 1968a, pp 204-205). 

Soil Set Cation Exchange Vegetation 
Depth of P Soil type C N Altitude 

sample Horizon pH C/N CEC TEB BS Kc citric I Parent material \ \ Topography 
in me. '" me. \ me. \ me. .. me ... me. \ 

rng \ S.B. Lab. No. Locality 

24 Haldon Bro ... m top, sweet 
Haldon stony sandy 0-6 A 6.2 3.4 0.24 14 19.1 13.3 69 8.3 2.8 1. 35 10 vernal; 1100 ft; 
loam; greywack(! 7-12 BC 6.3 - - - 15.0 9.6 64 6.0 2.4 0.75 3 steep slope. 
2170 A-B Benhopai, 

Marlborough. 

Haldon stony silt 0-51:! A 5.9 3.5 0.27 13 21.1 13.8 67 9.9 3.2 1.45 0.82 9 Silver tussock; 
loam; greywacke 13-19 BC 6.0 1.1 0.11 10 15.2 11.8 78 8.8 2.9 0.45 4 moderately steep 
5006 A-B slope, 

4m NE Mt Lucas, 
North Canterbury. 

Table 14. Soil chemistry of representative soils from the Haldon steepland soils (New Zealand Soil Bureau, 1968a). 
~ 
~ 
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The accepted definition and distribution of the Haldon steepland 

soils, soil set 24, is documented in the General Survey of the Soils 

of South Island, New Zealand (New Zealand Soil Bureau, 1968a). The 

definition is reproduced in Table 13, and the soil chemistry in 

Table 14. 

The General Surveys of the soils of the North Island 

(New Zealand Soil Bureau 1954) and South Island (New Zealand Soil 

Bureau, 1968a) provided a comprehensive inventory of the soil 

resources at a reconnaissance map scale of 1:253 440. To achieve 

that objective a broadly defined mapping unit termed a soil set 

(Taylor and Pohlen, 1962) was introduced. The completion of this 

reconnaissance survey during the 1940's and 1950's was accomplished 

despite logistical and technical limitations, not always appreciated 

today. Because of lack of access, areas of undeveloped hill country 

and mountain lands were seen as being less important than developed 

or developing agricultural lands. Consequently even the better 

defined soil sets of the undeveloped (ca. 1950) hill country of the 

eastern South Island are little more than an inventory of the more 

obvious (dominant) soils in each soil set. As can be seen in the 

definitions of the Hurunui and Haldon soil sets, there is no indication 

of the extent of variation of the soil profile classes in each soil 

set, or of the general soil landscape relationships. Among the 

features used to identify and delineate hill soil and steepland soil 

sets, was the association with specific topographic features, but this 

information is not conveyed in tbe definitions. Conversations with 

Mr E.J.B. Cutler and Mr C.G. Vucetich, pedologists involved in the 

definition, mapping and compilation of the General Survey of the 

Soils of the South Island (New Zealand Soil Bureau, 1968a) indicate 

that many of the hill soil and steepland soil sets in the area 

covered by earlier reconnaissance soil surveys (Gibbs et al., 1945 

1953) were defined using existing information as limited opportunities 

were available for gathering additional data. As a result, the 

description of soil sets of hill and steepland soilS, developed on 

greywacke parent materials, lack sufficient detail on soil landscape 

relationships and the dominant soil profile classes, to allow the easy 

recognition of some of the soil sets or the clear distinction between 

soil sets. Ives (1970) had difficulty in reconciling the variability 

within the Tekoa soil set 57a, and 57aH with the definitions given in 
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the General Survey (New Zealand Soil Bureau, 1968a). This is not 

surprising in view of the complexity of this soil set, as illustrated 

by the study of Harrison (1982). Harrison showed that the soil 

pattern within a sample area of the Tekoa soil set was determined by 

temporal factors, and identified three K cycles on slopes. He resolved 

an extremely complicated soil system of simple and compound (Taylor 

and Pohlen, 1962) soils into eleven soil profile classes. 

3.5 PRELIMINARY FIELD SURVEYS 

The Hurunui soil set (41a + 41aH) has a mapped area of 

approximately 358,600 ha and is distributed along the eastern hill 

country of the South Island from Marlborough County to Waitaki and 

Waihemo Counties (New Zealand Soil Bureau, 1968a). For logistical 

reasons it was decided to limit this present study to the area 

between the Hurunuiand Waitaki rivers. The study was extended to 

include the Haldon set (24) in its latter stages. The Haldon soil 

set (24) has a mapped area of approximately 103,200 ha and is 

distributed throughout the drier north-eastern hill country of the 

South Island between Marlborough and Waipara Counties (New Zealand 

Soil Bureau, 1968a). As the northern boundary of this study was the 

Hurunui river, only those areas delineated as Haldon soil set (24) in 

Waipara County were included in the study. The locations of the 

preliminary study sites are listed on Table 14 and shown on Figure 4. 

These include sites established for the purpose of this study, as well 

as the soil fertility trials established in 1965 and 1967 (P.L.H. Gregg; 

undated, unpublished report, Ministry of Agriculture and Fisheries, 

Christchurch) and the study sites of Cuff (1973). Several of the sites 

listed on Table 15 were selected for semi detailed study of soil 

landscape relationships within valley basins (Huggett, 1975) and to 

prepare a provisional list of soil profile classes. These were: 

Hunua, Mt Thomas, Coopers Creek, Wyndale Hills, Geraldine, Albury 

and Waimate. 
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Figure 4. Distribution of preliminary field survey s.ites, 

Canterbury Land District. 



General location 

(listed from north to south) 

Lake Summer Rd 

Virgina Rd 

McDonald Downs 

Hunua, Doctors Hills 

Okuku Hill-Dobson Rd 

Lees Pass 

Okuku Pass-Mt Karetu 

Mt Thomas 

Lees Valley 

Coopers Creek-Sladdens Bush Rd 

Wyndale Hills 

Mt Hutt 

Mt Possession-South Ashburton 
Gorge 

Waikari Hills, Rangitata Gorge 

Geraldine, Hae Hae, Te Moana 

Albury, Rocky Gulley 

Waimate, View Hill, 
Robbs Bush Rd 

7B. 

New Zealand Map Grid reference 

Series 1. South Island (Area enclosed 

S no. Edition Date 

S60 

S60 

S67 

2nd Ed. 1978 

2nd Ed. 1978 

2nd Ed. 1970 
S60 2nd Ed. 1970 

S68 

S67 

S67 

S67 

S67 

S67 

S75 

S74 

S82 

S81 

S91 

Sl02 

SllO 

SllB 

4th Ed. 1977 

2nd Ed. 1970 

2nd Ed. 1970 

2nd Ed. 1970 

2nd Ed. 1970 

2nd Ed. 1970 

4th Ed. 1974 

4th Ed. 1970 

5th Ed. 1980 

2nd Ed. 1970 

2nd Ed. 1970 

3rd Ed. 1971 

2nd Ed. 1979 

2nd Ed. 1970 

with in grid 

coordinates) . 

East / North 

800-820/305-310 

840-880/386-393 

740-890/170-240 

950-971/145-190 

710-720/130-140 

770-790/165-180 

840-900/040-100 

760-785/000-020 

570-632/910-980 

550-565/885-900 

340-370/700-720 

030-060/540-600 

700-770/420-470 

720-760/250-270 

600-610/990-100 

335-345/570-580 

500-520/300-310 

~-------------------------------~------------------------~----------------~ 

Table 15. Location of preliminary field survey sites, 

Canterbury Land District. 

The preliminary field surveys collected descriptive data for 

landscape and soil landscape analysis (refer Figure 3). Observations 

were made of soils and the associated debris mantle and bedrock 

regoliths as seen in natural exposures and cuttings alongside roads 

and farm tracks. In the areas selected for semi detailed study, 

further data on soil morphological properties and soil distribution 

was obtained from inspection pits at intervals along transects from 

slope summit to footslope. These transects were sited to include 

valley basin; nose, sideslopes and hollows (Hack and Goodlett, 1960; 
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Huggett, 1975). Following the preliminary survey two areas were 

selected for detailed study on the basis of the following criteria: 

(1) As far as could be judged from the definitions of the 

Hurunui and Haldon soil sets (New Zealand Soil Bureau, 1968a) and 

from the data collected during the preliminary field survey, the 

chosen detailed study areas were representative of the Hurunui 

steepland soils (soil set 41a) , and the Haldon steepland soils 

(soil set 24) respectively. 

(2) Each of the chosen study areas were either to be used 

for or were established sites for pasture agronomy and ecology 

studies. 

(3) The two areas selected were within reasonable travelling 

distance from Lincoln College. 

3.6. DESCRIPTION OF DETAILED STUDY AREAS 

3.6.1 Hurunui steepland soils 

The site chosen for detailed study was the Coopers Creek 

Research Area, Sladdens Bush Road, Oxford (Table 15). This temporary 

research area was leased from the owner, Mr K. Wells by the Ministry 

of Agriculture and Fisheries in 1973. The area was selected to 

represent the Hurunui steepland soils as it was easily accessible 

from Lincoln, and the previous management and topdressing history 

(with applications of 100-200 kg/ha/yr of superphosphate sometimes 

with additions of sulphur and molybdenum over 25 years) suited the 

objectives of proposed studies. This research area had been used to 

study the effects of microclimate, aspect, topography and soil 

distribution on pasture production and sheep performance (Radcliffe 

et al., 1976; Radcliffe, 1979, 1982; Radcliffe and Lefever, 1981). 

Studies of sheep diet (Stevens, 1977) and seasonable variability of 

herbage quality (Clarke, 1977) had also been carried out. 

The topographic features of the research area and the 

surrounding hill country are illustrated in Photo 2. The area has 

an elevation ranging from 290 to 440 m a.s.l., with both northerly 

to north-westerly, and southerly aspects. The northerly aspect 

occupied 11.15 map ha, or 13.50 surface ha with rocky outcrops with 

sparse vegetation covering 0.74 surface ha. The southerly aspect 

occupied 3.50 map ha, or 3.75 surface ha with rocky outcrops with 

sparse vegetation covering 0.04 surface ha (Radcliffe, 1982). 



Photograph 2. Aerial view of environs of the 

Coopers Creek Research Area. 

Photograph supplied by New Zealand 

Aerial Mapping. Survey No. 5069, 

Run GIS, Date 19.2.77. 

Approximate scale, 1: 12500. 

Photograph is oriented north (top) 

to south (bottom). 

Sladdens Bush Road is to left of 

centre of photograph. 

80. 



Coopers Creek Research Area 

north aspect 
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south aspect • 
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Bedrock comprises very thick bedded, medium to fine sandstones with 

thin interbeds of very fine sandstone or dark grey siltstone or less 

commonly black mudstone. The sedimentary sequence is best exposed in 

stream banks and is similar to the thick-bedded sandstone lithotype 

of the Canterbury Suite (Andrews et al., 1976). The strata are 

steeply dipping and strike northeast-southwest parallel to the main 

ridge of the research area. The drainage density was not measured, 

but shows the morphometry (Photo 2) of fine texture erosional relief 

(Cotton, 1958b, 1963) characteristic of fluvial dissection in humid, 

temperate environments. 

The rainfall, soil moisture (0-10 cm depth), soil and air 

temperatures were measured over five years (1.12.72-30.11.77) on 

northerly and southerly aspects and the intervening ridge summit 

(ca. 380m a.s.l.). Radcliffe and Lefever (1981) give the follQwing 

summary of their results: 

"Solar radiation and wind were measured only on the ridge and 

radiation received on north and south slopes was derived from 

the ridge measurements. Potential evapotranspiration on all 

aspects was calculated from solar radiation and air temperature 

according to the Priestley and Taylor formula. Daily mean 

solar radiation on the ridge averaged 332 langleys per day 

with a maximum of 591 langleys per day in December and a 

minimum of 118 langleys per day in June. Over a year the 

north aspect received 80% more radiation than the south. North

west winds prevailed; windrun at 2.1m above ground was usually 

over 200 km.d- 1 and occasionally was over 2000 km.d- 1 • Total 

potential evapotranspiration on the ridge averaged 1093 mm.a- 1 

with a maximum of 5.9 mm.d- 1 in De~ember and a minimum of 

1.0 mm.d- 1 in June. Over a year, potential evapotranspiration 
-

on the north aspect was almost double that on the south aspect. 

Average annual rainfall was about 1400 mm and was distributed 

evenly over all aspects, although the catch from individual rain 

periods varied by up to 80% among aspects. The north aspect 

soil was always drier than the south aspect soil through the 

growing season and sometimes approached wilting point between 

December and March. Moisture content in the ridge soil was 

intermediate between north and south aspects. Mean annual 

Stevenson screen air temperatures (1.2 m above ground) were 

measured as 10.SoC on the ridge and calculated as 13.7oC and 
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9.9
0

C on the north and south aspects respectively. These 

are equivalent to a latitudinal displacement of about gO 

within New Zealand. Soil temperatures (lOcm depth) on the 

north aspect were always warmer than on the south aspect or 

ridge under both clear and overcast skies. Ridge temperatures 

were similar to those on the south aspect. Mean annual 

temperatures at 10cm depth were 7.7
0

C on the ridge, and 13.8
0

C 

and 8.2° on north and south aspects respectively. On the north 

aspect, soil maximum temperatures under short grass (2-4 cm) 

were higher than those under tussock (30-40 cm) and soil minima 

were lower. On the ridge, soil maxima and minima under short 

grass were lower than those beneath tussock." 

Prior to 1874 the hills about Sladdens Bush road were forested. 

The early records (Gillespie, 1953) indicate that it was a mixed 

podocarp-beech-hardwood forest with species such as kahikatea 

(Podocarpus dacrydoides) milled from the swampy downlands and valley 

floors, and totara (Podocarpus totara), black beech (Nothofagus solandri 

var. solandri-like populations), red beech (Nothofagus fusca) and 

few rimu (Dacrydium cupressium) milled from the hills. Sladdens 

mill at the upper end of Sladdens Bush road was milling kahikatea in 

1872. Later under the Ryde Brothers it milled totara and beech, until 

1909. Gillespie (1953) records that between 1864 and 1912 various 

timber mills and surrounding areas of forest were destroyed by fire. 

Most damaging was the fire of 14th January 1898 which, fanned by 

north-west gales, destroyed most of the standing forest and regrowth 

between Coopers Creek and Ashley Gorge. Milled stumps ere in evidence 

throughout the Coopers Creek Research Area and small groups of black 

and red beech trees remain. The present vegetation is described in 

detail in Radcliffe (1979, 1982). The slopes of both northerly and 

southerly aspects are dominated by browntop (Agrostis spp.) with 

lesser amounts of perennial ryegrass (Lolium perenne), sweet vernal 

(Anthoxanthum odoratum), white clover (Trifolium repens) and annual 

striated clover (Trifolium striatum). Danthonia (Rytidosperma spp.) 

was prominent only on drier strata within the northerly aspect. 

Yorkshire fog (Holcus lanatus) favoured wetter sites, such as seepages. 

Other minor companen-es-we-r-e; cocksfoot (Dactylis glomerata), crested 

dogs tail (Cynosurus cristatus), Poa (Poa pratensis) and visually 

obvious clumps of silver tussock (Poa laevis), and clumps of rushes 

associated with seepages. 
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3.6.2 Haldon steepland soils 

The area chosen for the detailed study was the Mount Pleasant 

block (as of 1981) of the Lincoln College, north Canterbury hill country 

farm, Hunua. This property is located at the western end of the 

Doctors Hills (Table 15). The Mount Pleasant block, an area of 230 ha 

is situated on the eastern side of a north-south trending ridge that 

forms the fault bounded western end of the Doctors Hills. This block 

of the Hunua property was included in a survey of soils, soil fertility 

and vegetation (Tbnkin et al., 1982; Daly and Mason, 1982 unpublished). 

Earlier experiments on over-sowing of grasses on northerly and southerly 

aspects had been situated on the ridge forming the northern boundary 

of the study area (white et al., 1972). 

The topographic features of the Mount Pleasant block are 

illustrated on Plate 3. The area has an elevation range from 275 m 

to 640 m a.s.l. with a west-east trending consequent drainage system. 

The hillslopes have either a northerly or southerly aspect. Many of 

the interfluves have a stepped profile with decreasing elevation from 

west to east. The patterns of bedrock outcrops are a more pronounced 

feature (Photo 3) than at the Coopers Creek Research Area (Photo 2). 

These patterns of bedrock outcrops are an obvious feature on aerial 

photographs of the Doctors Hills (New Zealand Aerial Mapping, flights 

1820 and 1821) and follow the strike of steeply dipping, very thick 

bedded sandstones. The areas devoid of bedrock outcrops are most 

commonly associated with interbedded thin bedded grey siltstone and 

fine sandstone. These rocks form part of the Canterbury Suite 

(Andrews et al., 1976) and their structure ano stratigraphy is 

comparable with that of the hill country between the Hurunui and 

Waipara rivers (Bradshaw, 1972). The pattern of very thick bedded 

sandstone outcrops has a controlling influence on the development of 

valley basins on the southerly aspects throughout the study area 

(Photo 3) with the sandstone outcrops forming noses. Elsewhere on 

Hunua the strike of bedrock outcrops intersects the nose slope profile 

at angles approaching 90 degrees, forming a stepped sequence of 

sandstone knobs outcropping down the slope profile. The drainage 

density was not measured, but shows the morphometric features 

(Photo 3) of fine textured, erosional relief (Cotton, 1958b, 1963). 

The Hunua homestead, on the northern side of the Doctors Hills at an 

elevation of 350 m, is the nearest site at which rainfall is measured. 



Photograph 3. Aerial view of the Mt Pleasant subdivision 

(as of 1981), Hunua. 

84. 

Photograph supplied by New Zealand Aerial 

Mapping Survey No. 3685, Run B/S, Date 12.3.74. 

Approximate scale 1: 12000 

Photograph is oriented north (top) and 

south (bottom). 

Waipara River crosses the lower left of the 

photograph. 



north aspect 

Mt Pleasant, Hunua 

south aspect 
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Records kept since 1966 show that rainfall is extremely variable, both 

on a montly and yearly basis. The average annuai rainfall is 690 mm 

(16 year record), but yearly totals have ranged from 433 mm to 1065 mm. 

North-westerly and north-easterly winds predominate but south-westerly 

and easterly winds bring most of the rain. In a preliminary report 

of a vegetation survey of part of Hunua, Daly and Mason (1982, 

unpublished) described the vegetation of the study sites on north 

and south aspects of Mt Pleasant block. The following description 

is from their unpublished report: 

"At the sites on the northern aspect, native danthonias 

(Rytidosperma spp.) are the main dominant on noses. 

Silver tussock (Poa laevis) and sweet vernal (Anthoxanthum 

odoratum) are the chief grasses in the heads lope hollow giving 

way downslope to matagouri (Discaria toumatou)and chewings 

fescue (Festuca rubra). Among the clovers, annual haresfoot 

trefoil (Trifolium arvense) is the most prominant on nose 

positions and white clover (Trifolium repens) in hollows where 

it achieves a relatively high cover in the headslope. The 

presence of perennial ryegrass (Lolium perenn~) with good white 

clover in this dense silver tussock grassland lends weight to 

the idea that heads lope hollows may be a quite fertile part of 

the landscape. The troublesome flat weed Hieraceum pilosella 

has begun to spread among danthonia on the backslope nose. 

Plant litter percentages are high in hollows and on the 

footslope nose where matagouri is restricting grazing. Notable 

features are the sw)stantial amounts of bare ground and surface 

gravels. Stock dung levels are not very high, but indicate 

some preference for grazing in heads lope and footslope hollows. 

On the south aspect, danthonia is again found throughout the 

landscape, but only on the summit/shoulder nose does it 

dominate. The most prominent grass is chewings fescue from 

headslope to footslope-toeslope hollow while, fescue tussock 

(Festuca novae-zealandia) and silver tussock are widely 

scattered contributing relatively little cover. On the other 

hand, the moss Hypnum cupressiforme increases downslope until 

it covers a quarter of the ground in the footslope hollow. 

Among the clovers, suckling clover (Trifolium dublium) is more 

noticeable than hares foot trefoil and striated clover 

(Trifolium striatum). White clover, as on the northern aspect, 
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has higher cover values in hollows. Again, perennial ryegrass 

provides a little herbage with white clover in the headslope 

hollow where the most dung has accumulated, indicating that it 

is a favoured site for grazing. Litter percentages are again 

higher in the hollows and this is attributed to low utilization 

of chewing's fescue herbage. Bare ground, gravel and rock are 

less in evidence at these better vegetated sites." 

There is no recorded subfossil evidence for the prehistoric vegetation 

of the Doctors Hills. Daly and Mason (1982, unpublished) describe 

small areas of hardwood-podocarp forest along riparian zones on Hunua, 

as well as remnants of kanuka (Leptospermum ericoides) forest. On 

some north aspects native broom (Carmichaelia sp.) and dwarf kowhai 

(?ophora prostrata) are prominent on nose shoulder and backslopes. 

On particularly stony footslopes on north aspects there are shrub lands 

of coprosma (Coprosma propinqua), mountain flax (Phormium colensoi) 

and bracken (pteridium esculentum). The palynology of the peaty 

deposits in Pyramid Valley swamp (NZMS 1 S61 980240) on the north side 

of the Doctors Hills has been described by Moar (1970). Radiocarbon 

dates indicate the peaty deposits were accumulating prior to 4280±62 

and after 2620±49 years before present. During this period beech 

(Nothofagus spp.) was the dominant forest species in association with 

matai (Podocarpus spicatus) and various hardwoods. Woody remains in 

the upper layers of the swamp included matai and various hardwoods. 

3.6.3 Description of physiographic strata 

In determining the physiographic strata ar?ropriate to the 

objectives of th1s study consideration has been given to the landscape 

features of the study sites (Photos 2 and 3). These have been 

compared with other landscape studies of areas with similar fine 

textured erosional relief (Hack and Goodlett, 1960). The 

physiographic stratification proposed in this study recognises the 

potential effects of aspect, slope hydrology, and soil catenary 

relationships on soil morphological, chemical and physical properties 

and on soil distribution. The terminology used to describe the 

physiographic strata on individual slopes is that of Hack and Goodlett 

(1960), Ruhe and Walker (1968) and Huggett (1975), and is illustrated 

in Figure 5. 

Slope Contour Strata: The slope contour is divided into two 

strata, distinguished by the curvature of the contour. 
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Slope Contour Strata 

r--

Slope Profile Strata 

Nose -:1 
SUt~MIT - SHOULDER I HEADSLOPE 

BACKSLOPE 

FOOTS LOPE - TOES LOPE 

FIGURE 5 •. Terminology for physiographic strata 
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(1) Hollows, are those segments of the slope with a planar to 

concave contour, that lie adjacent to the thalweg of a valley basin. 

These are the segments of the slope, in which the deepest soils occur 

and through which throughflow is transmitted to ephemeral streams. 

(2) Interfluves and Noses, are those segments of the slope with 

a convex contour, that form the watersheds between adjacent hollows. 

These are the segments of the slope, in which shallow soils occur in 

association with bedrock outcrops. 

In this description the sideslope, a rectilinear segment of the slope 

contour, has been omitted to reduce the number of physiographic strata. 

That part of the slope contour, recognisable as the sides lope is 

apportioned equally between the hollow and nose-interfluve slope 

contour strata. 

Slope Profile Strata: The slope profile is divided into three 

strata, distinguished by the curvature of the slope profile. For the 

purpose of description these strata are listed in descending order 

along the medial lines of hollows and noses respectively. 

(la) Summit-shoulder, the upper planar to convex slope of 

noses. 

(lb) Summit-headslope, the upper planar to convexo-concave 

slope of hollows. 

(2) Backslope, the middle planar to slightly convexo-concave 

slope of noses, or planar to slightly concave segment of hollows .. 

(3) Footslope-toeslope, the lower concave to planar slope of 

either noses or hollows. In some situations only the footslope is 

recognisable, as the valley floors are sufficiently narrow, that the 

colluvial apron of the toeslope has not formed. 

Aspect: The orientation of slopes, especially within steep 

hill country determines the microclimate, particularly in the mid 

latitudes (Lambert and Roberts, 1976; Gillingham and Bell, 1977; 

Radcliffe and Lefever, 1981). The contrasts in microclimate vary from 

summer to winter, with the greatest contrasts for slopes with a 

northerly and southerly orientation. Aspects are grouped into four 

classes with the following slope orientations: 
o 0 

(1) North, from 315 to 045 . 

(2) 

(3) 

(4) 

o 0 
East, from 045 to 135 . 

o 0 
South, from 135 to 225 . 

o 0 West, from 225 to 315 . 
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3.6.4 Site locations and soil sampling procedures 
\ 

Stratification of the soil iandscapes of Hurunui and Haldon 

steepland study areas was achieved by combining physiographic slope 

contour and profile strata with aspect classes (Figure 6). 

Aspect 
classes 

East 

west 

Physiographic strata 

Slope contour 
strata 

" , " , 
-- --:~)j Hollow 

........ 
........ 

Slope profile 
strata 

Summit-shoulder 

Summit-headslope 

Backslope 

Footslope-toeslope 

Figure 6. Combination of physiographic strata and aspect 

classes. 

Three soil sites were situated along medial transect lines down nose 

and hollows, to represent the shoulder, mid-backs lope and footslope 

respectively. A total of 24 soil profiles were sampled from the 

Hurunui, and 12 from the Haldon study areas. The locations of 

sampled profiles are indicated in Figures 26 and 27, and code numbers 

recorded in Table 16. 

Where ever possible soils were sampled by the following depth 

increments, 0-10, 10-20, 20-40, 40-60, 60-80 and 80-100 cm. When 

this procedure resulted in sampling across easily distinguished 

soil horizon or stratigraphic boundaries, the sample was taken to 

within the nearest 5 or 10 cm increment of the boundary. Soil profiles 

shallower than 1 m were sampled to the bedrock regolith interface. 

Each soil was sampled from the upper left hand (facing upslope) side 

of approximately 1 m2 pits. Depth increments were measured at right 

angles to the surface slope. At the Coopers Creek Research Area an 

attempt was made to volume weight sample using rectangular metal 

sampling frames of 20 x 25 cm for very stony samples and 20 x 12.5 cm 
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1. Hurunui Steepland Soils, Coopers Creek Research Area 

Physiographic Strata South Aspect North Aspect 

Slope Contour Slope Profile Soil Profile Code Number 

Nose Shoulder 1 7 13 19 

Backslope 2 8 14 20 

Foots lope 3 9 15 21 

Hollow Heads lope 4 10 16 22 

Backslope 5 11 17 23 

Footslope 6 12 18 24 

2. Haldon Steepland Soils, Mt Pleasant, Hunua. 

Physiographic Strata South Aspect North Aspect 

Slope Contour Slope Profile Soil Profile Code Number 

Nose Shoulder 25 31 

Backslope 26 32 

Footslope 27 33 

Hollow Heads lope 28 34 

Backslope 29 35 

Footslope 30 36 

Table 16. Code numbers of soil profiles sampled for analysis 

from Coopers Creek Research Area and Mt Pleasant, Hunua. 
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for stony samples. A brick-layers chisel and hammer was used to cut 

a channel sample using the sampling frame as a guide. At the Haldon 

steepland soils study site no attempt was made to volume weight sample, 

and channel samples of approximately 10 cm x 10 cm x increment depth 

were taken. 

The soil samples were weighed in their field moist state, air 

dried and then reweighed. They were then screened to remove gravels 

and stones (> 2mm diameter) and the weights of gravels plus stones and 

the fine earth « 2mm diameter) were recorded. Samples were retained 

for subsequent physical, chemical and mineralogical analyses. 



CHAPTER 4 

A STUDY OF SOIL DEVELOPMENT AND DISTRIBUTION WITHIN THE HURUNUI 

AND HALDON STEEPLAND SOILS, CANTERBURY, NEW ZEALAND. 

PART TWO: THE PHYSICAL CHARACTERISTICS OF THE REGOLITH 

4.1 SUMMARY 
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Reconnaissance and detailed studies of the Hurunui and Haldon 

steepland soils, are used to synthesise models of the distribution, 

stratigraphy, and sedimentology, of the debris mantle regolith within 

first order valley basins. 

Lithotypes of the Canterbury Suite (Andrews et al., 1976) are 

identified, and the weathering grades of the bed rock regolith and of 

rock fragments are established. A relationship between sedimentary 

lithology, fracture spacing, grade of weathering and size range of 

derived clasts is identified. 

The debris mantle regolith is thinnest (0-50 cm) on nose and 

thickest (1-3 m) on hollow slopes. The Haldon steepland soils are 

characterised by thinner debris mantles and more rock outcrops on 

nose slopes in comparison to the Hurunui steepland soils. 

The results of a morphometric analysis for the Hurunui steepland 

soils, showed modes of slope angle (measured over 1 m slope lengths) 

at 14°_15° and 22°_25°. Nose slopes showed a higher frequency of slope 

° angles > 26 . 

Size grade frequency distributions of 64 soil/coarse colluvium 

samples, from 12 physiographically stratified profiles, from Hurunui 

steepland soils study area were analysed. phi scale-probability and 

selected log scale-Rosin's Law probability distributions were plotted. 

The latter were compared with distributions of scree samples (Pierson, 

1982). Gravel and sand size grades of both soil/coarse coliuvium and scree 

samples have distributions that are described by Rosin's Law of crushing. 
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The silt and clay grades are better described by a log-normal 

distribution. Grain size parameters of Mz, ~, SKI and ~ (Folk and 

Ward, 1957) distinguish soil/coarse colluvium samples into nose and 

hollow subsets. The scree and hollow subset samples have the same 

range of Mz and comparable ranges of ~ and SKI. This produces 

overlapping distribution envelopes when these parameters are plotted, 

in pairs, on scatter diagrams. 

QDa/Md plots (Buller and McManus, 1972, 1973) of the soil/coarse 

colluvium nose subset, and hollow subset plus scree samples have 

overlapping distributions. However, they also show two significantly 

different trends related to the initial production of scree by physical 

weathering, and a subsequent textural modification by population addition 

to form a diamicton comparable to a coarse bimodal till. The scree and 

hollow subset samples plot within the "physically weathered rock debris 

envelope" and the nose subset within the "glacial envelope of coarse 

bimodal tills". 

The textures of soil/coarse colluvium (Hurunui and Haldon 

steepland soils) and scree samples, plotted on triangular graphs, 

showed the same range of % gravels but were distinguished by their 

mud:sand ratios. soil/coarse colluvium samples occur within gravel, 

~uddy gravel and gravelly mud textural classes (Folk et al., 1970), 

whereas scree samples occur in the gravel, sandy gravel and muddy 

sandy gravel classes. 

From the sedimentological data presented a hypothetical 

evolutionary pathway can be constructed for the soil/coarse colluvium 

debris mantle regoliths, upon which the Hurunui and Haldon steepland 

soils are formed. The stages envisaged are, the initial spalling of 

bedrock outcrops to form scree like deposits. These are continually 

modified by the addition of fine grain sizes (dominant on nose slopes) 

and coarse grain sizes (dominant on hollows). The fine grain size 

additions are complemented by the weathering of the smaller and finer 

grained clasts, adding to the sand, silt and clay populations. Where 

rock outcrops are numerous, the sedimentological differentiation between 

nose and hollow slopes is less distinct. By contrast, where rock 

outcrops are few and the debris mantle more extensive, finer textures 

(the % and size of clasts) occur on nose slopes, compared to hollow 

slopes. 



4.2 INTRODUCTION 

The spatial variations in depth, texture and porosity of the 

debris mantle regolith and the lithology, fracturing and degree of 

decomposition of the underlying bedrock regolith, have a significant 

effect on slope development, stability and hydrology. The debris 
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mantle and bedrock regolith~ comprise the initial mineral materials from 

which soils develop. Within first order valley basins, the textural 

sorting and distribution of the debris mantle has a major influence on 

the soil pattern. 

Few studies of the spatial variations of scree or coarse colluvial 

debris mantle regoliths, within drainage basins, have been attempted. 

The difficulties of sampling and transporting representative quantities 

of material for subsequent analysis are substantial. Tb overcome these 

sampling difficulties representative surface samples, or soil profiles 

from accessible exposures are used in most of the published studies 

(Hack and Goodlett, 1960; O'Loughlin, 1965; Harris, 1975; Church et al., 

1979; Pierson, 1982; Whitehouse and McSaveney, 1983). Unfortunately 

neither of the above alternatives gives a satisfactory three dimensional 

representation of the debris mantle with respect to slope form and 

position. 

In this study the results of reconnaissance, semi-detailed and 

detailed studies are used to synthesise models of the debris mantle 

regoljth in first order valley basins, for the Hurunui and Haldon 

steepland soils. Sedimentological analyses are described for soil/ 

coarse colluvial profiles, from the debris mantle regolith, at the 

Coopers Creek and Mt Pleasant study areas (Table 15, Figure 4). The 

results of these analyses are compared with sedimentological studies 

of screes (pierson, 1982) formed from the Canterbury Suite lithotypes. 

4.3 STUDY SITES 

The semi detailed and detailed study site locations were 

described in sections 3.5 and 3.6 and listed on Table 15. Methods of 

soil/coarse colluvial profile selection and sampling are detailed in 

subsection 4.6.4. Additional observations were recorded from exposures 

along farm tracks and from pits excavated along slope profile transects 
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at the various study locations. A total of 128 detailed descriptions 

were made from these pits. The sampled soil/coarse colluvial profiles 

are described in Appendix 2, section 5.7.2. 

4.4 METHODS 

The field observations of the morphological properties of the 

soil/coarse colluvial profiles were made using pedological methods of 

description (Taylor and Pohlen, 1962). Visual estimates of the volume 

of gravels, stones and boulders, in each of the recognised soil horizons 

or stratigraphic layers, were classified according to the volume and 

size classes listed in Table 17. 

% VOLUME ROCK FRAGMENT CLASS SIZE (largest dimension) 

OF ROCK 

FRAGMENTS 
2 - 20 nun 20 - 200 nun > 200 nun 

2 - 15 % slightly gravelly slightly stony slightly bouldery 

15 - 50 % moderately gravelly moderately .stony moderately bouldery 

50 - 90 % very gravelly very stony very bouldery 

> 90 % gravel stones boulders 

Table 17. Field estimated volume and class sizes of rock fragments 

Where the bedrock regolith or bedrock was exposed the rock was identified, 

the fracture pattern described and the degree of rock decomposition was 

graded using the classification outlined in Table 18. Similarly 

rock fragments in the coarse colluvium were identified, their shape 

noted and the degree of decomposition graded using a classification 

adapted from an engineering geology classification (Fookes et al., 1971) 

and outlined in Table 19. 
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Degree of 
Grade Description : Hard Rocks 

Decomposition 

Unweathered I Rock shows no discolouration or loss of 
or Fresh strength or any other defects due to 

weathering. May have some staining of defect 
surfaces (faintly weathered) , but staining 
does not penetrate rock fabric. 

Slightly II Rock may be slightly discoloured; defects or 
weathered discontinuities may be open and have discolour-

ed stained surfaces. Slight penetration on 
defect surfaces. Only slightly weaker than 
fresh rock. 

Moderately III Rock is discoloured throughout. Defects may 
weathered be open and stained (usually iron and manganese 

oxides) . Staining and decomposition partly 
penetrates the rock fabric, leaving a core of 
fresh rock. Noticeably weaker than fresh rock. 

Highly IV Rock is discoloured, defects may be open and 
weathered stained or clay coated, some of the adjacent 

rock fabric is weathered to soil; weathering 
penetrates deeply inwards. Rock fabric 
persists and fresh core stones are usually , 
present. Rock is severely weakened. 

Completely V Rock is discoloured, stained, and is 
weathered completely decomposed to a soil, although the 

original rock fabric is mainly preserved. The 
properties of the soil depend in part on the 
nature of the parent rock. 

Residual VI Rock is completely discoloured and decomposed 
soil to a soil with the original rock fabric 

completely destroyed. There may be a 
significant increase in volume. 

Table 18. Engineering geology classification of weathering grades for 

hard rocks (modified after Fookes and Horswill, 1969; 

Fookes et al., 1971). 



Degree of 
decomposition 

of rock 
fragments 

Unweathered 
or Fresh 

Slightly 
weathered 

Moderately 
weathered 

Highly 
weathered 
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weathered 

Soil 

Grade 

1 

2 

3 

4 

5 

6 
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Description : Hard rock fragments within the 
debris mantle regolith. 

Gravel, stone and boulder size grades. 

Rock fragments show no surface discolouration, 
loss of strength or any other effects due to 
weathering. 

Rock fragments may be discoloured on the 
surface, with slight penetration along defect 
surfaces and some penetration of the rock 
fabric. This may form a recognisable 
weathering rind, the thickness of which can be 
measured. The interior of rock fragments is 
the colour of the fresh rock. Rock fragments 
are only slightly weaker than the fresh rock. 

Rock fragments are discoloured throughout 
although a core of fresh rock may persist. 
Rock fragments cannot be crushed by hand but 
may be further reduced in size by breaking. 
along defects. 

Rock fragments are discoloured throughout with 
colours comparable with the fine earth matrix. 
They can be crushed by hand, yielding sandy or 
silty textures, with some smaller rock 
fragments. Some mineral components and zones 
of decomposition along defects may be clayey 
in texture. 

Rock fragments have a colour and consistence 
comparable to the fine earth matrix. They are 
only recognisable by the persistence of a rock 
fabric. 

Rock fragments are indistinguishable from the 
fine earth matrix. The fine earth matrix may 
vary in texture from sandy to clayey and has a 
soil fabric and/or structure. 

Table 19. Classification of weathering grades for hard rock fragments 

in a debris mantle regolith (modified and adapted from 

Fookes et al., 1971). 
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The texture of the fine earth matrix was assessed using the pedological 

field methods (Taylor and Pohlen, 1962). 

Slope profiles and frequency histograms of slope angle, from the 

Coopers Creek Research Area were constructed from measurements of slope 

angle of alternate 1 m slope segments using a pantometer and abney 

level, following the procedures described by Young (1972) and Young 

et al., (1974). 

For each of the Coopers Creek Research Area sampling sites, 

between 2 and 20 kg of field moist soil/coarse colluvium were obtained 

for each sampled depth increment. A larger sample area (20 x 25 cm) 

and therefore sample weight was obtained for very stony (gravelly) or 

coarser samples. This was to ensure sufficient fine earth material was 

taken for subsequent analyses. Samples were weighed moist, air dried 

and then reweighed and both field moist and air dry weights recorded. 

The air dried samples were then passed through screens with square 

101.6 rom, 51.8 rom, 19.0 rom, 12.7 rom, 6.3 rom and 2.0 rom openings and 

both the weights and volumes of rock fragments recorded. The less than 

2 rom diameter fraction was then lightly rolled to crush soil aggregates, 

mixed and split by the method of quatering to give subsamples of 

approximately 10 to 20 g. These'subsamples were weighed, and then 

treated with boiling 30% hydrogen peroxide to remove organic matter and 

then treated with a dispersing solution (66g sodium hexa meta phosphate 

+ 14g sodium carbonate per litre). The treated and dispersed samples 

were washed through a 63 micron sieve. The greater than 63 micron 

subsamples were oven dried and sieved at half ~ intervals (Endecott 

shaker, 10 minutes sieving time). The less than 63 micron subsamples 

were analysed using a Micrometrics Sedigraph 5000 particle size analyser. 

For each of the Mt Pleasant, Hunua soil sampling sites, between 2 and 

20 kg of field moist soil/coarse colluvium were obtained for each 

sampled depth increment. Samples were air dried, gently rolled to 

crush soil aggregates and sieved through a 2 rom diameter screen. The 

less than 2 rom fraction was treated with hydrogen peroxide, dispersed 

and subsequently dry sieved through a 0.063 rom diameter screen. The 

weights of gravels, sand, and mud (silt plus clay) were recorded. 

Cumulative grain size frequency distribution curves for each of 

64 soil/coarse colluvium samples from the Coopers Creek Research Area, 
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were plotted on phi scale-probability paper. In addition cumulative 

grain size frequency distribution curves for a selection of these 

soil/coarse colluvium samples were plotted on log scale-Rosin's law 

probability paper. The following grain size parameters (Folk and 
~olk 

Ward, 1957; ~, 1966) were determined from the phi scale-probability 

curves: 

(a) Graphic mean grain diameter (Mz). 

(b) Inclusive graphic standard deviation (~). 

(c) Inclusive graphic skewness (SKI)' 

(d) Graphic kurtosis (KG)' 

Quartile-deviation/median diameter plots on double logarithmic paper 

were prepared from the phi scale-probability curves, following the 

method of Buller and McManus (1972, 1973). 

The textural classification for gravel bearing sediments (Folk 

et al., 1970) was determined from a triangular plot for soil/coarse 

colluvium samples from Coopers Creek Research Area and Mt Pleasant, 

Hunua. The textural classification of the fine earth matrix of the 

soil/coarse colluvium samples from Coopers Creek Research Area was 

determined from triangular plots. Two classifications were used, that 

for gravel free sediments (Folk et al., 1970) and the soil texture 

classification of the New Zealand Soil Bureau (Taylor and Pohlen, 1962). 

4.5 RESULTS AND DISCUSSION 

4.5.1 Landscape analysis 

The hill country surveyed is a region of tectonic deformation 

forming the eastern part of a shear zone that includes the Southern Alps. 

Estimates of vertical uplift rates for the eastern hill country vary 

between 1.5 and 0.1 rom yr- 1 (Berryman, 1979; Wellman, 1979). The results 

of both vertical and horizontal shear are evident from the macro, meso 

and micro patterns of faults, sheared bedding planes and fractured beds 

(Sporli, 1979). 

The geomorphological features of the landscape indicate the 

dominant influence of the fluvial processes of stream incision and 

valley development, with complementary slope development under mass 

failure. This has been described in detail in subsections 2.1.3. 

These processes have resulted in the development of drainage networks 

with their component landforms (Photos 2 and 3). The concept of the 
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first order valley basin (Hack and Goodlett, 1960; Huggett, 1975) is 

applicable in the analysis of landform-regolith-soil relationships. 

The bedrock geology in all the areas examined was predominantly 

the thick bedded sandstone lithotype, with associated but less 

extensive outcrop areas of the thin bedded siltstone lithotype of the 

Canterbury Suite (Bradshaw, 1972; Andrews et al., 1976). A description 

of these lithotypes is given in section 2.1.2. 

The finer the texture of a sedimentary bed, the more closely 

spaced the fracture pattern. For thick (> 2m) medium sandstone beds 

the fractures had spacings ranging from > 300mm to about 20mm. This 

was reflected in the size of the angular boulders and stones spalled 

from sandstone outcrops. Fine sandstone and silty fine sandstone beds 

had fracture spacings ranging from about 150mm to <5mm, with many of 

the angular or subangular clasts of fine sandstone in the debris mantle 

in the 50mm to 10mm size range. The siltstone and mudstone beds had 

abundant closely spaced fractures at spacings ranging from 20mm to 

<2mm. In many cases these fine grained beds showed evidence of being 

sheared between the more competent sandstone beds. 

A bedrock regolith was evident in all areas studied, with 

outcrops of unweathered bedrock (grade I) seldom seen. The best 

exposures were road cuts through nose slopes where slightly to moderately 

weathered (grades II and III, Table 18) sandstone predominated. 

Weathering grades of silty sandstone, siltstone and mUdstone beds were 

commonly one grade higher than for adjacent sandstone beds. Highly 

weathered (grade IV) to completely weathered (grade V) siltstone and 

mudstone beds were observed in some soil pits on nose slopes. A lack 

of suitable exposures prevented the determination of the depth of 

weathering. 

Synthesised models, based on the reconnaissance and detailed 

studies of the relationship of the bedrock regolith to the debris 

mantle regolith, are illustrated in Figures 7, 8a and 8b. 



Debris Mantle 

Rock 

[g Regolith 

OJ slightly weathered very stony J 

silt/sandy loam 
[l] moderately/slightly weathered very 

s ton YJ s i l t loa m (A h h 0 r i z 0 n) c lay 

loam (Bw horizon) 

rn moderately / highly weathered vo.ry 
s ton YJ c lay loa m . 
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(g slightly/ moderately weathered J fractured J 

sandstone and interbedded siltstone 

Figure 7. An idealised hollow slope profile, illustrating 

stratigraphic and weathering relationships of 

debris mantle and bedrock regoliths. 
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The models for the Hurunui (Figure 8a) and Haldon steepland soils 

(Figure 8b) are based on the results of the studies at Coopers Creek 

and Mt Pleasant respectively. In these and other sites (Table 13) 

the debris mantle regolith varied in thickness within first order 

valley basins, being thinnest across nose and thickest on hollow slopes. 

The main contrast between the Hurunui and Haldon steepland soils is in 

the depth and extent of the debris mantle regolith on nose slopes. For 

the Haldon steepland soils these are characterised by outcrops of the 

bedrock regolith, and the discontinuous debris mantle is very thin 

« 30cm). The impression is of narrow, craggy nose slopes. In contrast, 

nose slopes in the Hurunui steepland soils have fewer rock outcrops. 

The debris mantle regolith is thicker (up to SOcm) and more extensive, 

giving the impression of broader and more rounded nose slopes. The 

depth of the debris mantle in hollows ranged from 1m to in excess of 

3m for all sites examined. 

The texture of coarse colluvium varies between nose and hollow 

slopes. There was a recognisable increase in the volume of rock 

fragments in proportion to matrix in the hollow, back and footslopes. 

This trend was more evident in the Hurunui steepland soils. If bedrock 

regolith outcrops were numerous on nose slopes, as in the Haldon 

steepland soils, related surface accumulations of stones and gravels 

diminished the contrast in texture between nose and hollow slopes. The 

dominant textures vary from moderately stony to very stony with a matrix 

of sandy loam, silt loam or clay loam. From field assessments of 

texture and fabric, these coarse colluvial deposits are diamictons; that 

is unconsolidated sediments with a wide range of particle size (Flint 

et al., 1960a, 1960b). 

The debris mantle regolith is stratified into two, and less 

commonly three layers, with a tendency for rock fragments to exhibit 

a higher grade of weathering in the lower layers (Figures 8a and 8b) . 

The upper most layer containing slightly weathered rock fragments and 

a sandy loam or silt loam fine earth matrix was restricted in its 

distribution to hollows, and immediately downslope from bedrock 

regolith outcrops. The second layer was the most widespread in its 

distribution, across both nose and hollow slopes. The third and lowest 

layer, was only observed in hollows, and was more common in the Hurunui 

steepland soils. The stratigraphic relationships of the debris mantle 

in relation to the bedrock regolith for five locations; Doctors Hills, 

Mt Thomas, Coopers Creek, Wyndale Hills and Geraldine (Table 13) are 
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columns for hollow backslopes: Hei Hei Te Moana-Geraldine, 

Wyndale Hills, Coopers Creek Research Area and 

Mt Pleasant, Hunua. For description of Layers 1 to 4, 

refer to Figure 7. 
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shown in Figure 9. Each stratigraphic column is a synthesis of many 

separate but comparable observations at each location, and is 

representative of the debris mantle stratigraphy in a hollow, backslope. 

There were very few situations where the cross-section exposed in road 

cuttings were deep enough to reveal the stratigraphy of the debris 

mantle across a nose-hollow-nose cross-section. In one such stratigra

phic cross-section, exposed in the road cut along Lundys Road, Mt Thomas 

an erosional discontinuity was recognisable between the second and 

third colluvial layers (Figure 10). Carbonised wood was only found in 

sufficient quantities for radiocarbon dating at Geraldine-Hae Hae Temoana 

(Table 13). A date bf less than 200 years B.P. (GR 5102/55-99 in Goh 
.ror" 

and Molloy, 1979) was determined ~ charcoals in the upper colluvial 

layer. Dates of 4100±60 years B.P. for charcoal and of S120±70 years 

B.P. for humin residue after chemical treatment of the charcoal 

(5102/624 and 5102/627 in Goh and Molloy, 1972) were determined for 

charcoals sampled from a thin buried soil, immediately beneath the 

stratigraphic equivalent of the second colluvial layer. 

The measurement of the slope angle of rectilinear slope segments 

was undertaken whenever soil/coarse colluvium profiles were described. 

The steepest slope segments, rectilinear backslopes, had slope angles 

in the range of 18 - 28°. 5teeper slope angles, in the range of 30° 

- 50° were associated with microtopographic features such as; outcrops 

h b k . h 1 . d mOlAno . h of t e edroc rego11t, steeper e ements of P1t an ~ m1crotopograp y, 

and short rectilinear slope segments where the bedrock regolith was 

mantled with a very thin « 30cm) debris mantle regolith. 

The results of a morphometric analysis of 23 slope profiles, 

from the Hurunui steepland soils, Coopers Creek Research Area, are 

presented as percentage frequency histograms (Figure 11). True slope 

angles were measured over 1m slope lengths, and plotted at 2 degree 

slope intervals. The frequency histograms for: all slope profiles, 

nose slope profiles, and hollow slope profiles show two dominant 

modes in the range of 14° - 15° and 22° - 25°. The higher slope 

angles are commonly associated with rectilinear backs lope segments. 

° ° The 14 - 15 mode and greater frequency of low slope angles is more 

evident in hollow slope profiles. In contrast, the nose slope profiles 

show a greater percentage frequency of slope angles in the range of 

26° - 49°. The low angle and high angle tails to the histograms are 

the result of including micro relief by the measurement technique 
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adopted (refer to discussion in; Gerrard and Robinson, 1971; Blong, 

1972). Segments with high slope angles (> 30°), were associated with 

outcrops of the bedrock regolith, short headslopes or terracettes or 

pi t and mound micl.'otopography, or from the front slope of "scree like" 

coarse stone accumulation:in hollows. 

Slope profiles, from the Coopers Creek Research Area, from which 

soil/coarse colluvium profiles were sampled (Appendix 2, section 5.7.2) 

are plotted at 10m slope intervals for the southerly aspect 

(Figure 12a) and for the northerly aspect (Figure 12b). Nose slope 

profiles show an upper convexity and a rectilinear slope, whereas the 

hollow slope profiles show an upper convexity, a rectilinear slope 

and a lower concave slope. 

4.5.2 Cumulative size grade distributions 

A total of sixty four samples were analysed for cumulative 

size grade distributions (Appendix 1, section 4.7.0). These samples 

were from twelve soil/coarse colluvium profiles representing nose 

and hollow; shoulder backs lope and footslope physiographic strata. 

Six profiles were sampled from southerly, and six from no:r-therly 

aspects of the Coopers Creek Research Area respectively. Representative 

cumulative grain size frequency dist,ribution curves, plotted on phi 

scale-probabili ty paper, together with the envelope containing all 

analysed samples are shown for the southerly aspect (Figure 13a) 

and the northerly aspect (Figure 13b). There is an extremely wide 

variation in particle size. The > 2rnrn diameter fraction varies 

between samples from 20% - 90% and the < 0.063rnrn fraction from 

4% - 55% (Figures 13a, 13b and Table 21). 

Visher (1969) showed that cumulative grain size frequency 

distributions of sediments, from a wide variety of modern fluvial and 

eolian environments, plotted into two or three straight line segments 

when graphed on phi scale-probability paper. It has been suggested 

that for fluvial environments, each of these population breaks in the 

grain size distribution correspond to different transport subpopulations 

preserved in the sediment (Sagoe and Visher, 1977). The cumulative 

grain size frequency distribution curves for soil/coarse colluvium 

samples (Figures 15 and 16; Appendix 1, section 4.7) can be separated 

into two segments with the truncation points lying between -3 phi and 

-1 phi. The point of inflection is quite sharp for some curves and for 
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others the curve is quite convex and are comparable to Rosin's Law 

distributions. The transport mechanisms determining the grain size 

properties of soil/coarse colluvium have not been studied, but are 

assumed to be principally gravitational processes affecting the 

coarser grain sizes. Transportation and deposition by overland flow, 

throughflow and eolian processes are likely to have contributed to the 

finer interstitial subpopulation. A further mechanism is the erosion, 
~ 

transportation and deposition of debris flows (Pierson, 1980 A ,1981) 

although this is more likely to influence footslopes and toeslopes of 

hollows. The finer grain sizes of silt and clay are subject to in situ 

weathering modifying the original size distribution. 

Cumulative grain size frequency distributions of selected soil/ 

coarse colluvium samples were plotted on log scale-Rosin's Law 

probability paper (Figures 14a and 14b). Rosin's Law is intended to 

describe the grain size distribution of crushed clastic material. It 

was introduced in a geological context by Kittleman (1964) and has 

been applied in the sedimentological analysis of stratified scree 

(Harris, 1975) and debris slope (Church et al., 1979) deposits. The 

coarse colluvial samples from Coopers Creek (Figures 14a and 14b) p19t 

into two or three straight line segments in the coarser size grades. 

The silt and clay size grades plot on as a concave segment of the curve 

and therefore deviate from a Rosin's Law distribution. The coarser 

stone, gravel and sand size grades plot as straight line segments and 

are interpreted as more closely conforming to a Rosin's Law distribution. 

The changes in slope of these straight line segments reflect the 

presence of different textures of sedimentary rock fragments, such as 

medium sandstone, silty fine sandstone, and siltstone each with different 

mechanical strengths. Cumulative grain size frequency distributions of 

selected scree slope deposits from the Craigieburn Range (pierson, 1982 

and unpublished data) are plotted on log scale-Rosin's Law probability 

paper (Figure 15) as a comparison with the soil/coarse colluvium 

samples from the Coopers Creek Research Area (Figures 14a and 14b) . 

The Craigieburn Range is formed of lithotypes of the Canterbury Suite 

with a predominance of sandstones with interbedded siltstones and 

mudstones. The grain size curves for the scree samples (Figure 15) 

show either two or three straight line segments approximating to 

Rosin's Law, with the fine grained tail of some curves showing a 

concave form. There is a change in the shape and slope of the curves 
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with a decrease in the weight percent of the> 2mm diameter fraction. 

Comparison of these scree samples (Figure 15), with the soil/coarse 

colluvium samples (Figures 14a and 14b), indicates a progressive change 
-; n" 

in sedimentological properties with a decreas¢ clast size. The 

breakdown of clasts of differing strength is related to both the 

texture and mineralogy of the original sedimentary rock. For both 

gravel and sand size grades, the reduction of particle size approximates 

Rosin's Law for crushed clastic material. 

4.5.3 Grain size parameters 

Grain size parameters (Folk and Ward, 1957; Folk, 1966) derived 

from the cumulative grain size frequency distribution curves (Appendix 

1, section 4.7) are given in Table 20_ Graphic estimates of mean and 

standard deviation have been shown to differ insignificantly with 

estimates of these statistics calculated by the moment technique 

(Swan et al., 1978). In contrast the relationship between these two 

methods of estimating skewness and kurtosis measures are poorly 

defined. This is inpart because the graphic measures ignore the 

influence of the < 5% and > 95% tails of the frequency distribution 

curves. Therefore inclusive graphic skewness and graphic kurtosis 

should be interpreted with due caution. 

In the following tables the consecutive depth increments for 

each sampled soil/coarse colluvium profile are set out in the order 

of: aspect, nose or hollow, and slope profile strata. 

An extremely wide range in graphic mean size, expressed in 

phi units, was encountered within sampled soil/coarse colluvium 

profiles, as well as between sampling sites (Table 20). The range 

in graphic mean size was from -4.5 phi to 5 phi. According to Folk's 

(1968) classification, sorting or inclusive graphic standard deviation 

ranged from "poorly sorted" to "extremely poorly sorted", inclusive 

graphic skewness from "nearly symmetrical" to "strongly fine skewed", 

and graphic kurtosis from "platykurtic" to "extremely leptokurtic". 

Scatter plots have previously been used to examine the interrelationships 

of these four grain sized parameters, for fluvial sediments (Folk and 

Ward, 1957; Hume et al., 1975) and for diamictons of glacial, 

gravitational and fluvial origin (Landim and Frakes, 1968). 



Soil Profile 
Graphic Inclusive Inclusive Graphic 

Mean Graphic Graphic Kurtosis 
(Mz) cp Standard Skewness (KG) 

No. Depth (m) Dev.iation (SKI) 
(°1) cp 

4.1 0 - 0.1 -3.5 2.8 +0.3 4.3 

4.2 0.1 - 0.2 -2.2 4.4 +0.5 3.1 

4.3 0.2 - 0.4 -1.9 4.1 +0.7 3.1 

4.4 0.4 - 0.6 -2.0 4.1 +0.6 3.3 

4.5 0.6 - 0.8 -1.0 4.4 +0.7 2.7 

4.6 0.8 - 1.0 -1.1 4.8 +0.6 2.1 

5.1 0 - 0.1 -2.4 4.6 +0.5 2 .. 2 

5.2 0.1 - 0.2 -2.0 4.6 +0.6 2.4 

5.3 0.2 - 0.4 -0.8 5.2 +0,7 1.9 

5.4 0.4 - 0.6 -1.2 4.8 +0.7 2.3 

5.5 0.6 - 0.8 -2.9 4.1 +0.5 2.3 

5.6 0.8 - 1.0 -2.5 4.1 +0.7 2.6 

6.1 0 - 0.1 -2.2 4.5 +0.7 1.8 

6.2 0.1 - 0.2 -4.0 3.3 +0.4 2.2 

6.3 0.2 - 0.4 -2.6 3.4 +0.6 2.5 

6.4 0.4 - 0.6 +0.2 4.8 +0.6 1.0 

6.5 0.6 - 0.8 +1. 0 5.2 +0.4 0.8 

6.6 0.8 - 1.0 +1. 3 5.1 +0.3 0.8 

Table 20a. Grain size parameters for samples of soil/coarse 

colluvium, Coopers Creek Research Area. 

South aspect, hollow, headslope (4.1 - 4.6), 

backslope (5.1 - 5.6) and footslope (6.1 - 6.6) 
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soil Profile 
Graphic Inclusive Inclusive Graphic 

Mean Graphic Graphic Kurtosis 
(Mz) </> Standard Skewness (KG) 

Deviation (SKI) No. Depth (m) 
(0 I) </> 

7.1 o - 0.1 +0.4 5.8 +0.7 0.8 

7.2 0.1 - 0.2 -3.0 3.0 +0.3 1.9 

7.3 0.2 - 0.3 -3.8 1.9 +0.4 1.6 

8.1 0 - 0.1 +0.9 5.8 +0.7 0.7 

8.2 0.1 - 0.2 +0.2 5.0 +0.7 1.7 

8.3 0.2 - 0.4 +1.1 5.9 +0.7 0.9 

8.4 0.4 - 0.6 +1. 5 6.5 +0.7 0.9 

8.5 0.6 - 0.75 -2.6 4.1 +0.5 2.2 

8.6 0.75 - 0.9 +0.5 5.2 +0.5 1.7 

9.1 o - 0.1 +5.0 6.4 -0.1 0.7 

9.2 0.1 - 0.2 +5.5 6.2 0 0.7 

9.3 0.2 - 0.4 +3.3 6.5 +0.5 0.8 

9.4 0.4 - 0.6 +2.8 7.0 +0.5 0.9 

9.5 0.6 - 0.7 +1.9 5.3 +0.4 1.0 

9.6 0.7 - 0.9 +0.4 3.9 +0.5 1.1 

Table 20b. Grain size parameters for samples of soil/coarse 

colluvium, Coopers Creek Research Area. 

South aspect, nose, shoulder (7.1 - 7.3), 

backs lope (8.1 - 8.6) and footslope (9.1 - 9.6). 
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Soil Profile 
Graphic Inclusive Inclusive Graphic 

Mean Graphic . Graphic Kurtosis 
(Mz) <P Standard Skewness (KG) 

No. Depth (m) 
Deviation (SKI) 

(°1) <P 

13.1 o - 0.1 +0.7 5.5 +0.7 0.7 

13.2 0.1 - 0.2 -0.2 5.2 +0.7 1.0 

13.3 0.2 - 0.4 +0.9 5.9 +0.6 0.8 

13 .4 0.4 - 0.6 +0.2 6.0 +0.7 1.2 

14.1 o - 0.1 +3.2 6.0 +0.1 0.7 

14.2 0.1 - 0.2 +1.7 5.8 +0.5 0.7 

14.3 0.2 - 0.3 +0.3 5.5 +0.7 1.0 

14.4 0.3 - 0.5 +1.1 7.4 +0.8 1.1 

15.1 o - 0.1 +3.1 6.7 +0.2 0.7 

15.2 0.1 - 0.2 +2.9 6.6 +0.3 0.7 

15.3 0.2 - 0.3 +2.0 7.5 +0.8 0.9 

15.4 0.3 - 0.5 +1. 3 7.7 +0.6 1.0 

15.5 0.5 - 0.7 +1.9 6.6 +0.6 1.0 

Table 20c. Grain size parameters for samples of soil/coarse 

colluvium, Coopers Creek Research Area. 

North aspect, nose, shoulder (13.1 - 13.4), 

backslope (14.1 - 14.4) and footslope (15.1 - 15.5). 
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soil Profile 
Graphic Inclusive Inclusive Graphic 

Mean Graphic Graphic Kurtosis 
(Mz) <P Standard Skewness (KG) 

No. Depth (m) 
Deviation (SKI) 

(0
1

) <P 

22.1 0 - 0.1 -0.9 5.3 +0.7 1.1 

22.2 0.1 - 0.2 -0.2 5.3 +0.8 0.8 

22.3 0.2 - 0.4 0 5.7 +0.7 0.8 

22.4 0.4 - 0.6 -1.8 3.6 +0.4 2.5 

22.5 0.6 - 0.8 -0.6 5.3 +0.6 1.3 

22.6 0.8 - 1.0 -1. 3 4.3 +0.6 1.6 

23.1 o - 0.1 -1.2 4.1 +0.8 1.9 

23.2 0.1 - 0.2 -2.5 3.8 +0.7 3.5 

23.3 0.2 - 0.4 -2.9 3.7 +0.7 3.0 

23.4 0.4 - 0.6 -3.4 3.2 +0.4 2.5 

23.5 0.6 - 0.8 -3.0 4.1 +0.4 1.8 

23.6 0.8 - 1.0 -2.6 3.8 +0.6 3.4 

24.1 0 - 0.1 -4.5 2.7 +0.4 2.8 

24.2 0.1 - 0.2 -3.8 2.9 +0.4 3.2 

24.3 0.2 - 0.4 -2.3 4.2 +0.7 2.9 

24.4 0.4 - 0.6 -1.1 5.2 +0.7 1.1 

24.5 0.6 - 0.8 -1.1 4.8 +0.7 1.7 

24.6 0.8 - 1.0 -2.6 3.9 +0.6 3.5 

Table 20d. Grain size parameters for samples of soil/coarse 

colluvium, Coopers Creek Research Area. 

North aspect, hollow, heads lope (22.1 - 22.6), 

backs lope (23.1 - 23.6) and footslope (24.1 - 24.6). 
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The following parameters; 

(a) graphic mean versus inclusive graphic standard deviation, 

(b) graphic mean versus inclusive graphic skewness, and 

121. 

(c) inclusive graphic skewness verses inclusive graphic standard deviation, 

are plotted for the soil/coarse solluvium samples from Coopers Creek 

Research Area (Figures 16a, 17a, 18a) and compared with plots of the 

same parameters for scree samples (pierson, 1982 and unpublished data) 

(Figures 16b, 17b, lBb) and with debris flow deposits (Pierson, 19BOb) 

(Figure 16b). The following parameters; 

(d) graphic mean versus graphic kurtosis, and 

(e) inclusive graphic skewness versus graphic kurtosis, 

are plotted for the soil/coarse colluvial samples (Figures 19, 20). 

with a few exceptions, (such as nose slope samples 7.1 - 7.3, 

sampled adjacent to outcrops of the bedrock regolith) the plots of 

graphic mean and inclusive graphic standard deviation of soil/coarse 

colluvium samples separated into nose and hollow slope subsets. 

The majority of nose slope samples have graphic mean sizes in the 

range of 0 phi to +5.5 phi and are "extremely poorly sorted". By 

comparison the hollow slope samples have graphic mean sizes in the 

range of 0 phi to -4.5 phi and are "very poorly to extremely poorly 

sorted" (Figure 16a). The plots of graphic mean and inclusive graphic 

standard deviation of scree samples (Figure 16b) form an envelope which 

has a similar slope and lies beneath the envelope formed by the 

soil/coarse colluvium plots. This indicates that the scree samples are 

more sorted, but have an almost comparable range in graphic mean size, 

as the soil/coarse colluvium. The plots of debris flow samples 

(Figure 16b) form a distribution envelope, above and overlapping on to 

that of the soil/coarse colluvium samples. These debris flows from 

Mt Thomas have a range in graphic mean size from +1.5 phi to -l.B phi 

and are "extremely poorly sorted". From field observations, cumulative 

grain size frequency plots (pierson, 19BOb) and these plots (Figure 16b) 

it is suggested that some of the soil/coarse colluvium samples on nose 

slopes are indistinguishable from debris flow deposits. 

The plots of graphic mean and inclusive graphic skewness of the 

soil/coarse colluvium samples separate into nose slope and hollow slope 

subsets, with the exceptions previously noted. For the hollow slope 

subset, graphic skewness increases from "fine skewed" to "strongly fine 

skewed" as graphic mean size becomes fine (less negative). For the 
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nose slope subset graphic skewness decreases from "strongly fine skewed" 

to "nearly symmetrical" as graphic mean size becomes finer (more 

positive) (Figure 17a). The plots of graphic mean and inclusive 

skewness of scree samples (Figure 17b) form an envelope below and 

lapping onto the envelope formed by the hollow slope subset of the 

soil/coarse colluvium plots (Figure 17a). 

The plots of inclusive graphic skewness and inclusive graphic 

standard deviation of the soil/coarse colluvium samples can be separated 

into hollow slope and nose slope subsets (Figure 18a). The separation 

of the two subsets is not as clear as in the previous plots. The main 

separation is dependent on the difference in the range of sorting 

between the two subsets. The plots of inclusive graphic skewness and 

inclusive graphic standard deviation (Figure 18b) form an envelope below 

and lapping onto the envelope formed by the hollow slope subset of the 

soil/coarse colluvium plots (Figure 18a). 

The plots of graphic mean and graphic kurtosis of the soil/coarse 

colluvium samples are separated into nose slope and hollow slope subsets 

(Figure 19). The hollow slope subset vary from "platykurtic" to 

extremely "leptokurtic" whereas the nose slope subset vary from 

"platykurtic" to "very leptokurtic". 

The plots of inclusive graphic skewness and graphic kurtosis of 

the soil/coarse collu~ium samples are also separated into nose slope 

and hollow slope subsets (Figure 20). There is an overlap between the 

two subsets with an increase in positive skewness and a decrease in 

kurtosis. 

4.5.4 Quartile-deviation/median-diameter relationships 

Buller and McManus (1972, 1973) and McManus (1979) have used a 

graphic technique to diagnose different sedimentary environments using 

the quartile-deviation (QDa) and median diameter (Md) in millimeters, 

plotted on double-logarithmic graph paper. Plotting QDa versus Md 

values of samples from various non-marine fluviatile, marine, eolian 

and glacial environments gave a suite of distinct plots with distributions 

occupying various positions and describing different gradients according 

to the environments being examined (Buller and McManus, 1973). An 

advantage of QDa versus Md plots, compared with eM diagrams (Passega, 

1964) and plots using skewness and kurtosis (Landim and Frakes, 1968) 

is that the values of QDa and Md are far less affected by sampling bias 

in poorly sorted sediments containing gravel. Pe and Piper (1975) used 
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QDa versus Md plots to distinguish between mudflow and streamflow 

deposits. 

132. 

Plots of QDa and Md values on double logarithmic paper of the 

soil/coarse colluvium samples from the Coopers Creek Research Area, 

and of the scree samples from the Craigieburn Range, (Pierson, 1982 

and unpublished data) are shown in Figure 21. Superimposed on this 

figure are three envelopes of distribution; glacial envelope (a) of 

coarse bimodal tills consisting largely of rock fragments, glacial 

envelope (c) of bimodal tills with a dominant proportion of monomineralic 

grains, and a 'tentative' physically weathered rock debris envelope 

(Buller and McManus, 1973). The latter, while tentatively suggested by 

Buller and McManus, was not established by them, because of a lack of 

data. The boundary lines to this envelope, as shown on Figure 21, are 

plotted at an angle of 45 degrees to the axes. It was stated by Buller 

and McManus ,that, "the QDa/Md grain size analyses of the coarsest grus 

from granites (physically weathered rock) occupy identical QDa/Md 

positions to those of the coarsest tills". This is confirmed by the 

distribution of plots shown in Figure 21. The overlapping distributions 

of soil/coarse colluvium and scree plots are concentrated within the 

cornmon area of the two superimposed envelopes of distribution. By 

analogy with the conclusions of Buller and McManus (1973), it is 

suggested that the initial grain size distribution is controlled mainly 

by bedrock disintegration, as represented by the plots of the majority 

of the scree samples and the hollow slope subset of the soil/coarse 

colluvium samples. These populations follow Rosin'S Law distributions 

and would have QDa/MG plots within the 45 degree 'physically weathered 

rock debris' envelope of distribution (Figure 21). The grain size 

distribution of this initial deposit can be modified by the continual 

addition of weathered materials, described as population addition. The 

resulting textures and QDa/Md statistics are controlled by the cumulative 

effect of the added grain populations of various size ranges, and the 

envelope of distribution is comparable with the 'glacial envelope (a)' 

shown in Figure 21. The plots within and to the left of glacial 

envelope (c), are of surface (0 - 20 cm) samples of soil/coarse colluvium 

samples from nose slopes and an erosion pavement scree sample. These 

are all sites where either eolian addition or fluvial addition by 

overland flow of fines is considered to have modified the texture. 
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4.5.5 Textural classification 

Folk et al. (1970) have recommended that the textural c1assifica---
tion of detrital sediments, based on Folk (1968), be adopted for use in 

New Zealand. In view of the objectives of this study, it is also 

relevant to consider the textural classifcation presently in use by 

New Zealand Soil Scientists (Taylor and Poh1en, 1962). In contrast to 

geologists, who have made the attempt to standardise detrital, textural 

classifications, soil science still uses nationally based classifications. 

These are commonly dual systems based on tactile field assessments of 

texture and classifications based on laboratory determination of grain 

size distributions. Factors such as the incorporation of soil organic 

matter and the formation of stable soil microaggregates ensure that 

'field texture' and 'grain size distributions' of the same soil sample 

are not always in agreement. In addition, the terminology and size 

classes for the > 2mm diameter fraction is not standardised in soil 

science. The volume and size classes of rock fragments, that has been 

proposed for use in New Zealand, is set out in Table 17. A further 

point to note is the different size class limits for sand, silt, clay 

and mud (silt plus clay) in the geological and soil textural 

classifications. 

The percentage of gravel (> 2mm diameter), sand (2 - 0.063mm) 

and mud « 0.063cm) and the textural classification for gravel bearing 

sediments (Folk, 1968; Folk et al., 1970) are shown for the following: 

(a) soil/coarse colluvium, Coopers Creek Research Area (Table 21, 

Figure 22a). 
/ 

(b) soil/coarse colluvium, Mt Pleasant, Hun-.la (Table 22, Figure 22b). 

(c) Scree, Craigieburn Range (Pierson, 1982) (Figure 22c). 



soil Profile 
Percent by weight 

Gravel Sand Mud 

No. Depth (m) >2mm 2-0.063mm <0.063mm 

4.1 0 - 0.1 88 4 8 

4.2 0.1 - 0.2 81 5 14 

4.3 0.2 - 0.4 81 5 14 

4.4 0.4 - 0.6 81 6 13 

4.5 0.6 - 0.8 77 7 16 

4.6 0.8 - 1.0 77 7 16 

5.1 0 - 0.1 81 5 14 

5.2 0.1 - 0.2 80 5 15 

5.3 0.2 - 0.4 75 6 19 

5.4 0.4 - 0.6 77 7 16 

5.5 0.6 - 0.8 81 6 13 

5.6 0.8 - 1.0 80 7 13 

6.1 0 - 0.1 76 9 15 

6.2 0.1 - 0.2 87 6 7 

6.3 0.2 - 0.4 79 12 9 

6.4 0.4 - 0.6 54 24 22 

6.5 0.6 - 0.8 48 25 27 

6.6 0.8 - 1.0 42 29 29 

Table 21a. Percent by weight of gravel, sand and mud for samples 

of soil/coarse colluvium, Coopers Creek Research Area. 

South aspect, hollow, headslope (4.1 - 4.6), 

backslope (5.1 - 5.6), footslope (6.1 - 6.6). 
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Soil Profile 
Percentage by weight 

Gravel Sand Mud 
No. Depth (m) 

>2rnrn 2-0.063rnrn <0.063rnrn 

7.1 o - 0.1 59 14 27 

7.2 0.1 - 0.2 84 9 7 

7.3 0.2 - 0.3 89 7 4 

8.1 o - 0.1 56 12 32 

8.2 0.1 - 0.2 66 13 21 

8.3 0.2 - 0.4 59 14 27 

8.4 0.4 - 0.6 54 17 29 

8.5 0.6 - 0.75 77 10 13 

8.6 0.75 - 0.9 58 23 19 

9.1 0 - 0.1 27 18 55 

9.2 0.1 - 0.2 20 25 55 

9.3 0.2 - 0.4 34 25 42 

9.4 0.4 - 0.6 39 22 39 

9.5 0.6 - 0.7 36 33 31 

9.6 0.7 - 0.9 45 36 19 

Table 2lb. Percent by weight of gravel, sand and mud for samples 

of soil/coarse colluvium, Coopers Creek Research Area. 

South aspect, nose, shoulder (7.1 - 7.3), 

backslope (8.1 - 8.6), footslope (9.1 ~ 9.6). 
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Soil Profile 
Percentage by weight 

Gravel Sand Mud 
No. Depth (m) 

>2mm 2-0.063mm <0.063mm 

13.1 0 - 0.1 56 12 32 

13.2 0.1 - 0.2 66 11 23 

13.3 0.2 - 0.4 53 15 32 

13.4 0.4 - 0.6 65 12 23 

14.1 0 - 0.1 38 17 45 

14.2 0.1 - 0.2 48 16 36 

14.3 0.2 - 0.3 63 13 24 

14.4 0.3 - 0.5 61 12 27 

15.1 0 - 0.1 42 13 45 

15.2 0.1 - 0.2 41 16 43 

15.3 0.2 - 0.3 58 10 32 

15.4 0.3 - 0.5 53 16 31 

15.5 0.5 - 0.7 46 25 29 

Table 21c. Percent by weight of gravel, sand and mud for samples 

of soil/coarse colluvium, Coopers Creek Research Area. 

North aspect, nose, shoulder (13.1 - 13.4), 

backs lope (14.1 - 14.4), footslope (15.1 - 15.5). 
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Soil Profile Percentage by weight 

Gravel Sand Mud 

No. Depth (m) >2mm 2-0.063mm <0.063mm 

22.1 0 - 0.1 71 9 20 

22.2 0.1 - 0.2 63 11 26 

22.3 0.2 - 0.4 58 13 29 

22.4 0.4 - 0.6 79 10 13 

22.5 0.6 - 0.8 67 13 20 -, 

22.6 0.8 - 1.0 69 16 15 

23.1 o - 0.1 74 10 16 

23.2 0.1 - 0.2 82 6 12 

23.3 0.2 - 0.4 83 5 12 

23.4 0.4 - 0.6 84 7 9 

23.5 0.6 - 0.8 80 8 12 

23.6 0.8 - 1.0 86 5 9 

24.1 0 - 0.1 90 3 7 

24.2 0.1 - 0.2 86 4 10 

24.3 0.2 - 0.4 81 6 13 

24.4 0.4 - 0.6 72 10 18 

24.5 0.6 - 0.8 75 8 17 

24.6 0.8 - 1.0 83 5 12 

Table 21d. Percent by weight of gravel, sand and mud for samples 

of soil/coarse colluvium, Coopers Creek Research Area. 

North aspect, hollow, headslope (22.1 - 22.6), 

backslope (23.1 - 23.6), footslope (24.1 - 24.6). 



Soil Profile 
Percentage by weight 

Gravel Sand Mud 

No. Depth (m) >2mm 2-0.063mm <0.063mm 

25.1 0 - 0.1 43 22 35 

25.2 0.1 ~ 0.2 52 18 30 

25.,3 0.,2 - 0.,3 52 20 28 

26.1 0 - 0,1 34 36 30 

26.,2 0.,1 - 0.2 19 46 35 

27.1 0 - 0.,1 6 43 51 

27.2 0.,1 "'", 0.,2 2 42 56 

27.3 0.2 - 0.3 7 39 54 

Table 22a., Percent by weight of grcwel, sa,nd and nJud for samples 

of soil/coarse coJ,l\Jyium, ,Mt Pleasant, Hunua., 

South a,spe,ct, nose, shoulder (25. 1 -, 25.3 L 

backslope (26.1 .,.. 26.2), footslope (27.1 - 27.3). 
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Soil Profile 
percentage by weight 

Gravel Sand Mud 

No. Depth (m) >2mm 2-0.063mm <0.063mm 

28.1 0 - 0.1 29 27 44 

28.2 0.1 - 0.2 21 30 49 

28.3 0.2 - 0.3 50 19 31 

28.4 0.3 - 0.5 38 25 37 

29.1 0 - 0.1 54 18 28 

29.2 0.1 - 0.2 70 11 19 

29.3 0.2 - 0.4 59 18 23 

29.4 0.4 - 0.6 53 24 23 

29.5 0.6 - 0.8 64 19 17 

29.6 0.8 - 1.0 61 20 19 

30.1 0 - 0.1 77 nd nd 

30.2 0.1 - 0.2 74 nd nd 

30.3 0.2 - 0.4 77 11 12 

30.4 0.4 - 0.6 63 18 19 

30.5 0.6 - 0.8 58 21 21 

30.6 0.8 - 1.0 91 nd nd 

Table 22b. Percent by weight of gravel, sand and mud for samples of 

soil/coarse colluvium, Mt Pleasant, Hunua. 

South aspect, hollow, headslope (28.1 - 28.4), 

backslope (29.1 - 29.6), footslope (30.1 - 30.6). 

nd - not determined. 



Soil Profile 
Percentage by weight 

Gravel Sand Mud 

No. Depth em) >2mm 2-0.063mm <0.063mm 

31.1 0 - 0.1 42 35 23 

31.2 0.1 - 0.3 55 27 18 

:31.3 0 •. 3 ..,. 0 .. 5 70 17 13 

32 .. 1 0 - 0 .. 1 44 32 24 

32 .. 2 0 .. 1 ..,. Q.2 28 31 41 

33 .. 1 0 - 0 .. 1 34 28 38 

33.2 0.1 - 0.2 55 17 28 

Table 22c. Percent by weight of gravel, sand auo muo for samples 

of soil/coarse colluviUII), Mt Plea~ant, Hunua. 

North aspect, nose, shoulder (31..1 - 31.31, 

backslope (32.1 - 32.3), footslope ()3.1 - 33.2). 
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Soil Profile 
Percentage by weight 

I 

Gravel Sand Mud 

No. Depth (m) > 2 rom 2-0.063rom <0.063rom 

34.1 0 - 0.1 38 28 34 

34.2 0.1 - 0.2 59 19 22 

34.3 0.2 - 0.4 49 24 27 

34.4 0.4 - 0.6 44 25 31 

34.5 0.6 - 0.8 61 19 20 

34.6 0.8 - 1.0 61 20 19 

35.1 o - 0.1 62 15 23 

35.2 0.1 - 0.2 42 25 33 

35.3 0.2 - 0.4 43 24 33 

35.4 0.4 - 0.6 57 19 23 . 
35.5 0.6 - 0.8 63 17 20 

35.6 0.8 - 1.0 52 21 27 

36.1 o - 0.1 43 25 32 

36.2 0.1 - 0.2 43 24 33 

36.3 0.2 - 0.4 39 28 33 

36.4 0.4 - 0.6 36 31 33 

36.5 0.6 - 0.8 37 30 33 

36.6 0.8 - 1.0 30 33 37 

Table 22d. Percent by weight of gravel, sand and mud for samples of 

soil/coarse colluvium, Mt Pleasant, Hunua. 

North aspect, hollow, headslope (34.1 - 34.6), 

backslope (35.1 - 35.6), footslope (36.1 - 36.6). 
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Plots of gravel, sand and mud are shown on .triangular diagrams 

for samples from Coopers Creek (Figure 22a), and Mt Pleasant 

(Figure 22b) study areas, and from the Craigieburn Range (Figure 22c). 

In Figure 22a most plots are within gravel or muddy gravel classes 

and are alined about a mud:sand ratio of 7:3. The hollow slope 

subset plot in the upper half of the triangle and with a few exceptions 

are separated from the nose slope subset. The two nose slope samples 

(7.2 and 7.3) that plot in the gravel texture class were sampled 

adjacent to a bedrock outcrop. The samples from Mt Pleasant 

(Figure 22b) plot within the muddy gravel and muddy sandy gravel 

textural classes. The scree samples (Pierson, 1982) shown in 

Figure 22c plot within the gravel, muddy sandy gravel and sandy 

gravel textural classes. These plots, with three exceptions, lie 

to the right of the mud:sand ratio 2:3 and are therefore easily 

distinguishable from the plots of the soil/coarse colluvium samples 

(Figures 22a and 22b) . 

The relative increase in the mud:sand ratio when comparing 

Figures 22c, 22b and 22a is consistent with increased weathering· as 

a result of both greater age and stability of the soil/coarse colluvium 

debris mantle regoliths, compared with the screes. The majority of 

the samples of scree were sampled from a depth interval of 5-15cm 

which in many cases includes a surface mobile layer (Pierson, 1982). 

Pierson noted that immediately beneath the surface gravel layer there 

was a zone of wind accreted fines, washed into the open work gravels 

by rain. The three plots to the left of the mud:sand ratio 1:1, are 

all samples from below the 5-15cm depth increment and are predominantly 

wind accreted silts, that formed a distinct layer beneath surface 

gravels. Apart from the exceptions noted, the highest mud:sand ratios 

occur in the samples from Coopers Creek Research Area. This is an 

environment with a 1400mm average annual rainfall compared with an 

average of 690mm for Mt Pleasant study area. In both of these areas 

the soil/coarse colluvium debris mantle is of comparable age and 

stability. Assuming that the original texture of the debris mantle 

regolith on the eastern hill country, as typified by these two study 

areas, was comparable with the texture of screes on the Craigieburn 

Range, then it may be concluded that over time there has been an 

increase in the mud:sand ratio. This change in texture could have 

resulted from fine grain size population additions, by the accretion 

and incorporation of eolian sediments occurring concurrently with the 
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decomposition of sand and silt sized rock particles and mineral grains. 

Because of their lower strength and tendency to crumble, siltstone 

rock fragments are capable of yielding fine sand and silt grain 

sizes by processes of physical disintegration. The dominant mineral 

components in the siltstones are quartz, feldspars and phyllosilicate 

clay minerals (Folk et al., 1970). These mineral components together 

with clays resulting from pedogenic weathering make up the clay 

fraction of the soil/coarse colluvium. Because the disintegrated and 

decomposed siltstone is the likely initial source of much of the silt 

and clay grain size population it is impossible to distinguish (with 

the methods used in this study) between the two hypotheses of insitu 

development or eolian population addition of the mud grain sizes. 

Changes in texture class resulting from a relative increase in 

the mud grain size population are reversible if this population is 

subsequently removed. Comparison between the hollow slope subset of 

soil/coarse colluvium samples from the Mt Pleasant (Figure 22b) and 

Coopers Creek Research Areas (Figure 22a) indicates a shift toward 

the gravel apex of the triangular diagram. This is interpreted as 

a removal of fine grain sizes by return flow and overland flow either 

from the interstices of colluvium within hollows or as colluvium is 

transported and accumulates within hollows. This process is more 

evident in the higher rainfall environment of Coopers Creek. A 

similar explanation was put forward by Hack and Goodlett (1960) to 

explain the contrast in texture between 'fine grained noses' and 

'bouldery hollows' in their study of the Central Appalachian mountains, 

United States of America. 

The textural classification of the <2mm diameter fraction of the 

soil/coarse colluvium samples from Coopers Creek Research Area are 

presented using the classification of gravel free sediments (Folk, 1968; 

Folk et al., 1970) (Table 23, Figure 23) and for a soil (fine earth, 

<2mm fraction) texture classification (Taylor and pohlen, 1962) 

(Table 24, Figure 24). It is important to note that the grain size 

limits are sand (2.0 - 0.063mm), silt (0.063 - 0.0039mm) and clay 

« 0.0039mm) for the gravel free sediment textures (Folk, 1968) and 

sand (2.0 - 0.02mm), silt (0.02 - 0.002rnm) and clay « 0.002rnm) for 

the soil textures (Taylor and Pohlen, 1962). For the purpose of visual 

comparison the soil texture triangle (Figure 24) is drawn with the sand 

apex uppermost, and the silt and clay apexes on the lower right and 

left side respectively. 
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Soil Profile 
Percentage by weight 

Sand silt Clay 

No. Depth (m) 2.0-0.063 0.063-0.0039 <0.0039 
mm mm mm 

4.1 o - 0.1 30 36 34 

4.2 0.1 - 0.2 26 35 39 

4.3 0.2 - 0.4 26 35 39 

4.4 0.4 - 0.6 27 30 43 

4.5 0.6 - 0.8 29 30 41 

4.6 0.8 - 1.0 33 30 37 

5.1 o - 0.1 26 33 41 

5.2 0.1 - 0.2 28 32 40 

5.3 0.2 - 0.4 27 33 40 

5.4 0.4 - 0.6 29 28 43 

5.5 0.6 - 0.8 31 28 41 

5.6 0.8 - 1.0 33 28 39 

6.1 o - 0.1 38 23 39 

6.2 0.1 - 0.2 49 19 . 32 

6.3 0.2 - 0.4 56 20 24 

6.4 0.4 - 0.6 52 25 23 

6.5 0.6 - 0.8 48 28 24 

6.6 0.8 - 1.0 50 26 24 

Table 23a. Percent by weight of sand, silt and clay (gravel free 

fraction) for samples of soil/coarse colluvium, 

Coopers Creek Research Area. 

South aspect, hollow, heads lope (4.1 - 4.6), 

backs lope (5.1 - 5.6), footslope (6.1 - 6.6). 
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Soil Profile 
Percentage by weight 

Sand Silt Clay 

No. Depth (m) 2.0-0.063 0.063-0.0039 <0.0039 
rom rom rom 

7.1 0 - 0.1 34 27 39 

7.2 0.1 - 0.2 49 19 32 

7.3 0.2 - 0.3 59 12 29 

8.1 o - 0.1 28 30 42 

8.2 0.1 - 0.2 37 24 39 

8.3 0.2 - 0.4 35 22 43 

8.4 0.4 - 0.6 36 20 44 

8.5 0.6 - 0.8 46 16 38 

8.6 0.8 - 1.0 53 16 31 

9.1 o - 0.1 24 28 48 

9.2 0.1 - 0.2 31 23 46 

9.3 0.2 - 0.4 36 22 42 

9.4 0.4 - 0.6 35 22 43 

9.5 0.6 - 0.8 52 23 25 

9.6 0.8 - 1.0 66 19 15 
~ 

Table 23b. Percent by weight of sand, silt and clay (gravel free 

fraction) for samples of soil/coarse colluvium, 

Coopers Creek Research Area. 

South aspect, nose, shoulder (7.1 - 7.3), 

backs lope (8.1 - 8.6), footslope (9.1 - 9.6). 
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Soil Profile 
Percentage by weight 

Sand Silt Clay 

No. Depth (m) 2.0-0.063 0.063-0.0039 <0.0039 
rom rom rom 

13.1 o - 0.1 30 35 35 

13.2 0.1 - 0.2 33 33 34 

13.3 0.2 - 0.4 33 29 38 

13.4 0.4 - 0.6 34 23 43 

14.1 o - 0.1 27 34 39 

14.2 0.1 - 0.2 30 30 40 

14.3 0.2 - 0.3 35 26 39 

14.4 0.3 - 0.5 30 17 53 

15.1 o - 0.1 22 30 48 

15.2 0.1 - 0.2 27 25 48 

15.3 0.2 - 0.3 30 24 46 

15.4 0.3 - 0.4 31 21 48 

15.5 0.4 - 0.5 46 18 36 

Table 23c. Percent by weight of sand, silt and clay (gravel free 

fraction) for samples of soil/coarse colluvium, 

Coopers Creek Research Area. 

North aspect, nose, shoulder (13.1 - 13.4), 

backs lope (14.1 - 14.4), footslope (15.1 - 15.5). 
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Soil Profile 
Percentage by weight 

Sand Silt Clay 

No. Depth (m) 2.0-0.063 0.063-0.0039 <0.0039 
rom rom rom 

22.1 0 - 0.1 31 35 34 

22.2 0.1 - 0.2 31 35 34 

22.3 0.2 - 0.4 32 31 37 

22.4 0.4 - 0.6 38 28 34 

22.5 0.6 - 0.8 39 27 34 

22.6 0.8 - 1.0 51 21 28 

23.1 0 - 0.1 38 33 29 

23.2 0.1 - 0.2 34 36 30 

23.3 0.2 - 0.4 33 36 31 

23.4 0.4 - 0.6 39 34 27 

23.5 0.6 - 0.8 42 30 28 

23.6 0.8 - 1.0 37 29 34 

24.1 0 - 0.1 30 34 36 

24.2 0.1 - 0.2 31 34 35 

24.3 0.2 - 0.4 32 37 31 

24.4 0.4 - 0.6 33 36 31 

24.5 0.6 - 0.8 33 34 33 

24.6 0.8 - 1.0 32 30 38 

Table 23d. Percent by weight of sand, silt and clay (gravel free 

fraction) for samples of soil/coarse colluvium, 

Coopers Creek Research Area. 

North aspect, hollow, hea9s1ope (22.1 - 22.6), 

backs lope (23.1 - 23.6), footslope (24.1 - 24.6). 
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Soil Profile 
Percentage by weight 

Sand silt Clay 

No. Depth (m) 2-0.02mm 0.02-0.002mm <0.002mm 

4.1 0 - 0.1 42 31 27 

4.2 0.1 - 0.2 39 30 31 

4.3 0.2 - 0.4 37 31 32 

4.4 0.4 - 0.6 37 26 37 

4.5 0.6 - 0.8 40 26 34 

4.6 0.8 - 1.0 42 27 31 

5.1 0 - 0.1 37 30 33 

5.2 0.1 - 0.2 38 30 32 

5.3 0.2 - 0.4 37 30 33 

5.4 0.4 - 0.6 37 28 35 

5.5 0.6 - 0.8 41 25 34 

5.6 0.8 - 1.0 39 28 33 

6.1 0 - 0.1 46 20 34 

6.2 0.1 - 0.2 54 18 28 

6.3 0.2 - 0.4 63 16 21 

6.4 0.4 - 0.6 61 18 21 

6.5 0.6 - 0.8 55 27 18 

6.6 0.8 - 1.0 57 25 18 

Table 24a. Percent by weight of sand, silt and clay (soil fine 

earth fraction) for samples of soil/coarse colluvium, 

Coopers Creek Research Area. 

South aspect, hollow, headslope (4.1 - 4.6), 

backslope (5.1 - 5.6), footslope (6.1 - 6.6). 



152. 

Soil Profile 
Percentage by weight 

Sand Silt Clay 

No. Depth (m) 2-0.02mm 0.02-0.002mm <0.002mm 

7.1 o - 0.1 41 26 33 

7.2 0.1 - 0.2 54 17 29 

7.3 0.2 - 0.3 62 12 26 

8.1 0 - 0.1 36 30 34 

8.2 0.1 - 0.2 43 25 32 

8.3 0.2 - 0.4 40 23 37 

8.4 0.4 - 0.6 39 23 38 

8.5 0.6 - 0.75 50 17 33 

8.6 0.75 - 0.9 56 17 27 

9.1 0 - 0.1 32 27 41 

9.2 0.1 - 0.2 36 25 39 

9.3 0.2 - 0.4 42 21 37 

9.4 0.4 - 0.6 43 20 37 

9.5 0.6 - 0.7 62 17 21 

9.6 0.7 - 0.9 75 13 12 

Table 24b. Percent by weight of sand, silt and clay (soil fine 

earth fraction) for samples of soil/coarse colluvium, 

Coopers Creek Research Area. 

South aspect, nose, shoulder (7.1 - 7.3), 

backslope (8.1 - 8.6), footslope (9.1 -9.6). 
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soil Profile 
Percentage by weight 

Sand Silt Clay 

No. Depth (m) 2-0.02mm O.02-0.002mm <0.002mm 

13.1 o - 0.1 41 31 28 

13.2 0.1 - 0.2 45 29 26 

13.3 0.2 - 0.4 44 24 32 

13.4 0.4 - 0.6 43 19 38 

14.1 o - 0.1 38 30 32 

14.2 0.1 - 0.2 40 28 32 

14.3 0.2 - 0.3 43 25 32 

14.4 0.3 - 0.5 35 17 48 

15.1 0 - 0.1 31 28 41 

15.2 0.1 - 0.2 34 25 41 

15.3 0.2 - 0.3 37 23 40 

15.4 0.3 - 0.5 38 19 43 

15.5 0.5 - 0.7 52 16 32 

Table 24c. Percent by weight of sand, silt and clay (soil fine 

earth fraction) for samples of soil/coarse colluvium, 

Coopers Creek Research Area. 

North aspect, nose, shoulder (13.1 - 13.4), 

backslope (14.1 - 14.4), footslope (15.1 - 15.5). 
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Soil Profile 
Percentage by weight 

Sand Silt Clay 

No. Depth (m) 2-0.02mm 0.02-0.002mm <0.002mm 

22.1 0 - 0.1 41 33 26 

22.2 0.1 - 0.2 41 33 26 

22.3 0.2 - 0.4 42 31 27 

22.4 0.4 - 0.6 47 26 27 

22.5 0.6 - 0.8 48 25 27 

22.6 0.8 - 1.0 58 20 22 

23.1 0 - 0.1 49 30 31 

23.2 0.1 - 0.2 45 30 25 

23.3 0.2 - 0.4 45 31 24 

23.4 0.4 - 0.6 51 28 21 

23.5 0.6 - 0.8 52 26 22 

23.6 0.8 - 1.0 48 24 28 

24.1 0 - 0.1 41 31 28 

24.2 0.1 - 0.2 43 28 29 

24.3 0.2 - 0.4 47 28 25 

24.4 0.4 - 0.6 46 29 25 

24.5 0.6 - 0.8 46 27 27 

24.6 0.8 - 1.0 44 25 31 

Table 24d. Percent by weight of sand, silt and clay (soil fine 

earth fraction) for samples of soil/coarse colluvium, 

Coopers Creek Research Area. 

North aspect, hollow, heads lope (22.1 - 22.6), 

backs lope (23.1 - 23.6), footslope (24.1 - 24.6). 
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samples of soil/coarse colluvium, Coopers Creek 

Research Area. 
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The majority of the plots in Figure 23 fall within the sandy mud 

and muddy sand texture classes. The hollow slope 'subset plots between 

the clay:silt ratios of 6:4 and 4:6, whereas the nose slope subset 

plots between ratios 6:1 and 1:1. The significance of this apparent 

trend in sand:silt ratios cannot be tested for the following reasons: 

(1) The overlap in the range of percent clay between subsets. 

(2) The method of sampling adopted. 

(3) The lack of sample replication for each sample site (i.e. 

only one sample for each sampled horizon) . 

In the soil texture triangle (Figure 24) a majority of the plots 

fall within the clay loam and silt loam classes. The hollow slope 

subset plots are clustered about the clay loam, silt loam boundary. 

The nose slope subset plots are more widely spread from sandy loam to 

clay. By combining all the data on percent by weight of stones, gravel 

and the fine eqrth fractions (Appendix 4.7.0; Table 17) it can be stated 

that the dominant soil textures as determined by laboratory methods are 

as follows: 

(a) Nose slopes; moderately gravelly and stony clay loams. 

(b) Hollow slopes; very stony and gravelly silt loams and 

clay loams. 

4.6 CONCLUSIONS 

In this study the physical properties of the debris mantle 

regolith have been described in some detail for the Hurunui steepland 

soils as represented by the Coopers Creek Research Area and in less 

detail for the Haldon steepland soils, as represented by the Mt Pleasant 

Hunua study area. In both situations the landforms are the result of 

fluvial processes with the slopes evolving under the influence of mass 

failure. The bed rock shows lithological features comparable with the 

thick bedded sandstone and thin bedded siltstone lithotypes of the 

Canterbury Suite. Outcrops of unweathered bedrock are rare, and the 

bedrock regolith varies from slightly to moderately weathered. The 

grade of weathering increases and the spacing of fractures decreases 

as the sedimentary texture beoomes finer. Consequently, 

gravels (>2rnrn diameter) in the coarse colluvial debris mantle regolith 

are either medium or coarse sandstone with the finer lithologies having 

been reduced in size to form the interstitial matrix. The thickness of 

the debris mantle regolith varies with slope position and is thinnest 
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on nose slopes and thickest in hollows. Stratification is most obvious 

in hollows with up to three layers recognised. Buried soils are rare 

and the inference from one radiocarbon date is that the debris mantle 

regolith is of Holocene age. 

Rectilinear slope segments had slope angles up to the threshold 
o 0 

slope angle (about 25 -27 ) suggested for thin coarse colluvial debris 

mantle regoliths (Carson, 1969; Carson and Kirkby, 1972). 

Cumulative grain size frequency distributions, plotted on phi 

scale-probability paper and log scale-Rosin's Law probability paper, of 

samples of soil/coarse colluvium from the Coopers Creek are compared 

with Rosin's Law distributions of scree samples from the Craigieburn 

Range (Pierson, 1982 and unpublished data). Grain size parameters of 

graphic mean, inclusive graphic standard deviation and inclusive graphic 

skewness were compared on scatter plots for the soil/coarse colluvium 

and scree samples. 

Soil/coarse colluvium samples showed a wide range of grain size 

frequency distribution. Graphic mean size varied from -4.5 phi to 

+5 phi, inclusive graphic standard deviation from "poorly sorted" to 

"extremely poorly sorted", inclusive graphic skewness from "nearly 

symmetrical" to "strongly fine skewed" and graphic kurtosis from 

"platykurtic" to "extremely leptokurtic". Grain size frequency 

distribution curves have an inflection point between gravel and sand 

grain size subpopulations. These subpopulations have a Rosin' s La'~" 

distribution, whereas the silt-clay grain sizes tend toward a log 

normal distribution. The change in slope of straight line segments 

of Rosin's Law distribution curves are interpreted as subpopulations 

derived from lithologies of contrasting texture and strength; such as 

sandstones, siltstones and mudstones. Plots of graphic mean, inclusive 

graphic skewness and graphic kurtosis (each plotted in pairs) show 

different envelopes of distribution for nose slope and hollow slope 

subsets of the soil/coarse colluvium samples. 

Comparison of log scale-Rosin's Law probability scale grain 

size frequency distributions and grain size parameters of soil/coarse 

colluvium and scree samples show different envelopes of distribution. 

The hollow slope subset of soil/coarse colluvium samples shows a closer 
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relationship to the grain size properties of the scree samples, with 

some overlap of the envelopes of distribution. In general, scree 

samples have the same range of graphic mean size, are more sorted and 

show a wider variation in skewness than do the soil/coarse colluvial 

samples. 

Quartile deviation (QDa) and median diameter (Md) values, 

calculated from grain size frequency distributions of soil/coarse 

colluvium and scree samples, were plotted in pairs on double logarithmic 

paper. The plots lay within distribution envelopes of coarse bimodal 

tills, and a 'tentative' physically weathered rock debris envelope, 

with most plots falling within the area common to both envelopes. 

An analogy can be drawn with the study of the QDa/Md values of glacial 

deposits and the explanation given for their genesis (Buller and 

McManus, 1973) using physically weathered rock debris as a starting 

point. 

Physical comminution of rock produces linear Rosin's Law 

distributions. Buller and McManus have shown for one rock type, that 

QDa/Md plots of both physically weathered and industrially comminuted 

materials follow a similar graphic distribution trend with an 

approximately 45 degree gradient. Buller and McManus concluded that 

a dominant process of continual grain size population addition to an 

existing grain size population changes the distribution of the QDa/Md 

envelope from that characteristic of the physically weathered rock 

debris to that characteristic of coarse bimodal tills. It is assumed, 

in the mass failure slope systems under consideration, that the initial 

debris mantle is most closely approximated by the grain size 

distributions and QDa/Md plots of the scree samples from the Craigieburn 

Range. The QDa/Md plots of these scree samples lie within the physically 

weathered rock debris envelope and have Rosin's Law distributions. 

In contrast, the QDa/Md plots of the soil/coarse colluvium samples from 

Coopers Creek lie within the "coarse bimodal till envelope". It appears 

that the sedimentological properties of the soil/coarse colluvium 

debris mantle regolith has developed from an initial scree by processes 

of comminution, population addition and insitu weathering. Population 

addition in hollows is of coarser size grades. On nose slopes with 

few rock outcrops, the sedimentary characteristics show the additional 

effect of weathering and probable eolian addition, modifying the silt 
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and clay grain size distributions. Eolian additions are speculative 

but highly probable as loess transport and deposition is a measurable 

phenomena in the eastern South Island (Ives, 1973). 

The textural classification of the soil/coarse colluvium samples 

from the Coopers Creek and Mt Pleasant study areas are compared with 

those of scree samples from the Craigieburn Range. Both sets of 

samples have the same variation in percent by weight of gravels 

(>2rnrn diameter) but are distinguished by their mud sand ratios. These 

are in the range of 3:2 to 2:3 for soil/coarse colluvium and less than 

2:3 for scree. Whereas the soil/coarse colluvium samples plot within 

the gravel, muddy gravel and gravelly mud textural classes (Folk et al., 

1970), scree samples occur in the gravel, sandy gravel and muddy sandy 

gravel classes. 

4.7 APPENDIX 1 

Cumulative grain size frequency distribution curves of soil/coarse 

colluvium samples, Coopers Creek Research Area. Plotted on phi scale

probability paper. Note. Site and soil profrle descriptions for 

each of the sequence of soil/coarse colluvial samples is given in 

Appendix 2. 
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CHAPTER 5 

A STUDY OF SOIL DEVELOPMENT AND DISTRIBUTION WITHIN THE HURUNUI 

AND HALDON STEEPLAND SOILS, CANTERBURY, NEW ZEALAND. 

PART THREE: SOIL PROFILE CLASSES AND THEIR DISTRIBUTION 

5.1 SUMMARY 

In this study emphasis was placed on the identification of 

soil profile classes and their distribution within first order 

173. 

valley basins. These classes were defined by traditional methods, 

depending on genetic models,' observer judgement and a biased selection 

of key morphological criteria. A further criterion was, that the 

distribution of these soil profile classes should, where possible, 

be predictable from their relationship to land surface features. 

The key criteria chosen were; soil horizon sequence, redox profile 

form, solum depth, skeletal texture profile, and fine earth texture 

profile. Five soil profile forms were defined by combining soil 

horizon sequence and solum depth class criteria. These profile 

forms were subdivided into classes by the addition of skeletal and 

fine earth texture profile criteria. A total of 35 soil profile 

classes are described and 27 of these occurred in the two detailed 

study areas of Coopers Creek Research Area and Mt Pleasant, Hunua. 

Each soil profile class is identified by a numerical code, from 

which key morphological criteria may be intepreted. 

Soil distribution was determined by stratifying observation 

sites in relation to predetermined slope contour and slope profile strata. 

The contour strata (interfluve, nose and hollow) were used to define 

delineated landscape bodies. Like delineations were grouped to form 

compound soil mapping units, and these were defined by their content of; soil 
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profile classes, included miscellaneous areas, landscape body, slope 

form and boundary conditions, microtopography and related features. 

The soil pattern of the Coopers Creek Research Area was 

delineated into 7 compound soil mapping units which included 4 catenas 

and 3 complexes. The dominant soil profile classes had either Ah.Bw.R 

or Ah.Bw.Cu soil horizon sequences and varied from 30 cm to > 100 cm 

in solum depth. The soil profile classes within hollow delineations 

were > 50 cm in depth and had coarser skeletal texture profiles than 

those within nose delineations. The shallower soil profile classes 

occurred, within interfluve and nose delineations. Soil profile classes 

with gley features were a subdominant component, principally within 

hollow delineations. The dominant fine earth texture profile was silt 

loam on clay loam. 

The soil pattern of the Mt Pleasant, Hunua study area was examined 

in less detail. Two sample first order valley basins were delineated 

into 3 compound soil mapping units which included 1 catena and 

2 complexes. The dominant soil profile classes within interfluve and 

nose delineations are either Ah.R or Ah.Bw.R soil horizon sequences and 

varied from 5 cm to 50 cm in depth. In contrast the soil profile 

classes within hollow delineations had Ah.Bw.Cu soil horizon sequences 

and varied from 30 cm to > 100 cm in depth with a predominance of the 

deeper profiles. Skeletal and fine earth texture profiles were more 

varied and less predictable within delineations than was observed at 

Coopers Creek. 

The soil landscape relationships established for the two 

detailed study areas provides the basis for redefining the Hurunui 

and Haldon steepland soils as associations. In both associations 

the distribution of dominant soil profile forms can be predicted in 

relation to defined landscape bodies. The Hurunui and Haldon 

associations can be separated by their contrasts in slope form, 

dominant soil profile forms and proportionate area of bedrock outcrops 

occurring on interfluves and noses. See})age areas with gley soils 

form a minor component of the Hurunui association and are rare in the 

Haldon association. The dominant soil profile forms in hollows are 

the same for both associations. 
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5.2 INTRODUCTION 

Recognition of soil profile classes (refer to section 2.3.2), 

defined by key soil morphological criteria, is a fundamental part of 

soil survey and mapping. Established methods of soil morphological 

description (Soil Survey Staff, 1951; Taylor and Pohlen, 1962; 

Hodgson, 1976; Cutler, 1977) are used to recognise, distinguish and 

group soil profiles into classes. Northcote (1971) and MacVicar et al. 

(1977) provide two contrasting examples of soil profile classes 

recognised by key morphological criteria. Both Northcote and MacVicar 

and co-authors place emphasis on the whole soil (solum) profile. They 

express this emphasis in the concept of the soil profile form which 

Northcote states is, 

"the term used to express the overall visual impact of the 

physical soil properties in their intimate association one 

wi th another, and wi thin the framework of the solum". 

Cutler (1981, 1983) proposes the use of the soil profile form to 

identify and describe profile trends in texture, structure and colour. 

Colour patterns, particularly those of the B horizon, are interpreted 

as indicators of the relative intensity and duration of hydromorphic 

conditions. 

The selection of key soil morphological criteria is guided by 

assumed genetic significance, inferred influence on plant growth and 

their known or assumed relationship to soil physical properties. Any 

bias shown in the choice of criteria should be determined wi7~ regard 

to the stated objectives of the study (Butler, 1980). Choice of criteria, 

should allow distribution of soil profile classes, to be deduced from 

their position in relation to landform or from associated microtopographic 

features, since definition and delineation of soil mapping units is 

greatly simplified where soil-landform relationships can be identified. 

Earlier concepts on the relationship between soil morphology and 

soil chemical properties affecting plant growth have been modified as 

the result of more recent studies of soil variability (Beckett and 

Webster, 1971; Adams and Wilde, 1976a, 1976b). Since prediction of 

soil chemical and physical properties from soil morphological properties 

may be very poor (Webster and Butler, 1976), key morphological criteria 

that are known to affect plant growth should be selected. 
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Suitable properties include those that are indicative of soil aeration, 

soil water relationships including drainage and physical factors 

affecting plant root development. Such a bias is relevant in the 

present study where an objective is the evaluation of soil distribution 

in relation to plant ecology and edaphology. Ideally soil morphological 

criteria related to the stage of soil development should also be 

identified. Their recognition would theoretically allow the prediction 

of soil chemical and mineralogical properties that were genetically 

related to the identified stage of development. The prediction of 

many labile chemical properties, of significance to plant growth, is 

not achieved because of soil variability (Beckett and Webster, 1971) 

which may be compounded by uneven fertiliser additions to the soil 

surface. 

An objective of studying soil distribution is the prediction of 

soil profile classes at unvisited or unrecorded places from the few 

observations that have been made. As Webster (1981) observed, 

"Much of the mystique of soil survey concerns this problem; so 

do many of the misunderstandings of soil survey and arguments 

that follow from them". 

A development that post dates the conception and execution of this 

study is the use of interpolation techniques as a procedure for 

estimating the probability of soil morphological properties between 

observation points (Webster, 1981; Giltrap, 1983a, 1983b). The 

potential of such techniques are recognised, although not adopted in 

this study. The method used in this study, follows a traditional 

approach of stratifying observation sites in relation to the 

identified slope profile and contour strata of selected first order 

valley basins (see sections 3.6.3 and 3.6.4). 

5.3 STUDY SITES 

These have been described in sections 3.5, 3.6 and 4.3 and 

listed in Table 15. The results presented are for the two detailed 

study areas, Coopers Creek Research Area, and Mt Pleasant, Hunua. 

Observations from other sites are referred to only if additional 

information was revealed on soil profile classes and their distribution. 
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5.4 METHODS AND TERMINOLOGY 

Field descriptions of soil site and profile morphology were 

recorded on proforma cards (Appendix 2, section 5.7). Terminology 

for slope form and position is described in section 3.6.3. Cutler's 

(1981, 1983) terminology for soil profile forms was used with a 

modification to include the profile depth trend of the stone and 

gravel fractions (Appendix 2). Soil horizon nomenclature used is 

defined in Avery (1980). The description of rock fragment 

(> 2 rom diameter), volume and size grades is set out in Table 17, and 

rock fragment weathering grades in Table 19. Terms used to describe 

rock fragment shape are illustrated in Hodgson (1976, Figure 7 page 27) . 

Descriptions of soil (fine earth) texture, consistence, structure, 

concretions and mottles, roots and horizon boundaries follow the 

terminology of Taylor and Pohlen (1962). The revised soil consistence 

terminology (Hodgson, 1976), which describes soil strength, failure, 

maximum stickiness and maximum plasticity was not used as it was 

unsuitable for soil materials with a high proportion of stones and 

gravels. Moist soil colours were recorded using a standard soil colour 

chart (Fujihara Industry Company, 1966), and for comparative purposes 

grouped into classes (Coventry and Robinson, 1981). 

In field studies there is a physical and time constraint on the 

number of observations that can be made. In the present study, the 

number of soil pits excavated for detailed description was limited to 

128. pits were excavated either at 5 sites (interfluve to toeslope) 

or 3 sites (shoulder to footslope) per slope profile. Distance 

between pits varied from 20 m to 60 m. Partial profile descriptions 

of horizon sequence and solum depth were made between these main sites. 

The estimated density of observations within the sample of first order 

valley basins ranged from 5 to 20 per area of 10 000 m2 . Additional 

observations from exposure along road cuttings provided information on 

the variation of soil profile form over short distances (10 - 20 m) . 

Soil profiles can be grouped into classes using traditional 

methods, often described as subjective, which depend on genetic models, 

observer judgement and a biased selection of key criteria. An 

alternative to this subjective approach is the use of numerical methods 

of analysis (Muir et al., 1970; Moore et al., 1972). Although these 
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Sc.he/{,'nq 
are presented as objective methods of classification, as ShelliAg 

(1970) points out, many of the steps such as sampling, selection of 

morphological criteria, weighting and coding, all involve subjective 

choices. As Muir et al. (1970) observe, the results of traditional 

methods and numerical methods are often in agreement. These authors 

conclude that this is a likely outcome since both traditional and 

numerical methods consider the same pool of properties, most of which 

relate in some way to soil morphology. Sampling is thus biased 

toward morphologically distinguished horizons. A further difficulty 

affecting the numerical and statistical comparison of soil morphological 

properties is that most of these are subjectively assessed, ranked 

(as opposed to measured) properties. Giltrap et al. (1983) illustrates 

the contrivance required to transform ranked properties for statistical 

analysis. 

In this study traditional methods are used to determine soil 

profile classes. 

5.5 RESULTS AND DISCUSSION 

5.5.1 Criteria for establishing soil profile classes 

Classes were constructed using the following criteria: 

(1) Soil horizon sequence and the redox profile form of the 

Band/or C horizons. 

(2) Solum depth (A, or A + B horizons), to bedrock (R horizon) 

or to a zone lacking soil structure (C horizon) . 

(3) Skeletal texture profile (visually judged change in the 

volume of stones and/or gravels, between A and B horizons) . 

(4) Fine earth texture profiles (the comparison of the 

dominant fine earth texture in the A and B horizons) . 

Soil colour was not included as a criteria as the variation in 

Ah and Bw horizon colours was comparable for most soils. Colour 

contrasts that did occur were already incorporated in the classes 

formed by the already listed differentiating criteria. Ah horizons 

had hues of either 10YR or 2. 5Y and soil colour groups (Figure 28) 

1 or 2. Bw horizons also had hues of either 10YR or 2.5Y and soil 

colour groups of 9 and less commonly 2. The soil structure profile 

was epipedal (granular) for Ah, R and predominantly bipedal (granular 

on blocky) for Ah, Bw, Cu or R profiles. These two categories of 

structure profile are distinguished by their respective soil horizon 

sequences. 
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Of the key criteria, solum depth and skeletal texture profile 

are considered of most significance because of their effect on soil 

root volume and water storage. The relationship between % soil water 

content (g water/g air dry soil) and the % volume of stones and 

gravel is shown in Figure 25. The envelope described by the upper and 

lower values (indicated by dotted lines) gives an indication of the 

storage of extractable water. Samples were collected at different 

times of the year, and are considered to cover the range of natural 

water contents under conditions of unimpeded drainage. 

The key morphological criteria and the corresponding numerical 

codes are set out in Tables 25, 26, 27. 

SOIL HORIZON SOLUM DEPTH NUMERICAL CODE 

SEQUENCE ( cm) 

Ah.R 5 - 30 l.0.0 

Ah.Bw.R 30 - 50 2.0.0 

Ah.Bw.R or 
50 - 100 3.0.0 

Ah.Bw.Cu 

Ah.Bw.Cu > 100 4.0.0 

Ah.Bg.Cg or 
20 - 60 5.0.0 

Ag.Cg 

Table 25. Soil horizon sequence and solum depth criteria 

SKELETAL PROFILE NUMERICAL CODE 

(estimated volume) 

slightly 
2 - 15% 0.l.0 

slightly on 
moderately 0.2.0 

moderately 
15 - 50% 0.3.0 

very 
50 - 90% 0.4.0 
(includes mod./very 
and very /rnod. ) 

Table 26. Skeletal texture profile criteria 
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FINE EARTH PROFILE NUMERICAL CODE 

sandy loam 0.0.1 

silt loam 0.0.2 

silt loam on 
0.0.3 

sandy loam 

silt loam on 
0.0.4 

clay loam 

Table 27. Fine earth texture profile criteria. 

Each soil profile class is indicated by a numerical code, combining 

all key criteria, e.g. Ah.R, slightly skeletal, sandy loam has the 

code 1.1.2. Of the 80 possible classes 35 were recognised, and of 

these 27 occurred in the two detailed study areas. The other 45 

potential soil profile classes, either do not exist, or form such 

a minor component that they were not identified this study. 

5.5.2 Soil profile forms and soil profile classes 

For the purpose of description soil profile classes are grouped 

into five soil profile forms. Each form is defined by its horizon 

sequence and solum depth. Soil profile classes are in turn defined 

by their skeletal and fine earth texture profile forms. 

The description of soil morphological properties common to 

each soil profile form, the differentiating textural criteria for 

each soil profile class, and the index to representative soil 

profile descriptions (sections 5.7.2 and 5.7.3) are tabulated. 

In the tabulation of soil morphological properties, the relative 

occurrence of the class of a particular property is indicated by 

the order of listing and the use of > and = symbols. 



Photograph 4 . Soil profile form 1. Soil profile class 1.1.1, 

Mt Pleasant , Hunua. 



SOIL PROFILE FORM 1. (Photo 4) 

Soil horizon sequence 

Solum depth 

PROPERTY 

Thickness (cm) 

Colour Hue 10YR > 

Colour Group 1 > 2 

Mottling 0 

Texture: Skeletal 

Ah.R 

5 - 30 cm 

SOIL HORIZON 

Ah 

5 - 30 

2.5Y lOYR > 

6 > 9 

0 

R 

NA 

7.5YR > 2.5y 

> 1 

weathering slightly>moderately slightly>moderately 

shape angular NA 

lithology sandstone sandstone>siltstone 

Consistence friable>firm NA 

Structure 

grade moderately>strongly NA 

size fine>medium NA 

type granular>nut I NA 

Table 28. Morphological properties common to all soil profile 

classes included in soil profile form 1. 

NA - not applicable. 

SOIL HORIZON SOLUM TEXTURE PROFILE SOIL PROFILE 

SEQUENCE DEPTH ( cm) SKELETAL FINE EARTH CLASS 

Ah.R 5 - 30 slightly sandy loam 1.1.1 

silt loam 1.1.2 

moderately sandy loam 1. 3.1 

silt loam 1. 3.2 

very sandy loam 1.4.1 

silt loam 1.4.2 

Table 29. Texture criteria for differentiating the soil profile 

classes with soil profile form 1. 
~ 
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Photograph 5. Soil profile form 2 . Soil profile class 2 . 2 . 2 , 

Mt Pleasant , Hunua. 

184. 



SOIL PROFILE 
REPRESENTATIVE SOIL PROFILES 

CLASS SECTION 5.7.2 SECTION 5.7.3 

1.1.1 26, 27, 33 

1.1. 2 37 

1. 3.1 32 

1.4.1 38 

1.4.2 7 

Table 30. Representative soil profiles, soil profile 

form 1. 

SOIL PROFILE FORM 2. (Photo 5) 

Ah.Bw.R Soil horizon sequence 

Solum depth 30 - 50 cm 

SOIL HORIZONS 
PROPERTY 

Ah Bw 

Thickness (cm) 10 - 30 10 - 30 

Colour Hue 10YR 10YR > 2.5Y 

Colour Group 2 > 1 9 > 2 

Mottling 0 0 

Texture: Skeletal 

weathering slightly>moderately slightly>moderately 

shape angular>subrounded angular>subrounded 

lithology sandstone sandstone 

Consistence friable firm> friable 

Structure 

grade strongly weakly>moderately 

size fine>medium fine>medium 

type nut>granular blocky 

185. 

R 

10YR 

1 

0 

: 

slightly 

NA 

sandstone 

NA 

NA 

NA 

NA 

Table 31. Morphological properties common to all soil profile classes 

included in soil profile form 2. 
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SOIL HORIZON SOLUM TEXTURE PROFILE 
SOIL PROFILE 

SEQUENCE DEPTH (cm) SKELETAL FINE EARTH CLASS 

Ah.Bw.R. 30 - 50 slightly silt loam on 
clay loam 2.1.4 

slightly on silt loam 2.2.2 
moderately 

silt loam on 
clay loam 2.2.4 

moderately sandy loam 2.3.1 

silt loam 2.3~2 

silt loam on 
clay loam 2.3.4 

very + silt loam 2.4.2 
moderately 
on very silt loam on 

clay loam 2.4.4 

Table 32. Texture criteria for differentiating the soil profile 

classes with soil profile form 2. 

SOIL PROFILE 
REPRESENTATIVE SOIL PROFILES 

CLASS SECTION 5.7.2 SECTION 5.7.3 

2.1.4 39 

2.2.2 25, 28 

2.2.4 40 

2.3.1 31 

2.3.2 

2.3.4 

2.4.2 

2.4.4 

Table 33. Representative soil profiles, soil profile 

form 2. 
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Photograph 6a . Soil profile form 3 . Soil profile class 3.2 . 4 , 

Cooper s Creek Research Area . 
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Photograph 6b. Soil profile form 3 . Soil profile class 3 .4.4 , 

Coopers Creek Research Area . 



SOIL PROFILE FORM 3 (photos 6a, 6b) 

Soil horizon sequence Ah.Bw.Cu or R 

Solum depth 50 - 100 cm 

SOIL HORIZONS 
PROPERTY 

All Bw 

Thickness (cm) 15 - 30 30 - 70 

Colour Hue 10YR > 2.5Y 2.SY > 10YR 

Colour Group 2 > 1 9 3 2 

Mottling 0 0 

Texture: Skeletal 

weathering moderately>slightly moderately>slightly 

shape angular>subangular angular>subangular 
>subrounded >subrounded 

lithology sandstone sandstone 

Consistence friable firm 

Structure 

grade strong weak 

size fine>medium fine>mediurn 

type granular>nut blocky>nut 

189. 

Cu (or R) 

10+ 

2.5Y > lOYR 

9 ~ 2 

0 

moderately>slightly 

angular>subangular 
>subrounded 

sandstone>siltstone 

firm>loose 

massive or single 
grained 

Table 34. Morphological properties common to all soil profile classes 

included in soil profile form 3. 
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SOIL HORIZON SOLUM 
TEXTURE PROFILE 

SOIL PROFILE 

SEQUENCE DEPTH (cm) SKELETAL FINE EARTH CLASS 

Ah.Bw.Cu (or R) 50 - 100 slightly silt loam 3.1.2 

silt loam on 
clay loam 3.1.4 

slightly on silt loam 3.2.2 
moderately 

silt loam on 
clay loam 3.2.4 

moderately silt loam 3.3.2 

silt loam on 
clay loam 3.3.4 

very + silt loam 3.4.2 
moderately 
on very silt loam on 

sandy loam 3.4.3 

silt loam on 
clay loam 3.4.4 

Table 35. Texture criteria for differentiating the soil profile 

classes with soil profile form 3. 

SOIL PROFILE 
REPRESENTATIVE SOIL PROFILES 

CLASSES SECTION 5.7.2 SECTION 5.7.3 

3.1.2 41 

3.1.4 19 

3.2.2 29 

3.2.4 1, 2, 8, 9, 15, 21 

3.3.2 

3.3.4 3, 13, 14, 16, 20 

3.4.2 30 

3.4.3 34 

3.4.4 4, 5, 10, 11, 12, 17, 18. 

Table 36. Representative soil profiles, soil profile form 3. 
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Photograph 7 . Soil profile form 4 . Soil profi l e class 4.4.2 , 

Mt Pleasant, Hunua. 



SOIL PROFILE FORM 4 (Photo 7) 

Soil horizon sequence 

Solum depth 

Ah.Bw.Cu 

> 100 cm 

SOIL HORIZONS 
PROPERTY 

Ah Bw 

Thickness (cm) 20 - 40 70 - 100 

Colour Hue 10YR 10YR > 2.5Y 

Colour Group 1 > 2 9 ~ 2 

Mottling 0 0 

Texture: Skeletal 

weathering slightly>moderately moderately>slightly 

shape angular>subrounded angular>subrounded 

lithology sandstone sandstone 

Consistence friable firm>friable 

Structure 

grade strong weak 

size fine >rr,edi um fine>medium 

type granular~nut blocky>nut 

Footnote. As Cu horizon was exposed in only 1 soil profile, 
properties are listed. 

192. 

Cu (see 
footnote) 

10+ 

no 

Table 37. Morphological properties common to all soil profile classes 

included in soil profile form 4. 
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PROFILE' 
SOIL HORIZON SOLUM 

,TEXTURE 
SOIL PROFILE 

SEQUENCE DEPTH (cm) SKELETAL FINE EARTH CLASS 

Ah.Bw.Cu >100 slightly on silt loam on 
moderately sandy loam 4.2.3 

silt loam on 
clay loam 4.2.4 

moderately silt loam 4.3.2 

silt loam on 
sandy loam 4.3.3 

silt loam on 
clay loam 4.3.4 

very + silt loam 4.4.2 
moderately 
on very silt loam on 

clay loam 4.4.4 

Table 38. Texture criteria for differentiating the soil profile classes 

with soil profile form 4. 

SOIL PROFILE 
REPRESENTATIVE SOIL PROFILES 

CLASS SECTION 5.7.2 SECTION 5.7.3 

4.2.3 36 

4.2.4 

4.3.2 

4.3.3 

4.3.4 

4.4.2 35 

4.4.4 22, 23, 24 

Table 39. Representative soil profiles, soil profile 

form 4. 



Photograph 8 . Soil profile form 5. Soil profile class 5.2 .4 , 

Coopers Creek Research Area. 



SOIL-PROFILE FORM 5 (Photo 8) 

Soil profiles with hypoparaquic and hypoaquic redox profile 

forms (cutler, 1983) are grouped into soil profile form 5. This is 

done for expediency as, in the present study, these soils were of 

minor occurrence. 

Soil horizon sequences 

Solum depth 

PROPERTY 
Ah 

Thickness (em) 20 - 40 

Ah.Bg.Cg 

Ah.Cg 

20 - 60 cm. 

SOIL 

10 

HORIZONS 

Bg I Cg 

- 40 10+ 

195. 

Colour Hue 10YR > 2.5Y 5y > 2.SY = 10YR SGY = 5Y = 10YR 

Colour Group 1 > 2 6 = 2 1 > 2 > 6 

Mottles Hue 0 I 10YR = 7.5YR 10YR = 7.5YR 

Colour Group 9 = 10 9 = 10 

Texture: Skeletal 

weathering slightly>moderately slightly=moderately sligbtly=moderately 

shape angular>subangular angular angular>subrounded 

lithology sandstone sandstone sandstone>sil tstone 

Consistence friable firm firm>very firm 

Structure 

grade strong>moderate weak massive 

size fine>medium fine W\ 

type granular=nut blocky NA 

Table 40. Morphological properties common to all soil profile classes 

included in soil profile form S. 
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SOIL HORIZON SOLUM 
TEXTURE PROFILE 

SOIL PROFILE 

SEQUENCES DEPTH (cm) SKELETAL FINE EARTH CLASS 

Ah.Bg.Cg. 20 - 60 slightly silt loam 5.1. 2 

and 
silt loam on 

Ah.Cg clay loam 5.1.4 

slightly on silt loam on 
moderately clay loam 5.2.4 

very + silt loam 5.4.2 
moderately 
on very silt loam on 

clay loam 5.4.4 

Table 41. Texture criteria for differentiating the soil profile 

classes with soil profile form 5. 

SOIL PROFILE 
REPRESENTATIVE SOIL PROFILES 

CLASS SECTION 5.7.2 SECTION 5.7.3 

5.1.2 

5.1.4 

5.2.4 42 

5.4.2 6 

5.4.4 

Table 42. Representative soil profiles, 

soil profile form 5. 
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5.5.3 Distribution of soil profile classes within first order 

valley basims 

An analysis of site and soil profile descriptions from the two 

detailed study areas shows a relationship between the distribution of 

soil profile classes and the slope contour strata (Tables 43 and 44). 

SOIL SLOPE CONTOUR STRATA SOIL SLOPE CONTOUR STRATA 

PROFILE 
INTERFLUVE 

CLASS - NOSE 
HOLLOW 

PROFILE 
INTERFLUVE 

CLASS - NOSE 
HOLLOW 

1.1. 2 C 4.2.4 C 

1.4.2 C 4.4.4 C C 

2.2.2 C 5.1. 2 C 

2.2.4 C 5.2.2 C 

2.4.2 C 5.4.2 C 

2.4.4 C 5.4.4 C 

3.1.4 C 

3.2.4 A C Relative occurrence 

3.3.4 B C 
Class % of observations 

3.4.2 C 

3.4.4 C A 
A 20 - 11 

B 10 - 6 

C 5 - 1 

Total number of observations 71 

Table 43. Distribution of soil profile classes in relation to slope 

contour strata, Coopers Creek Research Area. 

This analysis from the Coopers Creek Research Area (Table 43) 

shows, the dominant soil profile classes to be 3.2.4, 3.3.4 (interfluve 

and nose strata) and 3.4.4 (hollow strata). The shallow soil profile 

classes (forms 1.0.0 and 2.0.0) were only observed in interfluve-nose 

strata. The soil profile classes with gley features (5.0.0) were 

observed in back and foot slopes of Hollow strata. The dominant fine 

earth texture profiles were gradational positive (silt loam on clay loam) . 

Uniform (silt loam) fine earth texture profiles were less common. 
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SOIL SLOPE CON'IDUR STRATA SOIL SLOPE CON'IDUR STRATA 

PROFILE 
INTERFLUVE 

PROFILE 

CLASS - NOSE 
HOLLOW 

INTERFLUVE 
CLASS - NOSE HOLLOW 

1.1.1 A 3.1. 2 

1.1.2 B 3.2.2 

1. 3.1 B 3.2.4 

1. 3. 2 C 3.4.2 

1.4.1 B 3.4.3 

2.2.2 B B 
3.4.4 

2.3.1 C 4.2.3 

4.3.2 

Relative occurrence 
4.4.2 

Class % of observations 

A 20 - 11 

B 10 - 6 

C 5 - 1 

Total number of observations 32 

Table 44. Distribution of soil profile classes in relation to slope 

contour strata, Mt Pleasant, Hunua. 

C 

B 

C 

B 

C 

A 

C 

C 

C 

Analysis of the soil distribution at Mt Pleasant (Table 44) shows 

only one soil profile class (2.2.2) common to both slope contour strata. 

The absence of soil profile foyms 3.0.0 and 4.0.0 from interfluve and 

nose strata provides a contrast with the Coopers Creek Research Area. 

The fine earth texture profile forms for the soil profile classes on 

interfl'uves and nose strata are uniform (sandy loam or silt loam) . 

In hollow strata they are more varied and include; uniform (silt loam) 

and both gradational positive (silt loam on sandy loam) and negative 

(silt loam on clay loam) fine earth texture profile forms. The 

recognition of uniform (sandy loam) and the gradational negative 

(silt loam on sandy loam) fine earth texture profiles provides another 

contrast with soil profile classes at Coopers Creek. 

The pattern of soil profile class distribution with respect 

to the slope profile strata (within the previously described interfluve

nose and hollow contour strata) is less pronounced than that between 

slope contour strata. 
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At Coopers Creek variation of soil profile class distribution 

within interfluve and nose strata was related to microtopography and 

the occurrence of bedrock outcrops and less related to the change in 

slope profile strata. For nose slopes with even to uneven surfaces 

with low amplitude (30 - 50 cm) terrecettes the soil profile classes 

varied only in their skeletal texture profiles (3.2.4, 3.3.4 and 3.4.4) 

and no trend in relation to slope profile strata (shoulder to footslope) 

was evident. In hollow contour strata slightly and moderately stony 

soil profile classes (3.2.4 and 3.3.4) are more cornmon in the headslope 

and upper backslope. Very stony soil profile classes (3.4.4 and 4.4.4) 

occur only in the lower backslope and footslope, often in together 

with localised surface accumulations of stones and gravels. 

At Mt Pleasant, the distribution of soil profile classes on 

interfluve and nose contour strata are largely controlled by the 

pattern of bedrock outcrops. This pattern is a distinctive feature 

and is determined by the intersection Of the strike of steeply dipping 

sandstone beds with the orientation of interfluves and noses. The 

skeletal and fine earth texture profiles are related to the sandstone 

and siltstone lithologies of the R horizon. In the hollow contour 

strata, shallow soil profile classes (2.2.2, 3.1.2 and 3.2.4) are 

more cornmon in the headslope and in the transition between nose and 

hollow. The deeper and more stony soil profile classes (3.2.2, 3.4.2, 

3.4.4) occur in the hollow, backslopes and footslopes. 

In both study areas the patterns of soil profile class 

distribution described were found to be, similar on all aspects. 

Subtle differences jn Ah horizons were noted when comparing soils 

(irrespective of differences in soil profile class) on south aspects 

with those on other aspects. The soils on south aspects had more 

turfy Ah horizons and where mosses were abundant, a thin (2 cm) 

F horizon was developed above the Ah. This was more evident at 

Mt Pleasant than at Coopers Creek and may reflect differences between 

the two areas in pasture composition, and grazing management. 

5.5.4 Description of soil mapping units 

The relationship established between the interfluve, nose and 

hollow contour strata and the distribution of soil profile classes 

(Tables 43 and 44) provides a basis for soil mapping. These contour 

strata (landscape bodies, Schelling, 1970) have boundaries that can 

be defined in relation to changes in slope contour (see section 3.6.3). 
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Note that in this study the planar segment of the slope contour, the 

sideslope, has been apportioned between the nose and. hollow. This 

means that the boundary between the nose and hollow is identified 

at the point where the slope contour changes from convex to concave 

or alternatively midway along a planar segment between the convex and 

concave contour segments. The boundary between interfluve and nose 

contour strata in many situations is less easily defined. As with 

the boundary between interfluve and hollow contour strata it is best 

placed to coincide with the shoulder and headslope segments of the 

slope profile. The lower boundaries of both nose and hollow contour 

strata are determined by stream channels or by changes in slope angle. 

The latter may occur either abruptly or gradually as the slope extends 

to adjacent terraces or to a valley fill. Between adjacent first 

order valley basins occur segments of the slope that Huggett (1975) 

described as interbasin areas. In this study these areas are included 

as the lower part of the Nose contour strata. 

The three slope contour strata, or landscape bodies, are used 

to define delineated soil bodies, each having specific combinations 

of soil profile classes, miscellaneous areas, slope form and microto

pography. Delineated soil bodies which are sufficiently alike are 

grouped to form classes of compound soil mapping units (defined in 

section 2.3.0). Of the two detailed study areas, only Coopers Creek 

was investigated with the objective of preparing a soil map. The 

study of Mt Pleasant, was advanced only to the stage of defining 

preliminary soil mapping units. These were not delineated beyond the 

limits of the two sample first order valley basins. 

The Coopers Creek Research Area was delineated into seven 

compound soil mapping units (Table 45, Figure 26). The soil distribution 

within delineations of soil complexes (Hi, H2, H7) varies from 

unpredictable to predictable micro associations, where the pattern of 

bedrock outcrops determine the distribution of soil profile classes 

and miscellaneous areas. Within delineations of the four catenas 

(H3, H4, H5, H6) soil profile classes display either a limited 

variation of soil profile form, or a change in soil morphology with 

slope position. In either case it is assumed soil chemical properties 

may show a trend related to slope hydrology and that this trend will 

not be masked by soil variability. At a more generalised level of 

mapping these four catenas would be regarded as subdivisions of one 

soil catena. The soil catena H4 has a pronounced pit, mound and 



Table 45. Compound soil mapping units, Coopers Creek Research Area. 

CCX?OUND SOIL INCLUDED 
SOIL PROFILE 

}!APPING UNIT MISCELLANEOUS LANDSCAPE BODY SLOPE FORM AND BOUNDARY CO~~ITIONS 
CLASSES a 

SYMSOL CLASS AREAS a 

Hl COHPLEX 1.4.2(C) bedrock (C) slope contour, convex .. 

2.2.2 (B) , 2'.4.4(B) surface stones (C) interfluve slope profile, planar to slightly convex 

I 
3.2.4 (A) slope angles, 0 - 120 

boundary, defined by landscape body. 

H2 COMPLEX 1.4.2(C) bedrock (13) slope contour, convex. 

2.2.4 (A) surface stones (C) nose slope profile, planar to convex 

3.2.4 (B) slope angles, 14 - 400 

I 
boundary, defined by landscape body 

and patterns of bedrock outcrops. 

H3 CATENA 2.2.4 (B) slope contour, convex 

3.2.4(A), 3.3.4(A) nose slope profile, pianar to convex 

slope angles, 14 - :<5° . 
boundary, defined by landscape body. 

H4 CATENA 3.2.4 (A), 3.3.4(B) slope contour, convex 

3.4.4(B) nose slope profile, planar to convex 

I slope angles, 14 - 250 

boundary, defined by landscape bqdy. 

H5 Cl\TENA 3.4.4(A) Slope contour, concave 

4.4.4 (B) hollow Slope profile, planar to concave 

slope angles, 10 - 250 

boundary, landscape body and Inid-backslope 

H6 CATENA 3.4.4 (A) surface stones (B) slope contour, concave 

5.4.2(C) , 5.4.4 (C) hollow slope profile, planar to slightly concave 

slope angles, 5 - lSo 

boundary, landscape body and mid-backs lope 

H7 

I 
eO~LEX I 5.1.2(B) , 5.2.4(A) hollow slope ,contour and profile determined by 

(less commonly location. slope angles 5 - 250 

I I I I nose). boundary, extent of rush vegetation. 
-------

a Footnote. Relative abundance of soil profile classes within delineations: (A) > (E) > Ie) 

MICROTOPOGRAPHY 

AND RELATED FEATURES 

varies from even to 10", 

amplitude « 50 em) pits 

and mounds. 

variable, from even to 

irregular and stepped 

adjacent to bedrock 

outcrops. 

even with low amplitude I 
(30 - 50 em) terracettes. 

irregular with numerous 

I high amplitude (> 50 em 

pits, mounds and I terracettes. 

even with low amplitude 

(30 - 50 em) terracettes. 

uneven with low banks I 

of surface stones. 

uneven (spring seepages 

and rushes). 

. 

I\.) 

o 
I-' 
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terracette microtopography. Trenching across selected pits and mounds 

revealed no evidence of recent soil disturbance or changes in soil 

morphological characteristics other than solum depth, which was 

within the defined limits (50 - 100 cm) of soil profile form 3. 

From these observations it was concluded that the origin of this 

microtopography was associated with events, such as forest windthrow 

that occurred many hundreds of years ago. Radcliffe (1982), in her 

studies of plant production, stratified soil catena H4 into slope 

(mounds) and hollow (pits). The microtopography had a significant 

effect on pasture growth, with the pits having the higher annual 

pasture accumulation. The pits remained moister for longer periods 

following rain, and acted as traps for dung and plant litter. 

The two first order valley basins studied at Mt Pleasant, were 

delineated into three compound soil mapping units (Table 46, Figure 27). 

The soil pattern within the two complexes (Hnl and Hn2) was similar, 

with the distribution of soil profile form 1 spatially linked with 

the patterns of bedrock outcrop~ and soil profile form 2 more commonly 

occurring in the areas of even to uneven microtopography between rock 

outcrops. The skeletal and fine earth texture profile forms could 

not be predicted from these soil profile form-microtopographic 

relationships. The compound soil mapping unit Hn3 is described as 

a soil catena notwithstanding the variety of soil profile classes. 

As previously noted there was a trend in the distribution of soil 

profile classes from heads lope to backslope with a dominance of the 

deeper and coarser (skeletal texture profile) soil profile classes 

in the backslope and footslo,Je. Further study may show a need for 

the definition of additional compound soil mapping units to 

accommodate those drainage basins with incised streams, well 

developed sideslopes and relatively minor hollow landscape bodies. 

Comparison of the results of these two detailed studies, 

shows the greatest contrast in the relative abundance of soil profile 

forms occurs on interfluves and noses and a similarity of soil 

profile forms is found in hollows. If it is assumed that 

Coopers Creek and Mt Pleasant study areas are representative of the 

Hurunui and Haldon steepland soils respectively, then the two studies 

provide a basis for redefining these reconnaissance soil mapping 

units as the Hurunui and Haldon associations. (For definition of 

association, a compound soil mapping unit, see section 2.3.4.) 



COMPOUND SOIL 
INCLUDED 

MA.?PING UNITS SOIL PROFILE 

CIASSES a HISCELLANEOUS LANDSCAPE BODY SLOPE FORH AND BOUNDARY CONDITIONS 

SYHBOL CLASS AREAS a 

Hn 1 CO~.pLEX l.l.l(A) , l.l.2(B) bedrock (A) slope contour, convex to planar 

l.3.I(B), l.3.2(C) surface stones (Cl interfluve slope profile, planar to slightly convex 

2.2.2(Bl, 2.3.1(Cl slope angles, 0 - 120 

boundary, defined by landscape body. 

Hn 2 COMPLEX 1.1.1(A), 1.1.2(B) bedrock (Al slope contour, convex 

1.3.1(B), l.3.2(C) surface stones, nose slope profile, planar to convex 

2.2.2(B), 2.3.1(C) (variable from slope angle, 14 - 350 and > 40 near 

B to Cl. bedrock outcrops 

boundary, defined by landscape body. 

Hn 3 CATENA 2.2.2(B) slope contour, concave to planar 
j 

3.1.2(C), 3;2.2(B) hollow slope profile, planar to concave I 
3.2.4. (C), 3.4.2(B) slope angle, 10 - 300 

3.4.3(C), 3.4.4(A) boundary, defined by landscape body. 

4.2.3(C), 4.3.2(C) 

4.4.2(C) 
- -- ----

a Footnote. Relative abundance of soil profile classes within delineations (Al > (B) > (C) 

Table 46. Compound soil mapping units Mt Pleasant, Hunua study area. 

HICROTOPOGRAPHY 

AND RELATED FEATURES 

flat to rolling and 

broken by aligned 

bedrock ridges. 

. 
irregular, and stepped 

adjacent to the n~~erous 

bedrock outcrops 
I 

(areas of bare ground). 

even with low areplitude 

(30 - 50 cm) terrace':tes I 
and banks. 

Backslope and fcotslope I 
thalwegs may be. gullied. 

'" o 
~ 
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The Hurunui association is characterised by two dominant and three 

subdominant soil profile forms each with a predictable distribution 

with respect to visually identifiable landscape bodies (Table 47) . 

DOMINANT SOIL SUBDOMINANT SOIL LANDSCAPE 

PROFILE FORMS PROFILE FORMS BODY 

206. 

(2) Ah.Bw.R. , 30-50cm (1) Ah.R. , 5-30cm interfluve -

(3) Ah.Bw.Cu or R. , 50-100cm 

(3 ) Ah.Bw.Cu or R. , 50-100cm (4 ) Ah.Bw.Cu. , >IOOcm 

(5) Ah.Bg.CG + Ah.CG. , 
20-60cm. 

Table 47. Dominant and subdominant soil profile forms, 

Hurunui association. 

nose 

hollow 

The Haldon association is defined tentatively because of the 

limited study of these soils throughout their geographical extent. 

Based on the Mt Pleasant study, there are two dominant and one 

subdominant soil profile forms, each with a predictable distribution 

with respect to landscape bodies (Table 48) . 

DOMINANT SOIL SUBDOMINANT SOIL 

PROFILE FORMS PROFILE FORMS 

(1) Ah.R. , 5-30cm 

(3) Ah.Bw.Cu or R., 50-100cm (2) Ah.Bw.R. , 30-50cm 

Table 48. Dominant and subdominant soil profile forms, 

Haldon association. 

LANDSCAPE 

BODY 

interfluve -
nose 

hollow 

Tables 47 and 48 show that the Hurunui and Haldon associations differ 

in the dominant soil profile forms found on interfluves and noses. 

The Hurunui association is also characterised by the occurrence of 

spring seepages and hydromorphic soils (Ah.Bg.CG and Ah.CG soil profile 

forms). The same soil profile forms occur in hollows, in both the 

Haldon and Hurunui associations. A more subtle distinction, especially 

in such stony soils, is the dominance of gradational positive (silt 

loam to clay loam) fine earth texture profile forms in the Hurunui 
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association and the variable and gradational sandy loam, silt loam and 

clay loam fine earth texture profile forms of the'Haldon association. 

The overall similarity in soil profile forms in both the Hurunui and 

Haldon associations (especially in hollows) may account for the 

difficulties encountered in distinguishing between them. Griffiths 

(1978, 1980) in his study of the Waikari District, mapped both Hurunui 

steepland soils and Haldon steepland soils on the western end of the 

Doctors Range. This includes the Mt Pleasant and adjacent subdivisions 

of Hunua. Griffiths subdivided each of these steepland soil mapping 

units, using the model proposed by Campbell (1973, 1975, 1977) into 

three variants; ridge, accumulation slope and an unnamed variant 

(assumed to be Campbell's intermediate steep slope). The ridge variant 

is equivalent to the interfluve as described in this study. The 

accumulation and intermediate slope variants could not be reconciled 

with the landscape bodies or compound soil mapping units defined in 

the present study. Examination of areas delineated by Griffiths as 

Haldon,and Hurunui steepland soils within the boundaries of Hunua 

revealed soil patterns comparable to those described for the 

Mt Pleasant Block. The soils of the Mt Pleasant block were mapped as 

Hurunui steepland soils by Griffiths, a mapping classification that is 

not supported by the present study. 

5.6 CONCLUSIONS 

The traditional methods used in this study are considered to 

adequately define soil profile classes. These classes and the soil 

profile forms into which they are grouped, were easily recognised in 

the field, and their distribution could be related to topographically 

defined and delineated landscape bodies. The stratified survey 

procedure adopted, established the relationship between the soil 

pattern and the morphometry of first order valley basins. The 

theoretical basis for this stratification procedure was the model 

proposed by Huggett (1973). The first order valley basin, as a soil 

system (model), is thus applicable to the present study. 

The results of this study, show that the Hurunui and Haldon 

steepland soils can be redefined as associations, in which the distribu

tion of the dominant and subdominant soil profile forms may be predicted 

in relation to defined landscape bodies. At very detailed mapping 
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scales these associations can be further delineated into complexes and 

catenas. As the soil patterns in both the Hurunui and Haldon associations 

are predominantly spatially determined, they provide ideal situations 

for studying soil development in relation to slope and aspect. 

5.7 APPENDIX 2 

5.7.1 Description card 

Site and soil profile nomenclature follows Taylor and Pohlen 

(1962) unless otherwise indicated. Nomenclature from references that 

are not widely available, e.g. Cutler (1983) are defined. 

For defi'ni tions of; aspect, slope profile and slope contour 

refer to section 3.6.3, and for debris mantle and bedrock regolith 

to section 2.1.3. The features of the debris mantle regolith of 

both study areas are described in chapter 4.0. 

Soil profile systems. Soil texture profile forms (Cutler, 1981) 

emphasise the depth trend of the fine earth texture. A feature of the 

soils in the present study, is the depth trend of the volume and size 

grades of the skeletal (> 2mm diameter) fraction. TO simplify 

description only the depth trend of the (visually estimated) volume 

of the skeletal fraction is considered. The skeletal volume in the A 

is contrasted with that of the B horizon. TO incorporate changes in 

the volume of skeletal fractions, the following modification to 

Cutler's (1981) terminology is proposed. When present the skeletal 

fraction is described by one of the following terms; slightly (2-15%), 

moderately (15-50%), and very (50-90%). The depth trend of the volume 

of the skeletal fraction is indicated where it occurs throughout the 

soil profile by the adoption of Cutler's terms, uniform, gradational, 

duplex and variable. It should be noted, however, that the qualifying 

term positive, when applied to the skeletal fraction denotes an 

increase in volume with profile depth. 

e.g. SKELETAL: gradational positive (slightly to moderately skeletal) 

FINE EARTH: uniform (silt loam) 

Where the skeletal fraction occurs in only part of the soil profile 

(usually the B horizon) the volume is indicated by appending the 

appropriate term to the description of the fine earth texture profile 

form. 

e.g. Gradational negative (silt loam over sandy moderately skeletal) . 
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Soil structure profile forms (Cutler, 1983) are defined in terms 

of the relative proportion and the dominant structural type of peds in 

the A (and/or E) when contrasted with the B horizon. Soil horizons are 

divided into subpedal or pedal classes. The term subpedal indicates 

that a soil material is massive, single grained or has only very weakly 

developed peds that easily disintegrate into single grains. Pedal 

indicates that a soil material has either strong, moderate or less 

commonly weakly developed structure grades. Pedal horizons can be 

further classified according to the dominant structure type. 

In this study the following soil structure profile forms were 

recognised. 

1. Epipedal. Soil profiles in which the A are pedal and the 

underlying B or C horizons are subpedal. AiR. soil profiles were 

also described as Epipedal. 

2. Isopedal. Pedal soil profiles in which the same dominant 

soil structure types occur in both A and B horizons. Subtypes may 

vary between horizons with the limitation that the size range within 

the soil profile should be no greater than three size classes. 

3. Bipedal. Pedal soil profiles with contrasting soil 

structure types, between A and B horizons. Soil profiles in which 

the structure subtypes are the same in A and B horizons, but differ 

by more than three size classes, are recognised as a subclass of the 

bipedal form. 

Soil redox profile forms (Cutler, 1983) are defined with respect 

to the dominant colour and colour patterns in the A, Band C horizons. 

In this study the following redox soil profile forms are recognised: 

1. Oxidised Aeric. Soil profiles with uniformly coloured B 

horizons that are either red, brown, yellowish-brown, greyish-brown 

or olive. These colours are interpreted as indicating predominantly 

aerobic conditions. Oxidised colours may extend into the C horizon. 

Few « 2%) reddish or dark brown mottles may occur in some part of 

the B horizon. Soils with AiR profiles formed on oxidised (slightly 

to moderately weathered, Table 18) rock are recognised as a subclass 

of the oxidised form. 

2. Hypoparaquic. Soil profiles in which the Band C horizons 

have dominantly oxidised matrix colours with many to profuse (> 2%) 

mottles. The colour of mottles may be of low chroma (grey to dark 

colours) or high chroma (yellows to brownish reds). The proportion, 

size and distinctiveness of the mottle patterns may vary from horizon 

to horizon and laterally within horizons. 
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chroma chroma 

Figure 28. Soil colour groups to which the Munsell colour 

chips belong (Coventry and Robinson, 1981). 
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3. Hypoaquic. Soil profiles in which pale grey, bluish grey, 

greenish grey, or pale olive mottles or matrix colours occupy between 

30% to 80% (by volume) of the Band C horizons. The upper periphery 

of the ground water zone may be characterised by a concentration of 

dark or brownish red mottles. 

Soil colour groups have been derived from a numerical 

classification (Coventry and Robinson, 1981) and are reproduced for 

the hues of 7.5YR, 10YR, 2.5y and 5Y (Figure 28). 

Soil morphological properties have been entered on description 

cards in coded form. The coding is numerical (except for horizon 

symbols and is comparative with that suggested in Hazelden et al. 

(1976) and Hodgson (1976). The key to the coding system is set out 

in Table 49. 

Soil profile classes comprising less than 5 percent of the 

total observations made, are recorded in section 5 .. 5 .. 2 but are not 

included amongst the representative soil profiles in this Appendix. 

5.7.2 Site and coded descriptions of sampled representative soil 

profiles from Coopers Creek Research Area and Mt Pleasant, Hunua. 
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CODE PROPERTY CODE PROPERTY 

- SOIL HORIZON SYMBOLS Size 
(Avery, 1981) 

1 fine 

HORIZON 2 medium 

cm Depth 
3 coarse 

cm Thickness 
Contrast 

1 faint 
Distinctness 

2 distinct 
1 sharp 

3 prominent 
2 distinct 

3 indistinct 
TEXTURE (SKELETAL) 

4 diffuse Volume/size class 

Shape 
0 none 

1 smooth 
1 slightly gravelly 

2 wavy 
2 moderately gravelly 

3 irregular 
3 very gravelly 

4 discontinuous 
4 gravel 

5 slightly stony 
COLOUR (MOIST) 

6 moderately stony 

Hue 7 very stony 

6 5YR 8 stones 

7 7.5YR 9 slightly bouldery 

8 10YR 10 moderately bouldery 

9 2.5Y 11 very bouldery 

10 5Y 12 boulders 

14 5GY 
Weathering 

Value 1 unweathered 

2 to 8 (numeric scale) 2 slightly weathered 

Chroma 
3 moderately weathered 

0 to 8 (numeric scale) 
4 highly weathered 

5 completely weathered 
1 to 10 Colour Group 

Shape 
MOTTLES 

11 rounded 

Abundance 21 subrounded 

0 none 31 subangular 

1 few 41 angular 

2 many 

3 abundant 

4 profuse I 



CODE 

1 

2 

3 

PROPERTY 

Lithology 

sandstone 

siltstone 

mudstone 

TEXTURE (FINE EARTH 

1 sand 

2 

3 

4 

5 

6 

1 

loamy sand 

sandy loam 

silt loam 

clay loam 

clay 

CONSISTENCE (MOIST) 

loose 

2 very friable 

3 

4 

5 

6 

7 

8 

1 

2 

friable 

firm 

very firm 

extremely firm 

v,ery compact 

extremely compact 

STRUCTURE 

Grade 

single grained 

massive 

3 weakly developed 

4 moderately developed 

5 strongly developed 

CODE 

1 

2 

3 

4 

PROPERTY 

Size 

very fine 

fine 

medium 

coarse 

5 very coarse 

1 

2 

3 

4 

Type 

prismatic 

columnar 

blocky 

nut 

5 granular 

6 

o 
1 

2 

3 

4 

1 

2 

3 

4 

crumb 

ROOTS (Hodgson, 1976) 

Abundance 

none 

few 

common 

many 

abundant 

Size 

very fine 

fine 

medium 

coarse 

Note: Compound classes are indicated by a double symbol 
separated by a I. 

e.g. moderately gravelly and moderately stony, 2/6. 

Table 49. Numerical codes for soil morphological properties. 
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DESCRIPTION CARD SOIL PROFILE CLASS NO. 3.2.4 

GENERAL INFORMATION 

LOCATION COOPERS CREEK RESEARCH AREA 

GRID REF. 875 556 895 

CODE NO. 1 

ELEVATION est. 430m 

SITE DESCRIPTION 

LAND FORM Hill slope 

SLOPE ANGLE 29
0 

SLOPE PROFILE Shoulder 

MICROTOPOGRAPHY Even 

DESCRIBED BY PJT 

ASPECT 180
0 

South 

SLOPE CONTOUR Nose 

DATE 20/2/74 

REGOLITH: DEBRIS MANTLE Coarse colluvium, sandstone, stones and gravels 

BEDROCK Fractured, indurated sandstone 

VEGETATION Grassland 

SOIL PROFILE SYSTEM 

TEXTURE PROFILE FORM 

SKELETAL: Gradational positive (slightly to moderately skeletal) 

FINE EARTH: Gradational positive (silt loam to clay loam) 

STRUCTURE PROFILE FORM Bipedal (granular on blocky) 

REDOX PROFILE FORM Oxidised Aeric 

SOIL HORIZON SEQUENCE/THICKNESS 

-Horizon Ahl 

Thickness (cm) 10 

DEPTH OF SOLUM 60 cm 

SOIL SAMPLES 

Sample Code 

Depth Increment 
(cm) 

Ah2 

10 

1.1 1.2 

0-10 10-20 

Bwl R 

40 10+ 

1.3 1.4 

20-40 40-60 
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SOIL PROFILE DESCRIPTION 

1 2 3 4 5 G 
: -. 

: 
SOIL HORIZON 
SYMBOLS Ahl Ah2 Bwl R : 

HORIZON 

DEPTH (cm) 0-10 10-20 20-60 NA 

'IHICKNESS (cm) 10 10 40 10+ 

DISTINCTNESS 4 2 1 NA 

SHAPE 2 1 3 NA 

COLOUR (moist) 

HUE 8 8 9 7 7 

VALUE 3 3 5 3 5 

CHROMA 3 3 4 2 4 

COLOUR GROUP 1 1 9 1 10 

MOTTLING 

ABUNDANCE 0 0 0 0 

SIZE 

CONTRAST 

TEXTURE: SKELETAL , 

VOLUME/SIZE 1 1 2/6 NA 

WEATHERING 2 2 3 2/3 

SHAPE 41 41 41 NA 

LITHOLOGY 1 1 1 1 ! 
I 

TEXTURE: FINE EARTH 4 4 5 NA I 
--1 

i 
CONSISTENCE (moist) 3 3 4 NA i 

-, 

STRUCTURE I 

GRADE 5 5 4 NA 

SIZE 3 3/2 2 NA 

TYPE 5 5/4 3 NA 

ROOTS 

ABUNDANCE I 4 3 1 0 ! 

SIZE 2 2 2 NA 
-

NOTES I 

NA - not applicable 
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DESCRIPTION CARD SOIL PROFILE CLASS NO. 3.2.4 

GENERAL INFORMATION 

LOCATION COOPERS CREEK RESEARCH AREA 

GRID REF. S75 556 894 

CODE NO. 2 

SITE DESCRIPTION 

LAND FORM Hillslope 

SLOPE ANGLE 300 

SLOPE PROFILE Backslope 

MICROTOPOGRAPHY Even 

ELEVATION est. 400m 

DESCRIBED BY PJT DATE 25/2/74 

ASPECT 180
0 

South 

SLOPE CONTOUR Nose 

REGOLITH: DEBRIS MANTLE Coarse colluvium, sandstone, stones and gravels 

BEDROCK NA 

VEGETATION Grassland 

SOIL PROFILE SYSTEM 

TEXTURE PROFILE FORM 

SKELETAL: Gradational positive (slightly to moderately skeletal) 

FINE EARTH: Gradational positive (silt loam to clay loam) 

STRUCTURE PROFILE FORM Bipedal (granular on blocky) 

REDOX PROFILE FORM Oxidised Aeric 

SOIL HORIZON SEQUENCE/THICKNESS 

Horizon Ahl 

Thickness (cm) 10 

DEPTH OF SOLUM 90 cm 

SOIL SAMPLES 

Sample Code 

Depth Increment 
(em) 

2.1 

0-10 

Ah2 

10 

2.2 

10-20 

2Bwl 2Bw2 3Cu 

40 30 10+ 

2.3 2.4 2.5 2.6 

20-40 40-60 60-80 80-90 

2.7 

90-100 
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SOIL PROFILE DESCRIPTION 

1 2 3 4 5 G 
i -, 

SOIL HORIZON 
SYMBOLS Ahl Ah2 2Bwl 2Bw2 3Cu 

i 

HORIZON 

DEPTH (em) 0-10 10-20 20-60 60-90 90-100 

'IHICKNESS (em) 10 10 40 30 10+ 

DISTINCTNESS 3 2 4 3 NA 

SHAPE 2 1 2 2 NA 

COLOUR (moist) 

HUE 8 8 9 9 9 9 

VALUE 3 4 5 5 4 5 

CHROMA 2 2 4 4 3 4 

COLOUR GROUP 1 2 9 9 2 9 

MOTTLING 

ABUNDANCE 0 0 0 0 0 

SIZE 

CONTRAST 

TEXTURE: SKELETAL 

VOLUME/SIZE 1/5 2/6 2/6 2 3 

WEATHERING 3 3 3 3 3 

SHAPE 41 41 41 41 41 

I LITHOLOGY 1 1 1/2 1/2 1/2 i 

TEXTURE: FINE EARTH 4 4 5 5 1 I 
~ 

i 
CONSISTENCE (moist) 3 4 4 8 I 3 I 

i 

STRUCTURE I 

GRADE 5 5 4 3 1 

SIZE 2 2 2/3 2 NA 

TYPE 5/6 4 3 3 NA 

ROOTS 

ABUNDANCE I 4 3 1 1 0 . 
SIZE 

2 2 2 2 NA 
.-

NOTES 

NA - not applicable 
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DESCRIPTION CARD SOIL PROFILE CLASS NO. 3.3.4 

GENERAL INFORMATION 

LOCATION COOPERS CREEK RESEARCH AREA 

ELEVATION est. 380m GRID REF. S75 556 893 

CODE NO. 3 DESCRIBED BY PJT DATE 26/2/74 

SITE DESCRIPTION 

LAND FORM Hi11s10pe 

SLOPE ANGLE 300 

SLOPE PROFILE Footslope 

MICROTOPOGRAPHY Even 

ASPECT 1800 South 

SLOPE CONTOUR Nose 

REGOLITH: DEBRIS MANTLE Coarse colluvium, sandstone, stones and gravels 

BEDROCK NA 

VEGETATION Grassland 

SOIL PROFILE SYSTEM 

TEXTURE PROFILE FORM 

SKELETAL: Uniform (moderately skeletal) 

FINE EARTH: Gradational positive (silt loam to clay loam) 

STRUCTURE PROFILE FORM Bipedal (granular on blocky) 

REDOX PROFILE FORM Oxidised Aeric 

SOIL HORIZON SEQUENCE/THICKNESS 

Horizon Ahl 

Thickness (cm) 10 

DEPTH OF SOLUM 50 cm 

SOIL SAMPLES 

Sample Code 

Depth Increment 
(cm) 

3.1 

0-10 

Ah2 

10 

3.2 

10-20 

2Bwl 3Cu 

30 30+ 

3.3 3.4 3.5 

20-40 40-50 50-70 

3.6 

70-80 
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SOIL PROFILE DESCRIPTION 

1 2 3 4 5 G 
i -, 

SOIL HORIZON 
Ahl SYMBOLS Ah2 2Bwl 3Cu 

HORIZON 

DEPTH (cm) 0-10 10-20 20-50 50-80 

THICKNESS (cm) 10 10 30 30+ 

DISTINCTNESS 4 2 2 NA 

SHAPE 2 1 2 NA 

COLOUR (moist) 

HUE 8 8 9 9 

VALUE 4 4 5 4 

CHROMA 3 3 4 4 

COLOUR GROUP 2 2 9 2 

MOTTLING 

ABUNDANCE 0 0 0 0 

SIZE 

CONTRAST 

TEXTURE: SKELETAL 

VOLUME/SIZE 2/6 2/6 2/6 3/7 

WEATHERING 2/3 2/3 2/3 2/3 

SHAPE 41/21 41/21 41/2l 41 

LITHOLOGY 1 1 1/2 1/2 
i 

j 
TEXTURE: FINE EARTH 4 4 5 1 I 

I 
i 

CONSISTENCE (moist) 3 3 4 7 , 

STRUCTURE ! 
GRADE 5 4 3 1 

SIZE 2 3/2 2 NA 

TYPE 5 5/4 3 NA 
I 

ROOTS j 
ABUNDANCE I 4 3 1 0 

SIZE 2 2 2 NA 

--I -
NOTES 

NA - not applicable 
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DESCRIPTION CARD SOIL PROFILE CLASS NO. 3.4.4 

GENERAL INFORMATION 

LOCATION COOPERS CREEK RESEARCH AREA 

ELEVATION est. 430m GRID REF. S75 554 895 

CODE NO. 4 DESCRIBED BY PJT DATE 25/12/74 

SITE DESCRIPTION 

LAND FORM Hillslope 

SLOPE ANGLE 240 

SLOPE PROFILE Headslope 

MICROTOPOGRAPHY Uneven 

ASPECT 180
0 

South 

SLOPE CONTOUR Hollow 

REGOLITH: DEBRIS MANTLE Coarse colluvium, sandstone, stones and gravels 

BEDROCK NA 

VEGETATION Grassland 

SOIL PROFILE SYSTEM 

TEXTURE PROFILE FORM 

SKELETAL: Uniform (very skeletal) 

FINE EARTH: Gradational positive (silt loam to clay loam) 

STRUCTURE PROFILE FORM Bipedal (granular on blocky) 

REDOX PROFILE FORM Oxidised Aeric 

SOIL HORIZON SEQUENCE/THICKNESS 

Horizon Ahl 

Thickness (cm) 20 

DEPTH OF SOLUM 80 cm 

SOIL SAMPLES 

Sample Code 4.1 

Ah/Bwl 

20 

4.2 

2Bw2 2Cu 

40 20 

4.3 4.4 4.5 4.6 

Depth Increment 
(cm) 

0-10 10-20 20-40 40-60 60-80 80-100 
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SOIL PROFILE DESCRIPTION 

1 2 3 4 5 6 
: 

SOIL HORIZON 
Ah1 SYMBOLS Ah/Bw1 2Bw2 2Cu 

HORIZON 

DEPTH (em) 0-20 20-40 40-80 80-100 

THICKNESS (em) 20 20 40 20+ 

DISTINCTNESS 3 3 4 NA 

SHAPE 2 4 3 NA 

COLOUR (moist) 
-

HUE 8 8 9 9 9 

VALUE 4 4 5 5 5 

CHROMA 2 2 4 4 4 

COLOUR GROUP 1 1 9 9 9 

MOTTLING 

ABUNDANCE 0 0 0 0 

SIZE 

CONTRAST 

TEXTURE: SKELETAL 

VOLUME/SIZE 3/7 3/7 3/7 , 3/7 

WEATHERING 3 3 3 3 

SHAPE 31 31 31/21 31/21 

LITHOLOGY 1 1 1 1 \ , 
I 

TEXTURE: FINE EARTH 4 4 5 5 I 
-1 

I 
• CONSISTENCE (moist) 3 3 4 4 i 

I 

STRUCTURE I 
GRADE 5 4 3 2 

SIZE 2 2 2 2 

TYPE 5 5/6 3 NA 

ROOTS 

ABUNDANCE I 4 3 1 0 

SIZE 2 2 2 NA 
--

NOTES 

NA - not applicable 
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DESCRIPTION CARD SOIL PROFILE CLASS NO. 3.4.4 

GENERAL INFORMATION 

LOCATION COOPERS CREEK RESEARCH AREA 

ELEVATION est. 400m GRID REF. S75 554 894 

CODE NO. 5 DESCRIBED BY PJT DATE 25/11/74 

SITE DESCRIPTION 

LAND FORM Hillslope 

SLOPE ANGLE 220 

SLOPE PROFILE Backslope 

ASPECT 180
0 

South 

SLOPE CONTOUR Hollow 

MICROTOPOGRAPHY Even, low banks of surface stones 

REGOLITH: DEBRIS MANTLE Coarse colluvium, sandstone, stones and gravels 

BEDROCK NA 

VEGETATION Grassland 

SOIL PROFILE SYSTEM 

TEXTURE PROFILE FORM 

SKELETAL: Uniform (very skeletal) 

FINE EARTH: Gradational positive (silt loam to clay loam) 

STRUCTURE PROFILE FORM Bipedal (granular on blocky) 

REDOX PROFILE FORM Oxidised Aeric 

SOIL HORIZON SEQUENCE/THICKNESS 

Horizon Ahl 

Thickness (cm) 10 

DEPTH OF SOLUM 80 cm 

SOIL SAMPLES 

Sample Code 5.1 

Ah2 

10 

5.2 

Bwl Bw2 Cu 

20 40 20+ 

5.3 5.4 5.5 5.6 

Depth Increment 
(cm) 

0-10 10-20 20-40 40-60 60-80 80-100 



223. 

SOIL PROFILE DESCRIPTION 

1 2 3 4 5 
: -, 

SOIL HORIZON 
Ahl Ah2 Bwl Bw2 Cu 

SYMBOLS , 

HORIZON 

DEPTH (em) 0~10 10-20 20-40 40-80 80-100 

THICKNESS (em) 10 10 20 40 20+ 

DISTINCTNESS NA 4 4 4 NA 

SHAPE NA 2 2 2 NA 

COLOUR (moist) 

HUE 8 8 9 9 9 

VALUE 4 4 4 5 5 

CHROMA 2 2 3 4 4 

COLOUR GROUP 2 2 2 9 9 

MOTTLING 

ABUNDANCE 0 0 0 0 0 

SIZE 

CONTRAST 

TEXTURE: SKELETAL ! 

VOLUME/SIZE 3/7 3/7 3/7 3/7 3/7 

WEATHERING 3 3 3 3 3 

SHAPE 41/31 41/31 31 31 31 

LITHOLOGY 1 1 1 1 1 , 

TEXTURE: FINE EARTH. 4 4 5 5 5 I 
--1 

I 
CONSISTENCE (moist) 3 3 4 4 4 I 

i 

STRUCTURE I 
GRADE 5 5 4 3 2 

SIZE 2 2 2 2 NA 

TYPE 5 5 4 3 NA 

ROOTS i 
ABUNDANCE 4 3 3 1 0 

SIZE 2 2 I 2 2 NA 
.-

NOTES 

NA - not applicable 
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DESCRIPTION CARD SOIL PROFILE CLASS NO. 5.4.2 

GENERAL INFORMATION 

LOCATION COOPERS CREEK RESEARCH AREA 

ELEVATION est. 380m GRID REF. S75 554 893 

CODE NO. 6 DESCRIBED BY PJT DATE 21/11/74 

SITE DESCRIPTION 

LAND FORM Hillslope 

SLOPE ANGLE 140 

SLOPE PROFILE Footslope 

MICROTOPOGRAPHY Even 

ASPECT 1800 South 

SLOPE CONTOUR Hollow 

REGOLITH: DEBRIS MANTLE Coarse colluvium, sandstone and siltstone stones 
and gravels 

BEDROCK NA 

VEGETATION Grassland with rushes 

SOIL PROFILE SYSTEM 

TEXTURE PROFILE FORM 

SKELETAL: Uniform (very skeletal) 

FINE EARTH: Uniform (silt loam) 

STRUCTURE PROFILE FORM Epipedal (granular on massive) 

REDOX PROFILE FORM Hypoparaquic 

SOIL HORIZON SEQUENCE/THICKNESS 

Horizon Ahl 

Thickness (cm) 10 

DEPTH OF SOLUM 40 cm 

SOIL SAMPLES 

Sample Code 6.1 

Ah2 

10 

6.2 

Ah/Bgl 2Cgl 

20 40 

6.3 6.4 6.5 

2Cg2 

20+ 

Depth Increment 
(cm) 

0-10 10-20 20-40 40-60 60-80 

6.6 

80-100 
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SOIL PROFILE DESCRIPTION 

1 2 3 4 . 5 G 
i --, 

SOIL HORIZON 
SYMBOLS Ahl Ah2 Ah/Bgl 2Cgl 2Cg2 

HORIZON 

DEPTH (cm) 0-10 10-20 20-40 40-80 80-100 

THICKNESS (cm) 10 10 20 40 20+ 

DISTINCTNESS NA 4 3 3 NA 

SHAPE NA 3 2 3 NA 

COLOUR (moist) 

HUE 8 8 8 9 14 8 10 

VALUE 4 4 4 4 4 5 4 

CHROMA 2 2 2 4 1 6 4 

COLOUR GROUP 2 2 2 6 NA 9 2 

MOTTLING 

ABUNDANCE 0 0 0 2 0 

SIZE NA NA NA 1/2 NA 

CONTRAST NA NA NA 2 NA 

TEXTURE: SKELETAL 

VOLUME/SIZE 3/7 3/7 3/7 3/7 3/7 

WEATHERING 2/3 2/3 3 3/4 3/4 

SHAPE 41/31 41/31 31 31 31 

LITHOLOGY 1 1 1/2 1/2 1/2 i , 

TEXTURE: FINE EARTH 4 4 5 5 5 I 
! 
I 

CONSISTENCE (moist) 3 3 4 4 4 i 

STRUCTURE 

-' GRADE 4 4 3 2 2 ! 
SIZE 2 2 2 NA NA 

TYPE 5/4 5 3 NA NA 

ROOTS 

ABUNDANCE I 4 3 1 0 0 

SIZE 2 2 2 NA NA 
-

NOTES 

NA - not applicable 
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DESCRIPTION CARD SOIL PROFILE CLASS NO. 1.4.2 

GENERAL INFORMATION 

LOCATION COOPERS CREEK RESEARCH AREA 

GRID REF. S75 554 895 

CODE NO. 7 

ELEVATION est. 430m 

SITE DESCRIPTION 

LAND FORM Hillslope 

SLOPE ANGLE 240 

SLOPE PROFILE Shoulder 

MICROTOPOGRAPHY Even 

DESCRIBED BY PJT 

ASPECT 160
0 

South 

SLOPE CONTOUR Nose 

DATE 27/2/74 

REGOLITH: DEBRIS MANTLE Coarse colluvium, sandstone, stones and gravels 

BEDROCK Fracture, indurated sandstone 

VEGETATION Grassland 

SOIL PROFILE SYSTEM 

TEXTURE PROFILE FORM 

SKELETAL: Gradational positive (moderately to very skeletal) 

FINE EARTH: Uniform (silt loam) 

STRUCTURE PROFILE FORM Epipedal (granular) 

REDOX PROFILE FORM Oxidised Aerie 

SOIL HORIZON SEQUENCE/THICKNESS 

Horizon Ahl 

Thickness (em) 10 

DEPTH OF SOLUM 20 em 

SOIL SAMPLES 

Sample Code 

Depth Incr~ment 
(em) 

7.1 

0-10 

Ah/R 

10 

7.2 

10-20 

R 

10+ 

7.3 

20-30 



227. 

SOIL PROFILE DESCRIPTION 

1 2 3 4 5 G 
: -, 

SOIL HORIZON 
Ahl Ah/R R SYMBOLS 

HORIZON 

DEPTH (em) 0-10 10-20 20+ 

'IHICKNESS (em) 10 10 10+ 

DISTINCTNESS 3 2 NA 

SHAPE 3 3 NA 

COLOUR (moist) 

HUE 8 8 8 8 

VALUE 4 3 4 5 

CHROMA 2 2 1 6 

COLOUR GROUP 2 1 1 9 

MOTTLING 

ABUNDANCE 0 0 0 

SIZE 

CONTRAST 

TEXTURE: SKELETAL 

VOLUME/SIZE 2/6 3/7 NA 

WEATHERING 2/3 2/3 2/3 

SHAPE 41 41 NA 

LITHOLOGY 1/2 1/2 1/2 , 

TEXTURE: FINE EARTH 4 4 NA j 
i 

CONSISTENCE (moist) 3 3 NA 
, 
i , 

STRUCTURE J 
GRADE 4 3 NA ! 

SIZE 2 2 NA 

TYPE 5 5/4 NA 
I 

ROOTS 1 
ABUNDANCE I 4 1 1 , 

SIZE 2 2 2 
--

NOTES 

NA - not applicable 
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DESCRIPTION CARD SOIL PROFILE CLASS NO. 3.2.4 

GENERAL INFORMATION 

LOCATION COOPERS CREEK RESEARCH AREA 

ELEVATION est. 400m GRID REF. S75 554 894 

CODE NO. 8 DESCRIBED BY PJT DATE 27/2/74 

SITE DESCRIPTION 

LANDFORM Hillslope 

SLOPE ANGLE 24
0 

SLOPE PROFILE Backslope 

MICROTOPOGRAPHY Even 

ASPECT 170
0 

South 

SLOPE CONTOUR Nose 

REGOLITH: DEBRIS MANTLE Coarse colluvium, sandstone, stones and gravels 

BEDROCK Fractured, indurated, sandstone and siltstone 

VEGETATION Grassland 

SOIL PROFILE SYSTEM 

TEXTURE PROFILE FORM 

SKELETAL: Gradational positive (slightly to very skeletal) 

FINE EARTH: Gradational positive (silt loam to clay loam) 

STRUCTURE PROFILE FORM Bipedal (granular on blocky) 

REDOX PROFILE FORM Oxidised Aeric 

SOIL HORIZON SEQUENCE/THICKNESS 

Horizon Ahl 

Thickness (cm) 10 

DEPTH OF SOLUM 75 cm 

SOIL SAMPLES 

Sample Code 

Depth Increment 
(cm) 

8.1 

0-10 

Ah2 

10 

8.2 

10-20 

Bwl 2BCu 2Cu 3R 

40 15 15 10+ 

8.3 8.4 8.5 8.6 

20-40 40-60 60-75 75-90 
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SOIL PROFILE DESCRIPTION 

1 2 3 4 5 G 
: -, 

SOIL HORIZON 
2BCu 2Cu 3R SYMBOLS Ahl Ah2 Bwl 

1 HORIZON 

DEPTH (cm) 0-10 10-20 20-60 60-75 75-90 NA 
THICKNESS (cm) 10 10 40 15 15 10+ 
DISTINCTNESS 4 2 3 2 1 NA 
SHAPE 2 2 2 3 2 NA 

COLOUR (moist) 

HUE 8 8 9 9 9 9 9 N~ 

VALUE 4 4 5 5 4 4 4 NR 
CH~OMA 2 2 4 4 3 3 4 NR 

COLOUR GROUP 2 2 9 9 2 2 2 NR 

MOTTLING 

ABUNDANCE 0 0 0 0 0 0 
SIZE 

CONTRAST 

TEXTURE: SKELETAL 

VOLUME/SIZE 1/5 1/5 2/6 3 2 NA 
WEATHERING 2/3 2/3 2/3 3 3/4 3 
SHAPE 41/21 41/21 41/21 41 41 NA 
LITHOLOGY 1 1 1 2 2 1/2 I 

TEXTURE: FINE EARTH 4 4 3 3 3 NA I 
i 

CONSISTENCE (moist) 3 3 4 4 5 NA : 
-, 

STRUCTURE I 

GRADE 5 4 3 2/3 2 NA 

SIZE 2 2 2/3 2/3 NA NA 

TYPE 5 5/4 3 3 NA NA 

ROOTS 

ABUNDANCE 
, 

4 3 1 0 0 0 

SIZE 2 2 2 NA NA NA 
.-

NOTES 

NA - not applicable NR - not recorded 



230. 

DESCRIPTION CARD SOIL PROFILE CLASS NO. 3.2.4 

GENERAL INFORMATION 

LOCATION COOPERS CREEK RESEARCH AREA 

ELEVATION est. 380m GRID REF. S75 554 893 

CODE NO. 9 DESCRIBED BY PJT DATE 28/2/74 

SITE DESCRIPTION 

LAND FORM Hillslope 

SLOPE ANGLE 24
0 

SLOPE PROFILE Footslope 

MICROTOPOGRAPHY Even 

ASPECT 175
0 

South 

SLOPE CONTOUR Nose 

REGOLITH: DEBRIS MANTLE Coarse colluvium, sandstone, stones and gravels 

BEDROCK NA 

VEGETATION Grassland 

SOIL PROFILE SYSTEM 

TEXTURE PROFILE FORM 

SKELETAL: Gradational positive (slightly to moderately skeletal) 

FINE EARTH: Gradational positive (silt loam to clay loam) 

STRUCTURE PROFILE FORM Bipedal (granular on blocky) 

REDOX PROFILE FORM Oxidised Aeric 

SOIL HORIZON SEQUENCE/THIC}:NESS 

Horizon Ahl 

Thickness (cm) 10 

DEPTH OF SOLUM 70 cm 

SOIL SAMPLES 

Sample Code 

Depth Increment 
(cm) 

9.1 

0-10 

Ah/Bwl 

10 

9.2 

10-20 

2Bw2 2BCu 3Cu 

40 10 20+ 

9.3 9.4 9.5 9.6 

20-40 40-60 60-70 70-90 



231. 

SOIL PROFILE DESCRIPTION 

1 2 3 4 5 6 
I -, 

SOIL HORIZON 
SYMBOLS Ahl Ah/Bwl 2Bw2 2BCu 3Cu 

HORIZON 

DEPTH (em) 0-10 10-20 20-60 60-70 70-90 

THICKNESS (em) 10 10 40 10 20+ 

DISTINCTNESS 4 2 3 2 NA 

SHAPE 2 2 2 2 NA 

COLOUR (moist) 

HUE 8 8 8 9 9 9 9 

VALUE 4 4 5 5 5 4 4 
CHROMA 2 2 4 4 4 3 3 

COLOUR GROUP 2 2 2 2 2 2 2 

MOTTLING 

ABUNDANCE 0 0 0 0 0 

SIZE 

CONTRAST 

TEXTURE: SKELETAL 

VOLUME/SIZE 1/5 1/5 2/6 2/6 3 

WEATHERING 3 3 3/2 3/2 3 

SHAPE 31 31/41 41/31 41 41 

LITHOLOGY 1 1/2 1/2 1/2 I 1 , 
I 

TEXTURE: FINE EARTH 4 4 5 5 5 I 
J 
i 

CONSISTENCE (moist) 3 3 4 4 1/8 I 
i 

i 
STRUCTURE I 

GRADE 4 4 3 2 2 I 

SIZE 2/3 2/3 2 NA NA 

TYPE 5 5/4 3 NA NA 

ROOTS ~ ABUNDANCE I 
4 3 1 0 0 

SIZE 2 2 2 NA NA 
-

NOTES 

NA - not applicable 



232. 

DESCRIPTION CARD SOIL PROFILE CLASS NO. 3.4.4 

GENERAL INFORMATION 

LOCATION COOPERS CREEK RESEARCH AREA 

ELEVATION est. 430m GRID REF. S75 553 894 

CODE NO. 10 DESCRIBED BY PJT DATE 28/11/74 

SITE DESCRIPTION 

LAND FORM Hillslope 

SLOPE ANGLE 22
0 

ASPECT 170
0 

South 

MICROTOPOGRAPHY Pits and mounds, surface pockets of gravels. 

REGOLITH: DEBRIS MANTLE: Coarse colluvium, sandstone, stones. 

BEDROCK: NA 

VEGETATION Grassland 

SOIL PROFILE SYSTEM 

TEXTURE PROFILE FORM 

SKELETAL: Duplex positive (moderately on very skeletal) 

FINE EARTH: Gradational positive (silt loam to clay loam) 

STRUCTURE PROFILE FORM Bipedal (granular on blocky) 

REDOX PROFILE FORM Oxidised Aerie 

SOIL HORIZON SEQUENCE/THICKNESS 

Horizon Ahl 2Bwl 2Bw2 2Cu 

Thickness (ern) 20 20 40 20+ 

DEPTH OF SOLUM 80 em 

SOIL SAMPLES 

Sample Code 10.1 10.2 10.3 10.4 10.5 10.6 

Depth Increment 
(em) 

0-10 10-20 20-40 40-60 60-80 80-100 



233. 

SOIL PROFILE DESCRIPTION 

1 2 3 4 5 6 
: 

SOIL HORIZON 
SYMBOLS Ahl 2Bwl 2Bw2 2Cu 

HORIZON 

DEPTH (cm) 0-20 20-40 40-80 80-100 

THICKNESS (cm) 20 20 40 20+ 

DISTINCTNESS 2 2 4 NA 

SHAPE 2 2 3 NA 

COLOUR (moist) 

HUE 8 9 8 9 9 

VALUE 4 5 4 5 5 

CHROMA 2 4 2 4 4 

COLOUR GROUP 2 9 2 9 9 

MOTTLING 

ABUNDANCE a a a a 
SIZE 

CONTRAST 

TEXTURE: SKELETAL 

VOLUME/SIZE 6 7 7 7 

WEATHERING 3 3 3 3 

SHAPE 31 31 31 31 

LITHOLOGY 1 1 1 1/2 ! , 
1 

TEXTURE: FINE EARTH 4 5 5 
-

5 I 
; 

CONSISTENCE (moist) 3 4 4 4 
1 

i STRUCTURE i 
GRADE 5 3 3 2 i 
SIZE 2/3 2 2 NA 

TYPE 5/4 3 3 NA I 
I 

ROOTS I 
~ ABUNDANCE I 4 3 1 a 

SIZE 2 2 2 NA 
-

NOTES 

NA - not applicable 



234. 

DESCRIPTION CARD SOIL PROFILE CLASS NO. 3.4.4 

GENERAL INFORMATION 

LOCATION COOPERS CREEK RESEARCH AREA 

ELEVATION est. 400m GRID REF. S75 553 893 

CODE NO. 11 DESCRIBED BY PJT DATE 17/12/74 

SITE DESCRIPTION 

LAND FORM Hillslope 

SLOPE ANGLE 12
0 

SLOPE PROFILE Backslope 

ASPECT 160
0 

South 

SLOPE CONTOUR Hollow 

MICROTOPOGRAPHY Uneven, low banks of surface stones. 

REGOLITH: DEBRIS MANTLE Coarse colluvium, sandstone, stones and gravels 

BEDROCK NA 

VEGETATION Grassland 

SOIL PROFILE SYSTEM 

TEXTURE PROFILE FORM 

SKELETAL: Duplex positive (moderately skeletal on stones) 

FINE EARTH: Gradational positive (silt loam to clay loam) 

STRUCTURE PROFILE FORM Epipedal (granular on single grained) 

REDOX PROFILE FORM Oxidised Aeric 

SOIL HORIZON SEQUENCE/"I'HICKNESS 

Horizon Ahl 

Thickness (cm) 20 

DEPTH OF SOLUM 70 cm 

SOIL SAMPLES 

Sample Code 

Depth Increment 
(cm) 

11.1 

0-10 

Ah/Bwl 

10 

11.2 

10-20 

2BCu 2Cu 

40 20+ 

11.3 11.4 11.5 11.6 

20-30 30-50 50-70 70-90 



235. 

SOIL PROFILE DESCRIPTION 

1 2 3 4 5 G 
I --, 

SOIL HORIZON 
SYMBOLS Ahl Ah/Bwl 2BCu 2Cu , 

HORIZON 

DEPTH (cm) 0-20 20-30 30-70 70-90 

THICKNESS (cm) 20 10 40 20+ 

DISTINCTNESS 2 2 4 NA 

SHAPE 2 2 3 NA 

COLOUR (moist) 

HUE 8 9 8 8 8 

VALUE 4 5 4 5 5 

CHROMA 2 4 2 4 4 

COLOUR GROUP 2 9 2 2 2 

MOTTLING 

ABUNDANCE 0 0 0 0 

SIZE 

CONTRAST 

TEXTURE: SKELETAL 

VOLUME/SIZE 2/6 2/6 8 8/7 

WEATHERING 3 3 2/3 2/3 

SHAPE 31/21 31/21 41/31 41/31 

LITHOLOGY 1 1 1 1 ! , 

TEXTURE: FINE EARTH 4 4 5 5 I 
--1 

i 
CONSISTENCE (moist) 3 3 1 1 I 

STRUCTURE 

GRADE 5 5 1/2 1 

SIZE 2 2 2 NA 

TYPE 5/6 5/4 3 NA 
I 

ROOTS 

ABUNDANCE I 
4 3 1 0 1 

SIZE 2 2 2 NA 
.. -

NOTES 

NA - not applicable 



236. 

DESCRIPTION CARD SOIL PROFILE CLASS NO. 3.4.4 

GENERAL INFORMATION 

LOCATION COOPERS CREEK RESEARCH AREA 

ELEVATION est. 380m GRID REF. S75 553 892 

CODE NO. 12 DESCRIBED BY PJT DATE 17/12/74 

SITE DESCRIPTION 

LAND FORM Hillslope 

SLOPE ANGLE 20
0 

SLOPE PROFILE Foots lope 

MICROTOPOGRAPHY Even 

ASPECT 1400 South 

SLOPE CONTOUR Hollow 

REGOLITH: DEBRIS MANTLE Coarse colluvium, sandstone, stones and gravels 

BEDROCK NA 

VEGETATION Grassland 

SOIL PROFILE SYSTEM 

TEXTURE PROFILE FORM 

SKELETAL: Uniform (very skeletal) 

FINE EARTH: Gradational positive (silt loam to clay loam) 

STRUCTURE PROFILE FORM Bipedal (granular on blocky) 

REDOX PROFILE FORM Oxidised Aerie 

SOIL HORIZON/THICKNESS 

Horizon Ahl 

Thickness (em) 20 

DEPTH OF SOLUM 60 em 

SOIL SAMPLES 

Sample Code 12.1 

Ah/Bwl 

20 

12.2 

Bw2 Cu 

20 40+ 

12.3 12.4 12.5 12.6 

Depth Increment 
(em) 

0-10 10-20 20-40 40-60 60-80 80-100 



237. 

SOIL PROFILE DESCRIPTION 

1 2 3 4 5 6 
: 

SOIL HORIZON 
SYMBOLS Ahl Ah/Bwl Bw2 Cu 

HORIZON 

DEPTH (cm) 0-20 20-40 40-60 60-100 

THICKNESS (cm) 20 20 20 40+ 

DISTINCTNESS 2 2 4 NA 

SHAPE 2 3 3 NA 

COLOUR (moist) 

HUE 8 8 9 9 9 

VALUE 4 4 4 5 5 

CHROMA 2 2 3 3 3 

COLOUR GROUP 2 2 2 2 2 

MOTTLING 

ABUNDANCE 0 0 0 0 

SIZE 

CONTRAST 

TEXTURE: SKELETAL 

VOLUME/SIZE 7 3/7 3/7 3/7 

WEATHERING 3 3 3 3 ! 

SHAPE 31/21 31 41/31 41/31 ! 
LITHOLOGY 1 1 1/2 1/2 ! , 

i 
TEXTURE: FINE EARTH 4 4 5 5 I 

.i i , i 
CONSISTENCE (moist) 3 4 4/7 4/7 i 

-: 

STRUCTURE : 
GRADE 5 5 3 2 ! 
SIZE 2 2 2 NA 

TYPE 5/6 5/4 3 NA 

ROOTS 

ABUNDANCE i 
4 1 0 0 

~ SIZE 2 2 NA NA, .J 
I 

NOTES 

NA - not applicable 



238. 

DESCRIPTION CARD SOIL PROFILE CLASS NO. 3.3.4 

GENERAL INFORMATION 

LOCATION COOPERS CREEK RESEARCH AREA 

GRID REF. S75 555 895 

CODE NO. 13 

ELEVATION est. 440m 

SITE DESCRIPTION 

LAND FORM Hillslope 

SLOPE ANGLE 280 

SLOPE PROFILE Shoulder 

MICROTOPOGRAPHY Even 

DESCRIBED BY PJT 

ASPECT 323
0 

North 

SLOPE CONTOUR Nose 

DATE 29/3/74 

REGOLITH: DEBRIS MANTLE Coarse colluvium, sandstone, stones and gravels 

BEDROCK Fractured, indurated sandstones 

VEGETATION Grassland 

SOIL PROFILE SYSTEM 

TEXTURE PROFILE FORM 

SKELETAL: Uniform (moderately skeletal) 

FINE EARTH: Gradational positive (silt loam to clay loam) 

STRUCTURE PROFILE FORM Bipedal (granular on blocky) 

REDOX PROFILE FORM Oxidised Aeric 

SOIL HORIZON SEQUENCE/THICKNESS 

Horizon Ahl 

Thickness (cm) 10 

DEPTH OF SOLUM 60 cm 

SOIL SAMPLES 

Sample Code 

Depth Increment 
(cm) 

13.1 

0-10 

Ah/Bwl 

10 

13.2 

10-20 

Bw2 R 

40 10+ 

13.3 13.4 

20-40 40-60 



239. 

SOIL PROFILE DESCRIPTION 

1 2 3 4 . 5 6 
i 

SOIL HORIZON 
SYMBOLS Ahl Ah/Bwl Bw2 R 

HORIZON 

DEPTH (em) 0-10 10-20 20-60 NA 

THICKNESS (em) 10 10 40 10+ 

DISTINCTNESS 4 3 2 NA 

SHAPE 2 2 3 NA 

COLOUR (moist) 

HUE 9 9 9 9 9 8 

VALUE 4 4 5 5 5 3 

CHROMA 2 2 4 4 4 4 

COLOUR GROUP 2 2 9 9 9 2 

MOTTLING 

ABUNDANCE 0 0 0 0 

SIZE , 

CONTRAST 

TEXTURE: SKELETAL 

VOLUME/SIZE 2/6 2/6 2/6 NA 

WEATHERING 3/4 3/4 3/4 3/4 

SHAPE 41/31 41/31 41 41 

LITHOLOGY 1 1 1 1 ! 
I 

j 
TEXTURE: FINE EARTH 4 4 5 NA J 

i 

CONSISTENCE (moist) 3 3 
, 

4 NA , 

STRUCTURE I 

GRADE 5 5 3 NA 

SIZE 2/3 2/3 2 NA 

TYPE 5/4 4 3 NA I 

ROOTS I 
ABUNDANCE I 

4 3 1 0 ! 

SIZE 2 2 2 NA 
-

NOTES 

NA - not applicable 



240. 

DESCRIPTION CARD SOIL PROFILE CLASS NO. 3.3.4 

GENERAL INFORMATION 

LOCATION COOPERS CREEK RESEARCH AREA 

GRID REF. S75 555 896 

CODE NO. 14 

ELEVATION est. 420m 

SITE DESCRIPTION 

LAND FORM Hillslope 

SLOPE ANGLE 240 

SLOPE PROFILE Backs lope 

DESCRIBED BY PJT 

ASPECT 320
0 

North 

SLOPE CONTOUR Nose 

MICROTOPOGRAPHY Uneven with bedrock outcrops 

DATE 30/3/74 

REGOLITH: DEBRIS MANTLE Coarse colluvium, sandstone stones and gravels 

BEDROCK Fractured, indurated sandstone 

VEGETATION Grassland 

SOIL PROFILE SYSTEM 

TEXTURE PROFILE FORM 

SKELETAL: Uniform (moderately skeletal) 

FINE EARTH: Gradational positive (silt loam to clay loam) 

STRUCTURE PROFILE FORM Bipedal (granular on blocky) 

REDOX PROFILE FORM Oxidised Aeric 

SOIL HORIZON SEQUENCE/THICKNESS 

Horizon Ahl 

Thickness (cm) 20 

DEPTH OF SOLUM 50 cm 

SOIL SAMPLES 

SampJ e Code 

Depth Increment 
(cm) 

14.1 

0-10 

Ah/Bwl 

10 

14.2 

10-20 

Bw2 R 

20 10+ 

14.3 14.4 

20-30 30-50 



241. 

SOIL PROFILE DESCRIPTION 

1 2 3 4 5 G 
: -, 

SOIL HORIZON 
SYMBOLS Ah Ah/Bwl Bw2 R , 

HORIZON 

DEPTH (cm) 0-20 20-30 30-50 NA 

THICKNESS (cm) 20 10 20 10+ 

DISTINCTNESS 3 3 2 NA 

SHAPE 2 2 3 NA 

COLOUR (moist) 

HUE 9 9 9 9 9 8 

VALUE 4 4 4 5 5 3 

CHROMA 3 3 4 4 4 3 

COLOUR GROUP 2 2 2 9 9 1 

MOTTLING 

ABUNDANCE 0 0 0 0 

SIZE 

CONTRAST 

TEXTURE: SKELETAL 

VOLUME/SIZE 2/6 2/6 2/6 NA 

WEATHERING 2/3 2/3 2/3 2/3 

SHAPE 31/41 31/41 31/41 
) 

31/41 

LITHOLOGY 1 1 1 1 I , 

TEXTURE: FINE EARTH 4 5 5 NA I 
~ 

CONSISTENCE (moist) 3 3 4 NA : 
I 

STRUCTURE 

GRADE 5 5 3 NA 

SIZE 2/3 3 2/3 NA 

TYPE 5/4 4 3 NA I 

ROOTS 

ABUNDANCE I 4 3 1 0 : 

SIZE 2 2 I 2 NA 
.-

NOTES I 

NA - not applicable 



242. 

DESCRIPTION CARD SOIL PROFILE CLASS NO. 3.2.4 

GENERAL INFORMATION 

LOCATION COOPERS CREEK RESEARCH AREA 

GRID REF. S75 554 896 

CODE NO. 15 

ELEVATION est. 410m 

DESCRIBED BY PJT DATE 4/3/74 

SITE DESCRIPTION 

LAND FORM Hillslope 

SLOPE ANGLE 200 

SLOPE PROFILE Footslope 

ASPECT 3220 North 

SLOPE CONTOUR Nose 

MICROTOPOGRAPHY Uneven with bedrock outcrops 

REGOLITH: DEBRIS MANTLE Coarse colluvium, sandstone stones and gravels 

BEDROCK Fractured, indurated sandstone 

VEGETATION Grassland 

SOIL PROFILE SYSTEM 

TEXTURE PROFILE FORM 

SKELETAL: Variable (slightly to very skeletal) 

FINE EARTH: Uniform (clay loam) 

STRUCTURE PROFILE FORM Isopedal (nut or blocky) 

REDOX PROFILE FORM Oxidised Aerie 

SOIL HORIZOlJ SEQUENCE/THICKNESS 

Horizon Ahl 

Thickness (em) 20 

DEPTH OF SOLUM 70 em 

SOIL SAMPLES 

Sample Code 

Depth Increment 
(em) 

15.1 

0-10 

Ah/BW 

10 

15.2 

10-20 

2Bw2 3BCu 

20 20 

15.3 15.4 

20-30 30-50 

4R 

10+ 

15.5 

50-70 



243. 

SOIL PROFILE DESCRIPTION 

1 2 3 4 5 6 
I -, 

SOIL HORIZON 
SYMBOLS Ah1 Ah/Bw1 2Bw2 3BCu 4R 

HORIZON 

DEPTH (em) 0-20 20-30 30-50 50-70 NA 

THICKNESS (em) 20 20 20 20 10+ 

DISTINCTNESS 3 3 2 2 NA 

SHAPE 2 2 2 3 NA 

COLOUR (moist) 

HUE 9 9 9 9 9 8 8 

VALUE 4 4 4 5 4 3 5 

CHROMA 2 2 4 4 4 4 1 

COLOUR GROUP 2 2 2 9 2 2 1 

MOTTLING 

ABUNDANCE 0 0 0 0 0 

SIZE 

CONTRAST 

TEXTURE: SKELETAL 

VOLUME/SIZE 2/6 2/6 1 3 NA 

WEATHERING 2/3 2/3 2 3/4 3 

SHAPE 21/31 31/41 41/31 41/31 NA 

LITHOLOGY 1 1 1/2 2 2 , 
I 
I 

TEXTURE: FINE EARTH 5 5 5 5 5 I 
I .. ---J 

CONSISTENCE (moist) 4 4 4 4 
! 

NA I 
I 

STRUCTURE i 
I GRADE 5 5 3 2 NA 

SIZE 3 2 2 NA NA 

TYPE 4/5 4/5 3 NA NA 

ROOTS 

ABUNDANCE I 
4 3 1 1 0 

SIZE 2 2 2 2 NA 
-~I' -

NOTES 

NA - not applicable 



244. 

DESCRIPTION CARD SOIL PROFILE CLASS NO. 3.3.4 

GENERAL INFORMATION 

LOCATION COOPERS CREEK RESEARCH AREA 

ELEVATION est. 440m GRID REF. S75 556 896 

CODE NO. 16 DESCRIBED BY PJT DATE 22/5/74 

SITE DESCRIPTION 

LAND FORM Hillslope 

SLOPE ANGLE 250 

SLOPE PROFILE Headslope 

ASPECT 3200 North 

SLOPE CONTOUR Hollow 

MICROTOPOGRAPHY Uneven, scattered accumulations of surface stones 

REGOLITH: DEBRIS MANTLE C¢arse colluvium, sandstone stones and gravels 

BEDROCK Fractured indurated sandstone 

VEGETATION Grassland 

SOIL PROFILE SYSTEM 

TEXTURE PROFILE FORM 

SKELETAL: Uniform (moderately skeletal) 

FINE EARTH: Gradational positive (silt loam to clay loam) 

STRUCTURE PROFILE FORM Bipedal (granular on blocky) 

REDOX PROFILE FORM Oxidised Aeric 

SOIL HORIZON SEQUENCE/THICKNESS 

Horizon Ahl 

Thickness (cm) 20 

DEPTH OF SOLUM 60 cm 

SOIL SAMPLES 

Sample Code 

Depth Increment 
(cm) 

16.1 

0-10 

Ah/Bwl 

20 

16.2 

10-20 

2Bw2 2Cu 3R 

20 20 10+ 

16.3 16.4 16.5 

20-40 40-60 60-80 



245. 

SOIL PROFILE DESCRIPTION 

1 2 3 4 5 6 
i -, 

SOIL HORIZON 
Ahl Ah/Bwl 2Bw2 2Cu 3R , SYMBOLS 

HORIZON 

DEPTH ( cm) 0-20 20.,..40 40-60 60-80 NA 
THICKNESS (cm) 20 20 20 20 10+ 
DISTINCTNESS 4 3 3 2 NA 
SHAPE 2 2 2 3 NA 

COLOUR (moist) 

HUE 9 9 9 9 9 NR 

VALUE 4 4 5 6 6 NR 

CHROMA 2 2 3 4 4 NR 
--

COLOUR GROUP 2 2 2 8 8 NR 

MOTTLING 

ABUNDANCE 0 0 Q 0 NA 

SIZE 

CONTRAST 

TEXTURE: SKELETAL 

VOLUME/SIZE 2/6 2/6 2/6 11 NA 
WEATHERING 2/3 3/4 3/4 2/4 2/4 I 
SHAPE 41/21 41/21 3,1/21 21/31 NA I 
LITHOLOGY 1 1 1 ! 1 1 , 

TEXTURE: FINE EARTH 4 4 5 5 NA I 
i 

CONSISTENCE (moist) 3 4 4 4 NA ! 

STRUCTURE I 

GRADE 5 5 3 2 NA 

SIZE 2 2 2 NA NA 

TYPE 5 5/4 3 NA NA 

ROOTS 

ABUNDANCE I 
1 0 0 ; 4 1 

S,IZE 2 2 I 2 NA NA 
--

NOTES I 

NA - not applicable NR - not recorded 



246. 

DESCRIPTION CARD SOIL PROFILE CLASS NO. 3.4.4 

GENERAL INFORMATION 

LOCATION COOPERS CREEK RESEARCH AREA 

ELEVATION est. 420m GRID REF. S75 556 896 

CODE NO. 17 DESCRIBED BY PJT DATE 17/11/74 

SITE DESCRIPTION 

LAND FORM Hillslope 

SLOPE ANGLE 230 

SLOPE PROFILE Backslope 

ASPECT 3200 North 

SLOPE CONTOUR Hollow 

MICROTOPOGRAPHY Uneven, low banks of surface stones 

REGOLITH: DEBRIS MANTLE Coarse colluvium, sandstone stones and gravels 

BEDROCK NA 

VEGETATION Grassland 

SOIL PROFILE SYSTEM 

TEXTURE PROFILE FORM 

SKELETAL: Uniform (very skeletal) 

FINE EARTH: Gradational positive (silt loam to clay loam) 

STRUCTURE PROFILE FORM Bipedal (granular on blocky) 

REDOX PROFILE FORM Oxidised Aeric 
, 

SOIL HORIZON SEQUENCE/THICKNESS 

Horizon Ahl 

Thickness (cm) 20 

DEPTH OF SOLUM 70 cm 

SOIL SAMPLES 

Sample Code 17 .1 

Ah/Bwl 

10 

17.2 

2Bw2 2Cu 

40 20+ 

17.3 17.4 17.5 17 .6 

Depth Increment 
(cm) 

0-10 10-20 20-30 30-50 50-70 70-90 



247. 

SOIL PROFILE DESCRIPTION 

1 2 3 4 5 G 
i -, 

SOIL HORIZON Ah1 Ah/Bwl 2Bw2 2<;:u : SYMBOLS 

HORIZON 

DEPTH (cm) 0-20 20 30 30-70 70-90 
'IHICKNESS (cm) 20 10 40 20+ 
DISTINCTNESS 4 4 4 NA 
SHAPE 2 2 2 NA 

COLOUR (moist) 

HUE 8 8 9 ~ 9 
VALUE 4 4 4 5 5 
CHROMA 

2 2 3 4 4 
COLOUR GROUP 2 2 2 9 9 

MOTTLING 

ABUNDANCE 0 0 0 0 
SIZE 

CONTRAST 

TEXTURE: SKELETAL 

VOLUME/SIZE 3/7 3/7 11 11/3 
WEATHERING 3 3 3 3/4 
SHAPE 31 31 31/21 31/21 
LITHOWGY 1 1 1 1 ! 

j 
TEXTURE: FINE EARTH 4 4 5 5 J 

I 
(moist) 4 I CONSISTENCE 3 3 4 i 

--, 

STRUCTURE I 
GRADE 5 3 3 2 
SIZE 2 2 2 NA 
TYPE 5 4 3 NA I 

1 ROOTS 

~ ABUNDANCE I 

0 4 3 1 
SIZE 

2 4 2 NA I NOTES 

I 
NA - not applicable 



248. 

DESCRIPTION CARD SOIL PROFILE CLASS NO. 3.4.4 

GENERAL INFORMATION 

LOCATION COOPERS CREEK RESEARCH AREA 

ELEVATION est. 410m GRID REF. S75 556 897 

CODE NO. 18 DESCRIBED BY PJT DATE 28/11/74 

SITE DESCRIPTION 

LAND FORM Hillslope 

SLOPE ANGLE 140 

SLOPE PROFILE Footslope 

ASPECT 3200 North 

SLOPE CONTOUR Hollow 

MICROTOPOGRAPHY Uneven, low banks of surface stones 

REGOLITH: DEBRIS MANTLE Coarse colluvium, sandstone stones and gravels 

BEDROCK NA 

VEGETATION Grassland 

SOIL PROFILE SYSTEM 

TEXTURE PROFILE FORM 

SKELETAL: Uniform (very skeletal) 

FINE EARTH: Gradational positive (silt loam to clay loam) 

STRUCTURE PROFILE FORM Bipedal (granular on blocky) 

REDOX PROFILE FORM Oxidised Aeric 

SOIL HORIZON SEQUENCE/THICKNESS 

Horizon Ahl 

Thickness (cm) 20 

DEPTH OF SOLUM 80 cm 

SOl L SAMPLES 

Sample Code 18.1 

Ah/Bwl 

20 

18.2 

2Bw2 2Cu 

40 20+ 

18.3 18.4 18.5 18.6 

Depth Increment 
(cm) 

0-10 10-20 20-40 40-60 60-80 80-100 



249. 

SOIL PROFILE DESCRIPTION 

1 2 3 4 5 6 
I -, 

SOIL HORIZON 
SYMBOLS Ahl Ah/Bwl 2Bw2 2Cu 

HORIZON 

DEPTH (em) 0-20 20-40 40-80 80-100 

'IHICKNESS (em) 20 20 40 20+ 

DISTINCTNESS 4 3 4 NA 

SHAPE 2 2 2 NA 

COLOUR (moist) 

HUE 8 8 9 9 9 

VALUE 4 4 5 5 5 

CHROMA 2 2 4 4 4 

COLOUR GROUP 2 2 9 9 9 

MOTTLING 

ABUNDANCE 0 0 0 0 

SIZE 

CONTRAST 

TEXTURE: SKELETAL 

VOLUME/SIZE 3/7 3/7 3/7 3/7 

WEATHERING 3 3 3 3 

SHAPE 41/31 41/31 21 21 

LITHOLOGY 1 1 1 1 i , 

TEXTURE: FINE EARTH 4 5 5 5 I 
i 

CONSISTENCE (moist) 3 4 4 3 I 
I 

j 
STRUCTURE I 

GRADE 5 4 3 2 

SIZE 2/3 3/2 2 NA 

TYPE 5/4 4 3 NA 

I ROOTS 

~ ABUNDANCE I 
4 3 2 0 

SIZE 2 2 2 NA 
-

NOTES 

NA - not applicable 



250. 

DESCRIPTION CARD SOIL PROFILE CLASS NO. 3.1.4 

GENERAL INFORMATION 

LOCATION COOPERS CREEK RESEARCH AREA 

GRID REF. S75 557 895 

CODE NO. 19 

ELEVATION est. 440m 

DESCRIBED BY PJT DATE 7/3/74 

SITE DESCRIPTION 

LAND FORM Hillslope 

SLOPE ANGLE 260 

SLOPE PROFILE Shoulder 

ASPECT 330
0 

North 

SLOPE CONTOUR Nose 

MICROTOPOGRAPHY Uneven, bedrock outcrops 

REGOLITH: DEBRIS MANTLE Coarse colluvium, sandstone stones and gravels 

BEDROCK Fractured, indurated sandstone 

VEGETATION Grassland 

SOIL PROFILE SYSTEM 

TEXTURE PROFILE FORM 

SKELETAL: Uniform (slightly skeletal) 

FINE EARTH: Gradational positive (silt loam to clay loam) 

STRUCTURE PROFILE FORM Bipedal (granular on blocky) 

REDOX PROFILE FORM Oxidised Aeric 

SOIL HORIZON SEQUENCE/THICKNESS 

Horizon Ahl 

Thickness (cm) 20 

DEPTH OF SOLUM 60 cm 

SOIL SAMPLES 

Sample Code 

Depth Increment 
(cm) 

19.1 

0-10 

Ah/Bwl 

20 

19.2 

10-20 

2Bw2 2Cu 3R 

20 15 10+ 

19.3 19.4 19.5 

20-40 40-60 60-75 



251. 

SOIL PROFILE DESCRIPTION 

1 2 3 4 5 G , -

SOIL HORIZON 
Ahl Ah/Bwl 2Bw2 2Cu 3R SYMBOLS i 

HORIZON 

DEPTH (cm) 0-20 20-40 40-60 60-75 NA 

THICKNESS (cm) 20 20 20 15 10+ 

DISTINCTNESS 3 3 4 2 NA 
SHAPE 2 2 2 3 NA 

COLOUR (moist) 
-

HUE 8 9 9 9 9 NR 

VALUE 4 4 5 5 5 NR 
CHROMA 3 3 4 6 6 NR 

COLOUR GROUP 2 2 9 9 9 NR 

MOTTLING 

ABUNDANCE 0 0 0 0 NR 

SIZE 

CONTRAST 

TEXTURE: SKELETAL 

VOLUME/SIZE 1/5 1/5 1/5 1/5 NA 

WEATHERING 2 3 4 4 3 ! 

SHAPE 41 41/21 41/21 41/21 NA I 
LITHOLOGY 1 1 1/2 1/2 1/2 I , 

I 
TEXTURE: FINE EARTH 4 5 5 5 NA I 

i 
CONSISTENCE (moist) 3 4 5 5 NA ! 

--. 
STRUCTURE I 

GRADE 4 5 3 2 NA 

SIZE 2/3 2 2 NA NA 

TYPE 5/4 3 3 NA NA I 

ROOTS I 
ABUNDANCE I 

3 1 1 0 0 

SIZE 2 2 2 NA NA 
-

NOTES 

NA - not applicable NR - not recorded 



252. 

DESCRIPTION CARD SOIL PROFILE CLASS NO. 3.3.4 

GENERAL INFORMATION 

LOCATION COOPERS CREEK RESEARCH AREA 

GRID REF. S75 557 896 

CODE NO. 20 

SITE DESCRIPTION 

LAND FORM Hillslope 

SLOPE ANGLE 230 

SLOPE PROFILE Backslope 

MICROTOPOGRAPHY Even 

ELEVATION est. 420m 

DESCRIBED BY PJT 

ASPECT 3200 North 

SLOPE CONTOUR Nose 

DATE 8/3/74 

REGOLITH: DEBRIS MANTLE Coarse colluvium, sandstone stones and gravels 

BEDROCK NA 

VEGETATION Grassland 

SOIL PROFILE SYSTEM 

TEXTURE PROFILE FORM 

SKELETAL: Uniform (moderately skeletal) 

FINE EARTH: Gradational positive (silt loam to clay loam) 

STRUCTURE PROFILE FORM Bipedal (granular on blocky) 

REDOX PROFILE FORM Oxidised Aeric 

SOIL HORIZON SEQUENCE/THICKNESS 

Horizon Ahl 

Thickness (cm) 20 

DEPTH OF SOLUM 70 cm 

SOIL SAMPLES 

Sample Code 

Depth Increment 
(cm) 

20.1 

0-10 

2 Ah/BW 1 

20 

20.2 

10-20 

2Bw2 3Cu 

30 30+ 

20.3 20.4 20.5 

20-40 40-60 60-70 

20.6 20.7 

70-90 90-100 



253. 

SOIL PROFILE DESCRIPTION 

1 2 3 4 - 5 , -, 

SOIL HORIZON 
SYMBOLS Ahl 2Ah/Bwl 2BW2 3Cu 

HORIZON 

DEPTH (em) 0-20 20.,.40 40-70 70-l00 

THICKNESS (em) 20 20 30 30+ 

DISTINCTNESS 3 2 2 NA 

SHAPE 2 2 2 NA 

COLOUR (moist) 

HUE 8 8 9 9 9 

VALUE 4 4 4 5 5 

CHROMA 3 3 3 3 6 

COLOUR GROUP 2 2 2 2 9 

MOTTLING 

ABUNDANCE 0 0 0 0 

SIZE 

CONTRAST 

TEXTURE: SKELETAL 

VOLUME/SIZE 2/6 2/6 2/6 2/6 

WEATHERING 3 3 3/4 4 

SHAPE 41/21 41/21 21/41 21/41 

LITHOLOGY 1 1 I 1 1 , 

TEXTURE: FINE EARTH 4 4 5 5 I 
.J 

I 

CONSISTENCE (moist) 3 4 4 5 I 

STRUCTURE I 
GRADE 4 4 3 2 ! 
SIZE 2 2 2 NA 

TYPE 5 4/3 3 NA 

1 ROOTS 

i ABUNDANCE I 
1 Q 4 3 

SIZE 2 2 I 2 NA 
--

NOTES I 

NA - not applicable 



254. 

DESCRIPTION CARD SOIL PROFILE CLASS NO. 3.2.4 

GENERAL INFORMATION 

LOCATION COOPERS CREEK RESEARCH AREA 

ELEVATION GRID REF. S75 557 897 

CODE NO. 21 DESCRIBED BY PJT DATE 22/3/74 

SITE DESCRIPTION 

LAND FORM Hillslope 

SLOPE ANGLE 16
0 

SLOPE PROFILE Footslope 

MICROTOPOGRAPHY Even 

ASPECT 320
0 

North 

SLOPE CONTOUR Nose 

REGOLITH: DEBRIS MANTLE Coarse colluvium, sandstone stones and gravels 

BEDROCK NA 

VEGETATION Grassland 

SOIL PROFILE SYSTEM 

TEXTURE PROFILE FORM 

SKELETAL: Gradational positive (slightly to moderately skeletal) 

FINE EARTH: Bulged (silt loam, clay loam, sandy loam) 

STRUCTURE PROFILE FORM Bipedal (granular on blocky) 

REDOX PROFILE FORM Oxidised Aeric 

SOIL HORIZON SEQUENCE/THICKNESS 

Horizon Ahl 

Thickness (cm) 20 

DEPTH OF SOLUM 60 cm 

SOIL SAMPLES 

Sample Code 

Depth Increment 
(cm) 

21.1 

0-10 

Ah/Bwl 

20 

21.2 

10-20 

2Bw2 3Cu 

20 30+ 

21. 3 21.4 21.5 

20-40 40-60 60-80 

21.6 

80-90 



255. 

SOIL PROFILE DESCRIPTION 

1 2 3 4 5 G 
I -, 

SOIL HORIZON Ahl' Ah/Bwl 2Bw2 3Cu 
SYMBOLS I 

HORIZON 

DEPTH (cm) 0-20 20-40 40-60 60-90 

THICKNESS (cm) 20 20 20 30+ 

DISTINCTNESS 4 3 2 NA 

SHAPE 2 2 2 NA 

COLOUR (moist) 

HUE 8 8 9 9 9 9 

VALUE 4 4 5 4 5 5 

CHROMA 2 2 2 4 4 5 

COLOUR GROUP 2 2 2 2 9 9 

MOTTLING 

ABUNDANCE 0 0 0 0 

SIZE 

CONTRAST 

TEXTURE: SKELETAL , 
VOLUME/SIZE 5 5 1/5 2/6 

WEATHERING 2 2/3 3/4 3/4/5 

SHAPE 41 41 41/21 41/31 

LITHOWGY 1 1 1 1 ! , 

TEXTURE: FINE EARTH 4 4 5 3 I 
i 

CONSISTENCE (moist) 3 3 4 8 
, , , 

STRUCTURE 

GRADE 5 5 3 2 

SIZE 2/3 2 2 NA 

TYPE 5/4 4/3 3 NA 

ROOTS 

1 ABUNDANCE I 4 3 1 0 

SIZE 2 2 2 NA 
--

NOTES 

I 
NA - not applicable 



256. 

DESCRIPTION CARD SOIL PROFILE CLASS NO. 3.4.4 

GENERAL INFORMATION 

LOCATION COOPERS CREEK RESEARCH AREA 

ELEVATION est. 440m GRID REF. S75 558 895 

CODE NO. 22 DESCRIBED BY PJT DATE 15/5/74 

SITE DESCRIPTION 

LAND FORM Hillslope 

SLOPE ANGLE 25
0 

SLOPE PROFILE Headslope 

MICROTOPOGRAPHY Uneven 

ASPECT 320
0 

North 

SLOPE CONTOUR Hollow 

REGOLITH: DEBRIS MANTLE Coarse colluvium, sandstone stones and gravels 

BEDROCK NA 

VEGETATION Grassland 

SOIL PROFILE SYSTEM 

TEXTURE PROFILE FORM 

SKELETAL: Variable (moderately to very skeletal) 

FINE EARTH: Gradational positive (silt loam "to clay loam) 

STRUCTURE PROFILE FORM Bipedal (granular on blocky) 

REDOX PROFILE FORM Oxidised Aeric 

SOIL HORIZON SEQUENCE/THICKNESS 

Horizon Ahl 

Thickness (cm) 20 

DEPTH OF SOLUM 80 cm 

SOIL SAMPLES 

Sample Code 22.1 

Bwl 

20 

22.2 

Bw2 Cu 

40 20+ 

22.3 22.4 22.5 22.6 

Depth Increment 
(cm) 

0-10 10-20 20-40 40-60 60-80 80-100 



257. 

SOIL PROFILE DESCRIPTION 

1 2 3 4 5 G 
I -

SOIL HORIZON 
SYMBOLS 1-\P.1 Bw1 Bw2 Cu , 

HORIZON 

DEPTH (cm) 0-20 20-40 40-80 80-100 

THICKNESS (cm) 20 20 40 20+ 

DISTINCTNESS 2 4 4 NA 

SHAPE 2 3 2 NA 

COLOUR (moist) 

HUE 8 9 9 9 

VALUE 4 5 5 5 

CHROMA 2 3 3 3 

COLOUR GROUP 2 2 2 2 

MOTTLING 

ABUNDANCE 0 0 0 0 

SIZE 

CONTRAST 

TEXTURE: SKELETAL ! 

VOLUME/SIZE 2/6 3/7 2/6 3/7 

WEATHERING 2/3 2/3 / 2/3 3/4 

SHAPE 41/31 41/21 41 41 

LITHOLOGY 1 1 1 1/2 ! 
I 

TEXTURE: FINE EARTH I 
-1 

i 

CONSISTENCE (moist) 3 3 4 4 i 

j 
STRUCTURE I 

GRADE 5 4 3 2 I 

SIZE 2 2 2 NA 

TYPE 5 4 3 NA 

ROOTS i 1 ABUNDANCE I 
4 1 1 NA 

SIZE 2 2 2 NA 
-

NOTES 

NA - not applicable 



258. 

DESCR:rPTION CARD SOIL PROFILE CLASS NO. 3.4.4 

GENERAL INFORMATION 

LOCATION COOPERS CREEK RESEARCH AREA 

ELEVATION est. 420m GRID REF. S75 558 896 

CODE NO. 23 DESCRIBED BY PJT DATE 16/5/74 

SITE DESCRIPTION 

LAND FORM Hillslope 

SLOPE ANGLE 240 

SLOPE PROFILE Backslope 

ASPECT 320
0 

North 

SLOPE CONTOUR Hollow 

MICROTOPOGRAPHY Uneven, low banks of surface stones 

REGOLITH: DEBRIS MANTLE Coarse colluvium, sandstone stones and gravels 

BEDROCK NA 

VEGETATION Grassland 

SOIL PROFILE SYSTEM 

TEXTURE PROFILE FORM 

SKELETAL: Uniform (very skeletal) 

FINE EARTH: Gradational positive (silt loam to clay loam) 

STRUCTURE PROFILE FORM Isopedal (granular) 

REDOX PROFILE FORM Oxidised Aeric 

SOIL HORIZON SEQUENCE/THICKNESS 

Horizon Ahl 

Thickness (cm) 20 

DEPTH OF SOLUM 80 cm 

SOIL SAMPLES 

Sample Code 

Depth Increment 
(cm) 

Ah/Bwl 

20 

23.1 23.2 

0-10 10-20 

2Bw2 3Cu 

40 20+ 

23.3 23.4 23.5 

20-40 40-60 60-80 

23.6 

80-100 



259. 

SOIL PROFILE DESCRIPTION 

1 2 3 4 5 G 
: 

SOIL HORIZON 
SYMBOLS Ah Ah/Bw1 2Bw2 3Cu 

HORIZON 

DEPTH (em) 0.,.20 20-40 40-80 80-100 

'IHICKNESS (em) 20 20 40 20+ 

DISTINCTNESS 2 4 2 NA 

SHAPE 2 2 2 NA, 

COLOUR (moist) 

HUE 8 8 9 9 9 

VALUE 
3 4 5 5 5 

CHROMA 2 2 3 4 4 

COLOUR GROUP 1 2 2 9 9 

MOTTLING 

ABUNDANCE 0 0 0 0 

SIZE 

CONTRAST 

TEXTURE: SKELETAL 

VOLUME/SIZE 3/6 3/6 3/6 8 

WEATHERING 2/3 2/3 2/3 2/3 I 

SHAPE 31/21 31/21 31/21 31/21 

LITHOLOGY 1 1 1 1 ! 
I 

TEXTURE: FINE EARTH 5 5 I 4 4 I 
i 

CONSISTENCE (moist) 3 3 3 3 I 

I STRUCTURE 
I 

GRADE 3 3 3 1 ! 

SIZE 2 2 2 NA 

TYPE 5 5 5 NA I 
I 

ROOTS i 1 
ABUNDANCE I 

1 4 3 1 

SIZE 2 2 I 2 2 
-

NOTES I 

NA - not applicable 



260. 

DESCRIPTION CARD SOIL PROFILE CLASS NO. 3.4.4 

GENERAL INFORMATION 

LOCATION COOPERS CREEK RESEARCH AREA 

ELEVATION est. 410m GRID REF. S75 558 897 

CODE NO. 24 DESCRIBED BY PJT DATE 21/5/74 

SITE DESCRIPTION 

LAND FORM Hillslope 

SLOPE ANGLE 15
0 

SLOPE PROFILE Footslope 

ASPECT 3150 North 

SLOPE CONTOUR Hollow 

MICROTOPOGRAPHY Uneven, low banks of surface stones 

REGOLITH: DEBRIS MANTLE Coarse colluvium, sandstone stones and gravels 

BEDROCK NA 

VEGETATION Grassland 

SOIL PROFILE SYSTEM 

TEXTURE PROFILE FORM 

SKELETAL: Uniform (very skeletal) 

FINE EARTH: Gradational positive (silt loam to clay loam) 

STRUCTURE PROFILE FORM Bipedal (granular on blocky) 

REDOX PROFILE FORM Oxidised Aeric 

SOIL HORIZON SEQUENCE/THICKNESS 

Horizon Ahl 

Thickness (cm) 20 

DEPTH OF SOLUM 80 cm 

SOIL SAMPLES 

Sample Code 24.1 

Ah/Bwl 

20 

24.2 

2Bw2 2Cu 

40 20+ 

24.3 24.4 24.5 24.6 

Depth Increment 
(cm) 

0-10 10-20 20-40 40-60 60-80 80-100 



261. 

SOIL PROFILE DESCRIPTION 

1 2 3 4 5 G , --, 

SOIL HORIZON 
Ahl Ah/Bwl 2Bw2 2Cu SYMBOLS 

I 

HORIZON 

DEPTH (cm) 0-20 20-40 40-80 80-100 
THICKNESS (cm) 20 20 40 20+ 
DISTINCTNESS 2 4 2 NA 
SHAPE 2 2 2 NA 

COLOUR (moist) 

HUE 8 9 9 9 8 
VALUE 3 3 5 5 5 
CHROMA 2 2 3 4 4 

COLOUR GROUP 2 1 2 9 9 

MOTTLING 

ABUNDANCE 0 0 0 0 
SIZE 

CONTRAST 

TEXTURE: SKELETAL 

VOLUME/SIZE 3/7 3/7 3/7 3/7 
WEATHERING 2/3 2/3 2/3 2/3 J 
SHAPE 31/21 31/21 31/21 31/21 I 
LITHOLOGY 1 1 1 1 ! 

TEXTURE: FINE EARTH 4 4 I 5 5 ! 
~ 

I 
CONSISTENCE (moist) 3 4 4 4 ! 

STRUCTURE I 
GRADE 5 4 3 2 ! 
SIZE 2 2 2 NA 
TYPE 5 5 4 NA i 

ROOTS 1 
I ABUNDANCE I 

1 0 ; 4 3 
SIZE 2 2 2 NA 

--

NOTES 

NA - not applicable 



262. 

DESCRIPTION CARD SOIL PROFILE CLASS NO. 2.2.2 

GENERAL INFORMATION 

LOCATION MT PLEASANT, HUNUA 

GRID REF. S68 956 153 ELEVATION est. 530m 

CODE NO. 25 

SITE DESCRIPTION 

LAND FORM Hillslope 

SLOPE ANGLE 15
0 

SLOPE PROFILE Shoulder 

DESCRIBED BY PJT 

ASPECT 115
0 

East 

SLOPE CONTOUR Nose 

MICROTOPOGRAPHY Uneven, numerous bedrock outcrops 

DATE 3/12/81 

REGOLITH: DEBRIS MANTLE Coarse colluvium, sandstone stones and gravels 

BEDROCK Fractured, indurated, fine sandstone 

VEGETATION Grassland 

SOIL PROFILE SYSTEM 

TEXTURE PROFILE FORM 

SKELETAL: Gradational positive (slightly to moderately skeletal) 

FINE EARTH: Uniform (silt loam) 

STRUCTURE PROFILE FORM Bipedal (granular on blocky) 

REDOX PROFILE FORM Oxidised Aeric 

SOIL HORIZON SEQUENCE/THICKNESS 

Horizon Ahl 

Thickness (cm) 20 

DEPTH OF SOLUM 30 cm 

SOIL SAMPLES 

Sample Code 

Depth Increment 
(cm) 

25.1 

0-10 

Bwl 

10 

25.2 

10-20 

R 

10+ 

25.3 

20-30 



263. 

SOIL PROFILE DESCRIPTION 

1 2 3 4 5 
: -

SOIL HORIZON 
SYMBOLS Ahl Bwl R, ; 

HORIZON 

DEPTH (em) 0-20 20-30 NA 

THICKNESS (em) 20 10 10+ 

DISTINCTNESS 3 1 NA 
SHAPE 2 3 NA 

COLOUR (moist) 
-

HUE 8 8 8 8 

VALUE 3 4 3 5 

CHROMA 3 4 1 2 

COLOUR GROUP 1 2 1 6 

MOTTLING 

ABUNDANCE 0 0 0 

SIZE 
i 

CONTRAST T 
TEXTURE: SKELETAL 1 

VOLUME/SIZE 5 6 NA 

WEATHERING 2/3 2/3 2/3 

SHAPE 31/41 41 NA 
I 

LITHOLOGY 1 1 1 
! 

TEXTURE: FINE EARTH 4 I 4 NA -1 
I 

CONSISTENCE (moist) 3 3 NA i 

I 

j 
STRUCTURE i 

GRADE 5 5 NA ! 
SIZE 2 2 NA 

TYPE 5 3 NA I 

ROOTS 

ABUNDANCE I 

3 0 4 

SIZE 2 2 NA --'----- -

NOTES 

I 

NA - not applicable 



264. 

DESCRIPTION CARD SOIL PROFILE CLASS NO. 1.1.1 

GENERAL INFORMATION 

LOCATION MT PLEASANT, HUNUA 

GRID REF. S68 956 153 ELEVATION est. 500m 

CODE NO. 26 

SITE DESCRIPTION 

LAND FORM Hillslope 

SLOPE ANGLE 190 

SLOPE PROFILE Backs lope 

DESCRIBED BY PJT 

ASPECT 120
0 

East 

SLOPE CONTOUR Nose 

MICROTOPOGRAPHY Uneven, numerous bedrock outcrops 

DATE 3/12/81 

REGOLITH: DEBRIS MANTLE Coarse colluvium, sandstone and siltstone, 
stones and gravels 

BEDROCK Fractured, indurated sandstone 

VEGETATION Grassland 

SOIL PROFILE SYSTEM 

TEXTURE PROFILE FORM 

SKELETAL: Uniform (slightly skeletal) 

FINE EARTH: Uniform (sandy loam) 

STRUCTURE PROFILE FORM Epipedal (granular) 

REDOX PROFILE FORM Oxidised Aeric 

SOIL HORIZON SEQUENCE/THICKNESS 

Horizon Ahl 

Thickness (cm) 20 

DEPTH OF SOLUM 20 cm 

SOIL SAMPLES 

Sample Code 

Depth Increment 
(cm) 

R 

20+ 

26.1 26.2 

0-10 10-20 



265. 

SOIL PROFILE DESCRIPTION 

1 2 3 4 5 G 
i -

SOIL HORIZON 
SYMBOLS Ahl R 

i 

HORIZON 

DEPTH (cm) 0-20 NA 

THICKNESS (cm) 20 20+ 

DISTINCTNESS 1 NA 

SHAPE 3 NA 

COWUR (moist) 

HUE 8 8 8 

VALUE 2 3 5 

CHROMA 2 1 2 

COLOUR GROUP 1 1 6 

MOTTLING 

ABUNDANCE 0 0 

SIZE 
I 

CONTRAST 

TEXTURE: SKELETAL ! 

VOLUME/SIZE 5 NA 

WEATHERING 2 2 ! 

SHAPE 41 NA I 
LITHOWGY 1 1 ! 

i 
TEXTURE: FINE EARTH 3 NA I 

~ 
i 

CONSISTENCE (moist) 2/3 NA 
; 

STRUCTURE i 
I 

GRADE 5 NA ! 

SIZE 2 NA 

TYPE 5 NA : 
I 

ROOTS ] 
ABUNDANCE I 4 0 

SIZE 2 NA 

--r- --

NOTES 

I 

NA - not applicable 



266. 

DESCRIPTION CARD SOIL PROFILE CLASS NO. 1.1.1 

GENERAL INFORMATION 

LOCATION MT PLEASANT, HUNUA 

GRID REF. S68 956 154 ELEVATION est. 465m 

CODE NO. 27 

SITE DESCRIPTION 

LAND FORM Hillslope 

SLOPE ANGLE 28
0 

SLOPE PROFILE Footslope 

DESCRIBED BY PJT 

ASPECT 120
0 

East 

SLOPE CONTOUR Nose 

MICROTOPOGRAPHY Uneven, numerous bedrock outcrops 

DATE 3/12/81 

REGOLITH: DEBRIS MANTLE Coarse colluvium, sandstone and siltstone, 
stones and gravels 

BEDROCK Fractured, indurated sandstone 

VEGETATION Grassland 

SOIL PROFILE SYSTEM 

TEXTURE PROFILE FORM 

SKELETAL: Uniform (slightly skeletal) 

FINE EARTH: Uniform (sandy loam) 

STRUCTURE PROFILE FORM Epipedal (granular) 

REDOX PROFILE FORM Oxidised Aeric 

SOIL HORIZON SEQUENCE/THICKNESS 

Horizon Ahl 

Thickness (cm) 30 

DEPTH OF SOLUM 30 cm 

SOIL SAMPLES 

SaI'llple Code 

Depth Increment 
(cm) 

27.1 

0-10 

R 

10+ 

27.2 

10-20 

27.3 

20-30 



267. 

SOIL PROFILE DESCRIPTION 

1 2 3 4 5 G , 

SOIL HORIZON 
SYMBOLS Ahl R 

j HORIZON 

DEPTH (cm) 0-30 10+ 

THICKNESS (cm) 30 NA 

DISTINCTNESS 1 NA 

SHAPE 3 NA 

COLOUR (moist) 
.-

HUE 8 8 9 

VALUE 3 5 6 

CHROMA 2 2 2 
--

COLOUR GROUP 1 6 6 

MOTTLING 

ABUNDANCE 0 0 

SIZE 

CONTRAST 

TEXTURE: SKELETAL I 

VOLUME/SIZE 5 NA 

WEATHERING 2 2 

SHAPE 41 NA 

LITHOLOGY 1 1 

TEXTURE: FINE EARTH 3 NA 

CONSISTENCE (moist) 3/4 NA 
~ 

I STRUCTURE 
j 

GRADE 4 NA ! 
SIZE 2 NA 

TYPE 5 NA i 

ROOTS ! 

1 ABUNDANCE I 
0 4 

SIZE 2 NA 
-

NOTES I 

NA - not applicable 



268. 

DESCRIPTION CARD SOIL PROFILE CLASS NO. 2.2.2 

GENERAL INFORMATION 

LOCATION MT PLEASANT, HUNUA 

GRID REF. S68 956 153 ELEVATION est. 520m 

CODE NO. 28 DESCRIBED BY PJT DATE 3/12/81 

SITE DESCRIPTION 

LAND FORM Hillslope 

SLOPE ANGLE 100 

SLOPE PROFILE Headslope 

MICROTOPOGRAPHY Uneven 

ASPECT 1300 East 

SLOPE CONTOUR Hollow 

REGOLITH: DEBRIS MANTLE Coarse colluvium, sandstone stones and gravels 

BEDROCK Fractured, indurated fine sandstone 

VEGETATION Grassland 

SOIL PROFILE SYSTEM 

TEXTURE PROFILE FORM 

SKELETAL: Duplex positive (slightly to moderately skeletal) 

FINE EARTH: Uniform (silt loam) 

STRUCTURE PROFILE FORM Bipeda~ (granular on blocky) 

REDOX PROFILE FORM Oxidised Aerie 

SOIL HORIZON SEQUENCE/THICKNESS 

Horizon Ahl 

Thickness (em) 20 

DEPTH OF SOLUM 50 em 

SOIL SAMPLES 

Sample Code 

Depth Increment 
(em) 

28.1 

0-10 

Ah/Bwl 

10 

28.2 

10-20 

Bw2 R 

20 10+ 

28.3 28.4 

20-30 30-50 



269. 

SOIL PROFILE DESCRIPTION 

1 2 3 4 5 
: -, 

SOIL HORIZON 
Ahl Ah/Bwl Bw2 R SYMBOLS 

j HORIZON 

DEPTH (em) 0-20 20-30 30-50 NA 

THICKNESS (em) 20 10 20 10+ 

DISTINCTNESS 3 3 1 NA 

SHAPE 2 2 3 NA 

COLOUR (moist) 
-

HUE 8 8 8 8 8 10 

VALUE 2 2 3 3 3 4 

CHROMA 2 2 2 3 4 1 

COLOUR GROUP 1 1 1 1 2 6 

MOTTLING 

ABUNDANCE 0 0 0 0 

SIZE 

CONTRAST 

TEXTURE: SKELETAL 

VOLUME/SIZE 0/5 6 6 NA 

WEATHERING 2/3 2/3 2/3 2 ! 

SHAPE 41 41 41 NA ! 
LITHOWGY 1 1 1 1 ! 

TEXTURE: FINE EARTH 4 4 4 NA I 
i 

---' 
t 

CONSISTENCE (moist) 3 3 3 NA I 

STRUCTURE I 
GRADE 5 5 5 NA ! 
SIZE 2/3 2/3 2/3 NA 

TYPE 5 4 3/4 NA 

ROOTS 

1 ABUNDANCE I 
4 3 I 1 0 

SIZE 2 2 2 NA -~ --c----

NOTES 

NA - not applicable 



270. 

DESCRIPTION CARD SOIL PROFILE CLASS NO. 3.2.2 

GENERAL INFORMATION 

LOCATION MT PLEASANT, HUNUA 

GRID REF. S68 956 153 ELEVATION est. Slam 

CODE NO. 29 DESCRIBED BY PJT DATE 3/12/81 

SITE DESCRIPTION 

LAND FORM Hillslope 

SLOPE ANGLE 12
0 

SLOPE PROFILE Backslope 

ASPECT 140
0 

South 

SLOPE CONTOUR Hollow 

MICROTOPOGRAPHY Even, but distinctly stepped 

REGOLITH: DEBRIS MANTLE Coarse colluvium, sandstone and siltstone, 
stones and gravels 

BEDROCK NA 

VEGETATION Grassland 

SOIL PROFILE SYSTEM 

TEXTURE PROFILE FORM 

SKELETAL: Gradational positive (slightly to strongly skeletal) 

FINE EARTH: Uniform (silt loam) 

STRUCTURE PROFILE FORM Bipedal (granular on blocky) 

REDOX PROFILE FORM Oxidised Aeric 

SOIL HORIZON SEQUENCE/THICKNESS 

Horizon Ahl 

Thickness (cm) 20 

DEPTH OF SOLUM 80 cm 

SOIL SAMPLES 

Sample Code 29.1 

Ah/Bwl 

20 

29.2 

Bw2 Cu 

40 20+ 

29.3 29.4 29.5 

Depth Increment 
(cm) 

0-10 10-20 20-40 40-60 60-80 

29.6 

80-100 



271. 

SOIL PROFILE DESCRIPTION 

1 2 3 4 5 G 
: 

SOIL HORIZON 
SYMBOLS Ah1 Ah/Bw1 Bw2 CU 

HORIZON 

DEPTH (em) 0-20 20-40 40-80 80-10Q 

THICKNESS (em) 20 20 40 20+ 

DISTINCTNESS 3 3 4 NA 

SHAPE 2 2 2 NA 

COLOUR (moist) 

HUE 8 8 8 8 8 8 
--

VALUE 2 2 4 4 4 4 

CHROMA 2 2 3 4 5 5 

COLOUR GROUP 1 1 2 2 2 2 

MOTTLING 

ABUNDANCE 0 0 0 0 

SIZE 

CONTRAST 

TEXTURE: SKELETAL : 
VOLUME/SIZE 5 2/6 3 3 

WEATHERING 2 2 2 2 

SHAPE 41 41 41 41 

LITHOLOGY 1/2 i 1/2 1/2 1/2 , 
I 

TEXTURE: FINE EARTH 4 4 4 4 
, 
I 
i 

CONSISTENCE (moist) 3 3 3/1 1 I 

, 
J 

STRUCTURE i 
i GRADE 5 5 5 NA , 

SIZE 2/3 2/3 2/1 NA 

TYPE 5 4/5 3 NA I 

-i 
ROOTS 

J 
I 

ABUNDANCE I 

2 0 4 3 , 
SIZE 2 2 ~_2 NA 

-

NOTES I 

NA - not applicable 



272. 

DESCRIPTION CARD SOIL PROFILE CLASS NO. 3.4.2 

GENERAL INFORMATION 

LOCATION MT PLEASANT, HUNUA 

GRID REF. S6S 956 154 ELEVATION est. 460m 

CODE NO. 30 DESCRIBED BY PJT DATE 3/12/S1 

SITE DESCRIPTION 

LAND FORM Hillslope 

SLOPE ANGLE ISO 

SLOPE PROFILE Footslope 

ASPECT 1250 East 

SLOPE CONTOUR Hollow 

MICROTOPOGRAPHY Uneven and stepped 

REGOLITH: DEBRIS MANTLE Coarse colluvium sandstone stones and gravels 

BEDROCK NA 

VEGETATION Grassland 

SOIL PROFILE SYSTEM 

TEXTURE PROFILE FORM 

SKELETAL: Uniform (very skeletal) 

FINE EARTH: Uniform (silt loam) 

STRUCTURE PROFILE FORM Bipedal (granular on blocky). Almost Isopedal. 

REDOX PROFILE FORM Oxidised Aeric 

SOIL HORIZON SEQUENCE/THICKNESS 

Horizon Ahl 

Thickness (cm) 40 

DEPTH OF SOLUM SO cm 

SOIL SAMPLES 

Sample Code 

Depth Increment 
(cm) 

30.1 

0-10 

Bwl 

40 

30.2 

10-20 

Cu 

20+ 

30.3 30.4 30.5 30.6 

20-40 40-60 60-S0 SO-lOO 



273. 

I: 

SOIL PROFILE DESCRIPTION 

1 2 3 4 5 G 
i -, 

SOIL HORIZON Ahl Bwl Cu 
SYMBOLS 

HORIZON 

DEPTH (em) 
0-40 40 80 80 100 

'IHICKNESS (em) 
40 40 20+ 

DISTINCTNESS 
3 2 NA 

SHAPE 
2 3 NA 

COLOUR (moist) 
.-

HUE 
8 8 8 8 

VALUE 
2 3 4 4 

CHROMA 
2 4 4 3 

COLOUR GROUP 
1 2 2 2 

MOTTLING 

ABUNDANCE 
0 0 0 

SIZE 

CONTRAST 

TEXTURE: SKELETAL ! 

VOLUME/SIZE 
3/7 3/7 4/8 

i 
WEATHERING 

2 2 2 J 
SHAPE 

41 41 
- I 41 

I 

LITHOWGY 
1 1 

! 
1 

\ 
I TEXTURE: FINE EARTH 

4 4 i 4 
~ 

! 

CONSISTENCE (moist) 
4 4/1 1 

, 
~ 

STRUCTURE I 

GRADE 
5 5 NA 

SIZE 
2 1 NA 

TYPE 
5/6 3/4 NA \ 

ROOTS J 
ABUNDANCE I 

4 3 0 
SIZE 

2 2 NA 
-

NOTES 

I I 

NA - not applicable 



DESCRIPTION CARD 

GENERAL INFORMATION 

LOCATION MT PLEASANT, HUNUA 

GRID REF. S68 955 167 

274. 

SOIL PROFILE CLASS NO. 2.3.1 

ELEVATION est. Slam 

CODE NO. 31 DESCRIBED BY PJT DATE 4/12/81 

SITE DESCRIPTION 

LAND FORM Hillslope 

SLOPE ANGLE 31
0 

SLOPE PROFILE Shoulder 

ASPECT 000 North 

SLOPE CONTOUR Nose 

MICROTOPOGRAPHY Uneven, numerous rock outcrops 

REGOLITH: DEBRIS MANTLE Coarse colluvium, sandstone and siltstone 
stones and gravels 

BEDROCK Fractured, indurated siltstone and fine 
sandstone 

VEGETATION Grassland 

SOIL PROFILE SYSTEM 

TEXTURE PROFILE FORM 

SKELETAL: Uniform (moderately skeletal) 

FINE EARTH: Uni form (sandy loam) 

STRUCTURE PROFILE FORM Epipedal (nut) to Isopedal 

REDOX PROFILE FORM Oxidised AEric 

SOIL HORIZON SEQUENCE/THICKNESS 

Horizon Ahl 

Thickness (cm) 10 

DEPTH OF SOLUM 30 cm 

SOIL SAMPLES 

Sample Code 

Depth Increment 
(cm) 

31.1 

0-10 

2BwR 

20 

31. 2 

10-30 

2RCu 2R 

20+ 

31. 3 

30-50 



275. 

SOIL PROFILE DESCRIPTION 

1 2 3 4 5 G 
: -, 

SOIL HORIZON 
SYMBOLS Ahl 2BwR 2RCu 2R 

HORIZON 

DEPTH (cm) 0-10 10-30 30-50 50+ 

THICKNESS (cm) 10 20 20+ NA, 

DISTINCTNESS 2 4 NA NA 
SHAPE 3 3 NA NA 

COLOUR (moist) 

HUE 8 9 8 8 

VALUE 4 6 5 5 

CHROMA 3 4 6 6 

COLOUR GROUP 2 8 9 9 

MOTTLING 

ABUNDANCE 0 0 a a 
SIZE 

CONTRAST 

TEXTURE: SKELETAL ! 

VOLUME/SIZE 2 2 NA NA 

WEATHERING 3/4 3/4 4 4 , 
SHAPE 31/41 41 NA NA I 
LITHOLOGY 1/2 1/2 1/2 1/2 ! 

I 
TEXTURE: FINE EARTH 3 3 NA NA I 

~ 
I 

CONSISTENCE (moist) 3 4/7 7 NA I 

STRUCTURE 

GRADE 5 2/3 NA NA , 
SIZE 2 2 NA NA 

TYPE 4 3 NA NA 

i ROOTS , 

~ ABUNDANCE I 
4 3 0 0 

SIZE 2 2 NA NA, ~ 
NOTES 

NA - not applicable 



276. 

DESCRIPTION CARD SOIL PROFILE CLASS NO. 1.3.1 

GENERAL INFORMATION 

WCATION MT PLEASANT, HUNUA 

GRID REF. S68 955 167 ELEVATION 

CODE NO. 32 DESCRIBED BY PJT 

SITE DESCRIPTION 

LAND FORM Hillslope 

SLOPE ANGLE 33
0 

SLOPE PROFILE Backslope 

ASPECT 005
0 

North 

SLOPE CONTOUR Nose 

MICROTOPOGRAPHY Uneven, numerous bedrock outcrops 

DATE 4/12/81 

REGOLITH: DEBRIS MANTLE Coarse colluvium, sandstone stones and gravels 

BEDROCK Fractured indurated sandstone 

VEGETATION Grassland 

SOIL PROFILE SYSTEM 

TEXTURE PROFILE FORM 

SKELETAL: Uniform (moderately skeletal) 

FINE EARTH: Uniform (sandy loam) 

STRUCTURE PROFILE FORM Epipedal (nut) 

REDOX PROFILE FORM Oxidised Aerie 

SOIL HORIZ0N SEQUENCE/THICKNESS 

Horizon Ahl 

Thickness (em) 20 

DEPTH OF SOLUM 20 em 

SOIL SAMPLES 

Sample Code 

Depth Increment 
(em) 

32.1 

0-10 

R 

10+ 

32.2 

10-20 



277. 

SOIL PROFILE DESCRIPTION 

1 2 3 4 5 
: 

SOIL HORIZON 
Ah1 R SYMBOLS I 

HORIZON j 
DEPTH (em) o 20 NA 

'IHICKNESS (em) 20 10+ 
DISTINCTNESS 1 NA 

SHAPE 3 NA 

COLOUR (moist) 
--

HUE 8 8 7 
VALUE 2 5 7 
CHROMA 2 2 8 

COLOUR GROUP 1 6 9 

MOTTLING 

ABUNDANCE 0 0 
SIZE 

CONTRAST 

I 

I 
TEXTURE: S¥ELETAL 

VOLUME/SIZE 6 NA 

WEATHERING 2/3 2 ! 
SHAPE 41 NA I 
LITHOLOGY 1 1 ! 

I 
! TEXTURE: FINE EARTH 3 NA 
~ - , 

CONSISTENCE (moist) 4 NA 

i STRUCTURE i 
I GRADE 5 NA 
t 

SIZE 3 NA 

! TYPE 4 NA \ 

I 
I ROOTS 
J 
! ABUNDANCE I 

3 0 
SIZE 2 NA J 

I I NOTES 

I 

NA ~ not applicable 



278. 

DESCRIPTION CARD SOIL PROFILE CLASS NO. 1.1.1 

GENERAL INFORMATION 

LOCATION MT PLEASANT, HUNUA 

GRID REF. S68 955 168 ELEVATION est. 455m 

CODE NO. 33 

SITE DESCRIPTION 

LAND FORM Hillslope 

SLOPE ANGLE 350 

SLOPE PROFILE Foots lope 

DESCRIBED BY PJT 

ASPECT 3450 North 

SLOPE CONTOUR Nose 

MICROTOPOGRAPHY Uneven, few bedrock outcrops 

DATE 4/12/81 

REGOLITH: DEBRIS MANTLE Coarse colluvium, sandstone stones and gravels 

BEDROCK Fractured, indurated fine sandstone 

VEGETATION Grassland 

SOIL PROFILE SYSTEM 

TEXTURE PROFILE FORM 

SKELETAL: Uniform (slightly skeletal) 

FINE EARTH: Uniform (sandy loam) 

STRUCTURE PROFILE FORM Epipedal (nut) 

REDOX PROFILE FORM Oxidised Aeric 

SOIL HORIZON SEQUENCE/THICKNESS 

Horizon Ahl 

Thickness (cm) 10 

DEPTH OF SOLUM 20 cm 

SOIL SAMPLES 

Sample Code 

Depth Increment 
(cm) 

33.1 

0-10 

AR 

10 

33.2 

10-20 

R 

10+ 



279. 

SOIL PROFILE DESCRIPTION 

1 2 3 4 5 
: 

SOIL HORIZON 
Ah1 AR R 

SYMBOLS I 

HORIZON 

DEPTH (cm) 0-10 10-20 NA 

THICKNESS (cm) 10 10 10+ 

DISTINCTNESS 4 3 NA 

SHAPE 3 3 NA 

COLOUR (moist) 
.-

HUE 8 8 7 7 7 

VALUE 2 2 5 8 5 

CHROMA 2 2 8 2 8 

j COLOUR GROUP 1 1 10 7 10 

MOTTLING I 
ABUNDANCE 0 0 0 

SIZE 

CONTRAST 

TEXTURE: SKELETAL 

VOLUME/SIZE 3 7 NA 

WEATHERING 3 3 3 ! 

SHAPE 41 41 NA 

LITHOWGY 1 1 1 ! , 
I 

TEXTURE: FINE EARTH 3 3 NA I 
i 

----J 
i 

CONSISTENCE (moist) 4 4 NA i 

STRUCTURE I 
GRADE 4 2 NA I 

SIZE 3 NA NA 

TYPE 4 NA NA 

1 ROOTS J 
ABUNDANCE I 

I 0 
: 

3 1 
L 

J SIZE 2 2 NA 

! I 

NOTES 

I 

NA - not applicable 



280. 

DESCRIPTION CARD SOIL PROFILE CLASS NO. 3.4.3 

GENERAL INFORMATION 

LOCATION MT PLEASANT, HUNUA 

GRID REF. S68 955 167 ELEVATION est. 505m 

CODE NO. 34 DESCRIBED BY PJT DATE 4/12/81 

SITE DESCRIPTION 

LAND FORM Hillslope 

SLOPE ANGLE 16
0 

SLOPE PROFILE Headslope 

ASPECT 0120 North 

SLOPE CONTOUR Hollow 

MICROTOPOGRAPHY Even, but distinctly stepped 

REGOLITH: DEBRIS MANTLE Coarse colluvium, sandstone stones and gravels 

BEDROCK NA 

VEGETATION Grassland 

SOIL PROFILE SYSTEM 

TEXTURE PROFILE FORM 

SKELETAL: Duplex positive (moderately to very skeletal) 

FINE EARTH: Gradational negative (silt loam to sandy loam) 

STRUCTURE PROFILE FORM Bipedal (granular on blocky) 

REDOX PROFILE FORM Oxidised Aeric 

SOIL HORIZON SEQUENCE/THICKNESS 

Horizon Ahl 

Thickness (cm) 20 

DEPTH OF SOLUM 100 cm 

SOIL SAMPLES 

Sample Code 

Depth Increment 
(cm) 

34.1 

0-10 

Ah/Bwl 

20 

34.2 

10-20 

Bw2 Bw3 Cu 

20 40 10+ 

34.3 34.4 34.5 34.6 

20-40 40-60 60-80 80-100 



281. 

SOIL PROFILE DESCRIPTION 

1 2 3 4 5 G 
i 

SOIL HORIZON 
Ahl Ah/Bwl Bw2 Bw3 Cu 

; SYMBOLS 

HORIZON 

DEPTH (cm) 
0-20 20-40 40-60 60-100 NA 

THICKNESS (cm) 
20 20 20 40 10+ 

DISTINCTNESS 
4 4 3 3 NA 

SHAPE 
2 2 2 2 NA 

COLOUR (moist) 

HUE 
8 8 8 8 8 8 

VALUE 
2 2 4 5 5 5 

CHROMA 
2 2 4 4 4 4 

COLOUR GROUP 
1 1 2 2 2 2 

MOTTLING 

ABUNDANCE 
Q 0 0 0 0 

SIZE 

CONTRAST 

TEXTURE: SKELETAL I 

VOLUME/SIZE 
6 7 7 7 7 

WEATHERING 
2/3 2/3 2/3 2/3 2/3 

SHAPE 
41/31 41/31 41/31 4~/31 41/31 

LITHOLOGY 
1 ~ 1 i 1 1 

j 
TEXTURE: FINE EARTH 4 4 3 3 3/2 J 

i , (moist) 
1 I CONSISTENCE 3 4 4 4 

STRUCTURE i 
GRADE 5 4 3 3 1 

I 

SIZE 
2/3 2 2/3 2/3 NA 

TYPE 
5/4 4/5 3 3 NA I 

ROOTS 

ABUNDANCE I 

I 1 0 4 3 1 
SIZE 

2 2 2 2 NA 
.-

NOTES I 

NA - not applicable 



282. 

DESCRIPTION CARD SOIL PROFILE CLASS NO. 4.4.2 

GENERAL INFORMATION 

LOCATION MT PLEASANT, HUNUA 

GRID REF. S68 955 167 ELEVATION est. 475m 

CODE NO. 35 DESCRIBED BY PJT DATE 4/12/81 

SITE DESCRIPTION 

LAND FORM Hillslope 

SLOPE ANGLE 250 

SLOPE PROFILE Backslope 

ASPECT 000 North 

SLOPE CONTOUR Hollow 

MICROTOPOGRAPHY Uneven, low banks of surface stones 

REGOLITH: DEBRIS MANTLE Coarse colluvium, sandstone stones and gravels 

BEDROCK NA 

VEGETATION Grassland 

SOIL PROFILE SYSTEM 

TEXTURE PROFILE FORM 

SKELETAL: Duplex positive (moderately to very skeletal) 

FINE EARTH: Uniform (silt loam) 

STRUCTURE PROFILE FORM Isopedal (nut on blocky) 

REDOX PROFILE ~ORM Oxidised Aerie 

SOIL HORIZON SEQUENCE/THICKNESS 

Horizon C 

Thickness (ern) 4 

DEPTH OF SOLUM 104 ern 

SOIL SAMPLES 

Sample Code 

Depth Increment 
(ern) 

35.1 

4-14 

Ahl 

20 

35.2 

14-24 

Ah/Bwl Bw2 

20 60+ 

35.3 35.4 

24-44 44-64 

35.5 

64-84 

35.6 

84-104 

I. 
i 

r 



283. 

SOIL PROFILE DESCRIPTION 

1 2 3 4 5 G 
: 

SOIL HORIZON 
Ah1 Ah/Bw1 Bw2 Cu SYMBOLS 

1 HORIZON 

DEPTH (em) 0..,.4 4-24 24-44 44-104 

THICKNESS (em) 4 20 20 60+ 

DISTINCTNESS 2 3 4 NA 

SHAPE 1 2 2 NA 
L'-,o-

COLOUR (moist) 1---

HUE 8 8 8 8 8 

VALUE 5 2 3 2 4 

CHROMA 2 2 4 2 4 

COLOUR GROUP 6 1 2 1 2 

MOTTLING 

ABUNDANCE 0 0 0 Q 

SIZE 

CONTRAST 

TEXTURE: SKELETAL 

VOLUME/SIZE 4 6 6 7 

WEATHERING 2 2/3 2/3 2/3 I 

SHAPE 41 41 41 41 
I 
I 

LITHOLOGY 1 1 1 1 ! 

i 
TEXTURE: FINE EARTH N1\ 4 4 4, I 

~ 
i 

CONSISTENCE (moist) 1 3 3 3 , 

STRUCTURE I 
GRADE 5 5 5 I 1 I 

SIZE NA 3 2/3 2 

TYPE 4 3 3 3 , 
I 

ROOTS ~ ABUNDANCE I 
3 ! 3 1 Q 

SIZE NA 2 2 2 
~ 

NOTES 

NA - not applicable 



284. 

DESCRIPTION CARD SOIL PROFILE CLASS NO. 4.2.3 

GENERAL INFORMATION 

LOCATION MT PLEASANT, HUNUA 

GRID REF. S68 955 168 ELEVATION est. 455m 

CODE NO. 36 DESCRIBED BY PJT DATE 4/12/81 

SITE DESCRIPTION 

LAND FORM Hillslope 

SLOPE ANGLE 270 

SLOPE PROFILE Footslope 

MICROTOPOGRAPHY Uneven 

ASPECT 000 North 

SLOPE CONTOUR Hollow 

REGOLITH: DEBRIS MANTLE Coarse colluvium, sandstone stones and gravels 

BEDROCK NA 

VEGETATION Grassland 

SOIL PROFILE SYSTEM 

TEXTURE PROFILE FORM 

SKELETAL: Duplex positive (slightly on moderately skeletal) 

FINE EARTH: Duplex positive (silt loam on sandy loam) 

STRUCTURE PROFILE FORM Isopedal (nut on blocky) 

REDOX PROFILE FORM Oxidised Aeric 

SOIL HORIZON SEQUENCE/THICKNESS 

Horizon Ahl 

Thickness (cm) 20 

DEPTH OF SOLUM 100 cm 

SOIL SAMPLES 

Sample Code 

Depth Increment 
(cm) 

36.1 

0-10 

Ah/Bwl 

20 

36.2 

10-20 

Bw2 Bw3 

20 40+ 

36.3 36.4 36.5 36.6 

20-40 40-60 60-80 80-100 



285. 

SOIL PROFILE DESCRIPTION 

1 2 J 4 5 
I -, 

SOIL HORIZON 
SYMBOLS Ahl Ah/Bwl Bw2 Bw3 , 

HORIZON 

DEPTH (em) 0-20 20-40 40-60 60-100 

'IHICKNESS (em) 20 20 20 40+ 

DISTINCTNESS 4 4 4 4 

SHAPE 2 2 2 2 

COLOUR (moist) 
.. 

HUE 8 8 8 8 8 

VALUE 2 4 2 5 5 

CHROMA 1 4 2 4 4 

COLOUR GROUP 1 2 1 2 2 

MOTTLING 

ABUNDANCE 0 0 0 0 

SIZE 

~ CONTRAST 

TEXTURE: SKELETAL ! 

~ VOLUME/SIZE 5 6 6 6 

WEATHERING 2 2 2 2 I 
SHAPE 41 41 41 41 

I 

LITHOLOGY 1 1 1 1 ! 

i 
TEXTURE: FINE EARTH 4 4 3 3 ! 

.J 
i 

CONSISTENCE (moist) 3 3 3 3 i .., 
I STRUCTURE J 

GRADE 5 4 4 3 ! 

SIZE 
3/2 3/2 3L2 2 

TYPE 
4/5 3/4 3 3 

, 
I 
I -, 

ROOTS I 

~ ABUNDANCE I 
I 

3 2 1 1 ...i 

SIZE 
2 2 :--._2_ 2 ~ --

NOTES 

I 

NA - not applicable 



286. 

DESCRIPTION CARD SOIL PROFILE CLASS NO. 1.1.2 

GENERAL INFORMATION 

LOCATION COOPERS CREEK RESEARCH AREA 

GRID REF. S75 553 896 

CODE NO. 37 

ELEVATION est. 370m 

SITE DESCRIPTION 

LAND FORM Hillslope 

SLOPE ANGLE 280 

SLOPE PROFILE Toes lope 

MICROTOPOGRAPHY Even 

DESCRIBED BY PJT 

ASPECT North 

SLOPE CONTOUR Nose 

DATE 5/1/72 

REGOLITH: DEBRIS MANTLE Coarse colluvium, siltstone and sandstone 
stones and gravel 

BEDROCK Fractured, indurated siltstone 

VEGETATION Grassland 

SOIL PROFILE SYSTEM 

TEXTURE PROFILE FORM 

SKELETAL: Uniform (slightly skeletal) 

FINE EARTH: Uniform (silt loam) 

STRUCTURE PROFILE FORM Epipedal (granular) 

REDOX PROFILE FORM Oxidised Aerie 

SOIL HORIZON SEQUENCE/THICKNESS 

Horizon Ah 

Thickness (em) 10 

DEPTH OF SOLUM 10 em 

SOIL SAMPLES (None) 

R 

10+ 



287. 

SOIL PROFILE DESCRIPTION 
t-_~ _-. 

1 2 3 4 5 6 
: -, 

SOIL HORIZON 
SYMBOLS Ah R 

HORIZON 

DEPTH (cm) 0-10 NA 
'IHICKNESS (cm) 10 10+ 
DISTINCTNESS 2 NA ~--

SHAPE 3 NA 

COWUR (moist) 

HUE 8 8 8 

VALUE 3 4 3 
CHROMA 4 3 1 

COLOUR GROUP 2 2 1 

MOTTLING 

ABUNDANCE 0 0 
SIZE 

CONTRAST 

TEXTURE: SKELETAL 

VOLUME/SIZE 115 NA 
WEATHERING 2/3 3/4 J 
SHAPE 41 NA J 
LITHOLOGY 2/1 2 ! 

j 
I TEXTURE: FINE EARTH 4 NA J 
i 

CONSISTENCE (moist) 2/3 NA I 

STRUCTURE J 
GRADE 4 NA I 
SIZE 2 NA 
TYPE 5/4 NA 

ROOTS 

ABUNDANCE I 
0 1 

SIZE 2 NA 
--

NOTES I 

NA - not applicable 



288. 

DESCRIPTION CARD SOIL PROFILE CLASS NO. 1.4.1 

GENERAL INFORMATION 

LOCATION MT PLEASANT, HUNUA 

GRID REF. S68 957 146 ELEVATION est. 340m 

CODE NO. 38 

SITE DESCRIPTION 

LAND FORM HHlslope 

SLOPE ANGLE 300 

SLOPE PROFILE Backslope 

DESCRIBED BY PJT DATE 11/11/81 

ASPECT South 

SLOPE CONTOUR Nose 

MICROTOPOGRAPHY Uneven, stepped, numerous bedrock outcrops 

REGOLITH: DEBRIS MANTLE Coarse colluvium, sandstone boulders and stones 

BEDROCK Fractured, indurated sandstone 

VEGETATION Shrub and Grassland 

SOIL PROFILE SYSTEM 

TEXTURE PROFILE FORM 

SKELETAL: Uniform (very skeletal) 

FINE EARTH: Uniform (silt loam) 

STRUCTURE PROFILE FORM Epipedal (granular) 

REDOX PROFILE FORM Oxidised Aeric 

SOIL HORIZON SEQUENCE/THICKNESS 

Horizon Ah 

Thickness (cm) 30 

DEPTH OF SOLUM 30 cm 

SOIL SAMPLES (None) 

R 

10+ 



289. 

SOIL PROFILE DESCRIPTION 

1 2 3 4 5 G , 

SOIL HORIZON 
SYMBOLS Ah R 

HORIZON 

DEPTH (cm) o 30 NA 
THICKNESS (cm) 30 10+ 

DISTINCTNESS 1 NA 
--

SHAPE 3 NA 

COLOUR (moist) 

HUE 8 7 9 

VALUE 3 4 5 

CHROMA 2 4 1 

COLOUR GROUP 1 2 6 

MOTTLING 

ABUNDANCE 0 0 

SIZE I 

CONTRAST 

TEXTURE: SKELETAL ! 

VOLUME/SIZE 7/11 NA 
WEATHERING 2/3 2/3 

SHAPE 41 NA 
LITHOLOGY , 1 1 

j 
TEXTURE: FINE EARTH 

, 
-.J 

I 
CONSISTENCE (moist) 3 NA i , 
STRUCTURE I 

GRADE 5 NA ! 
SIZE 2 NA 
TYPE 5 NA 

ROOTS I 

I 
: ABUNDANCE 3 0 

SIZE 2 NA 
-

NOTES 

NA - not applicable 



290. 

DESCRIPTION CARD SOIL PROFILE CLASS NO. 2.1.4 

GENERAL INFORMATION 

LOCATION WYNDALE HILLS 

GRID REF. S74 355 694 

CODE NO. 39 

ELEVATION est. 410m 

SITE DESCRIPTION 

LAND FORM Hillslope 

SLOPE ANGLE 28
0 

SLOPE PROFILE Shoulder 

MICROTOPOGRAPHY Even 

DESCRIBED BY PJT 

ASPECT South 

SLOPE CONTOUR Nose 

DATE 19/1/73 

REGOLITH: DEBRIS MANTLE Coarse colluvium, sandstone stones and gravel 

BEDROCK Fractured, indurated sandstone 

VEGETATION Shrub and Grassland 

SOIL PROFILE SYSTEM 

TEXTURE PROFILE FORM 

SKELETAL: Uniform (slightly skeletal) 

FINE EARTH: Gradational positive (silt loam to clay loam) 

STRUCTURE PROFILE FORM Isopedal (blocky) 

REDOX PROFILE FORM Oxidised Aeric 

SOIL HORIZON SEQUENCE/THICKN~SS 

Horizon Ah 

Thickness (cm) 22 

DEPTH OF SOLUM 44 cm 

SOIL SAMPLES (None) 

Bw 

22 

R 

10+ 



SOIL PROFILE DESCRIPrION 

1 

SOIL HORIZON 
SYMBOLS Ah 

HORIZON 

DEPTH (cm) 0-22 

THICKNESS (cm) 22 

DISTINCTNESS 3 

SHAPE 2 

COLOUR (moist) 

HUE 8 

VALUE 4 

CHROMA 2 

COLOUR'GROUP 2 

MOTTLING 

ABUNDANCE 0 

SIZE 

CONTRAST 

TEXTURE: SKELETAL 

VOLUME/SIZE 1/5 

WEATHERING 4/3 

SHAPE 31/41 

LITHOLOGY 1 

TEXTURE: FINE EARTH 4 

CONSISTENCE (moist) 3 

STRUCTURE 

GRADE 5 

SIZE 2 

TYPE 4 

ROOTS 

ABUNDANCE I 
3 

SIZE 2 

NOTES 

NA - not applicable 

2 3 4 

Bw R 

22-44 NA 

22 10+ 

1 NA 

3 NA 

8 NR 

5 NR 

4 NR 

2 NR 

0 0 

1/5 NA 

3/2 2 

41 NA 

1 1 

5 NA 

4 NA 

4 NA 

2/3 NA 

3 NA 

1 0 

2 NA 

I 
NR - not recorded 

5 6 , -. 

I 

I 
---i 

i 
i 

i 
I 

I 
1 
~ 

.-

291. 

! 
!'; 
f.. 
i 
! 

'-



292. 

DESCRIPTION CARD SOIL PROFILE CLASS NO. 2.2.4 

GENERAL INFORMATION 

LOCATION COOPERS CREEK RESEARCH AREA 

GRID REF. S75 555 894 

CODE NO. 40 

ELEVATION est. 400m 

SITE DESCRIPTION 

LAND FORM Hillslope 

SLOPE ANGLE 150 

SLOPE PROFILE Backslope 

MICROTOPOGRAPHY Uneven 

DESCRIBED BY PJT DATE 2/2/72 

ASPECT South 

SLOPE CONTOUR Nose 

REGOLITH: DEBRIS MANTLE Coarse colluvium, sandstone stones and gravels 

BEDROCK Fractured, indurated sandstone 

VEGETATION Grassland 

SOIL PROFILE SYSTEM 

TEXTURE PROFILE FORM 

SKELETAL: Duplex positive (slightly on moderately skeletal) 

FINE EARTH: Gradational positive (silt loam to clay loam) 

STRUCTURE PROFILE FORM Bipedal (granular on blocky) 

REDOX PROIFLE FORM Oxidised Aeric 

SOIL HORIZON SEQUENCE/THICKNESS 

Horizon Ah 

Thickness (cm) 22 

DEPTH OF SOLUM 38 cm 

SOIL SAMPLES (None) 

Bw 

16 

R 

10+ 



293. 

SOIL PROFILE DESCRIPTION 

1 2 3 4 5 
I -, 

SOIL HORIZON 
Ah Bw R 

SYMBOLS 

HORIZON 

DEPTH (em) 0-22 22-38 NA 

THICKNESS (em) 22 16 10+ 

DISTINCTNESS 3 1 NA 

SHAPE 2 3 NA 

COLOUR (moist) 

HUE 8 10 8 9 

VALUE 4 6 3 6 
CHROMA 2 2 2 1 

COLOUR GROUP 2 .6 1 1 
~ 

MOTTLING 

ABUNDANCE 0 0 0 

SIZE 

CONTRAST 

TEXTURE: SKELETAL 

VOLUME/SIZE 1/5 2/6 NA 

WEATHERING 2/3 2/3 2 

SHAPE 41/21 41/21 NA 

I LITHOLOGY 1 1 1 I 

TEXTURE: FINE EARTH 4 5 NA I 
-.J 

i 
CONSISTENCE (moist) 3 4 NA i 

STRUCTURE I 
GRADE 5 3 NA 

SIZE 2/3 2 NA 

TYPE 5/4 3 NA I 

ROOTS 

ABUNDANCE I 

0 I 3 1 

SIZE 2 2 NA 
.-

NOTES 

NA - not applicable 



294. 

DESCRIPTION CARD SOIL PROFILE CLASS NO. 3.1.2 

GENERAL INFORMATION 

LOCATION EAST MIDDLE, HUNUA 

GRID REF. S68 697180 ELEVATION est. 580m 

CODE NO. 41 

SITE DESCRIPTION 

r 

LAND FORM Hillslope 

SLOPE ANGLE 50 

DESCRIBED BY PJT DATE 30/11/81 

ASPECT South 

SLOPE PROFILE Headslope 

MICROTOPOGRAPHY Even 

SLOPE CONTOUR Hollow 

REGOLITH: DEBRIS MANTLE Coarse colluvium, sandstone stones and gravels 

BEDROCK Fractured, indurated sandstone 

VEGETATION Grassland 

SOIL PROFILE SYSTEM 

TEXTURE PROFILE FORM 

SKELETAL: Uniform (slightly skeletal) 

FINE EARTH: Uniform (silt loam) 

STRUCTURE PROFILE FORM Bipedal (granular on blocky) 

REDOX PROFILE FORM Oxidised Aeric 

SOIL HORIZON SEQUENCE/THICKNESS 

Horizon Ah 

Thickness (cm) 20 

DEPTH OF SOLUM 55 cm 

SOIL SAMPLES (None) 

Bw 

35 

R 

10+ 
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SOIL PROFILE DESCRIPTION 

1 2 3 4 5 G 
J -, 

SOIL HORIZON 
Ah SYMBOLS 

Bw R 

HORIZON 

DEPTH (cm) 
0-20 20-55 NA 

THICKNESS (cm) 
2Q 30 10+ 

DISTINCTNESS 
3 1 NA 

SHAPE 
2 3 NA 

COLOUR (moist) 

HUE 
8 8 8 9 

VALUE 
3 4 4 Q 

CHROMA 
2 4 3 2 --

COLOUR GROUP 
1 2 2 6 

MOTTLING 

ABUNDANCE 
0 0 0 

SIZE 

CONTRAST 

TEXTURE: SKELETAL 

VOLUME/SIZE 1/5 1/5 NA 
WEATHERING 

3 3 2/3 J 
SHAPE 

41/31 41/31 NA -' : LITHOLOGY 
1 1 1 

I 
TEXTURE: FINE EARTH 4 4 Nl\ J 

I 
CONSISTENCE (moist) 

3 4 NA 
J 

STRUCTURE J 
GRADE 5 5 NA ! 

SIZE 
3/2 2 NA 

TYPE 
5/4 3 NA 

ROOTS 

ABUNDANCE I 

0 3 1 
SIZE 

2 2 I NA 
-

NOTES 

NA - not applicable 
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DESCRIPTION CARD SOIL PROFILE CLASS NO. 5.2.4 

GENERAL INFORMATION 

LOCATION COOPERS CREEK RESEARCH AREA 

ELEVATION est. 400m GRID REF. S75 556 896 

CODE NO. 42 DESCRIBED BY PJT DATE 6/1/72 

SITE DESCRIPTION 

LAND FORM Hillslope 

SLOPE ANGLE 240 

SLOPE PROFILE Footslope 

MICROTOPOGRAPHY Uneven 

ASPECT North 

SLOPE CONTOUR Hollow 

REGOLITH: DEBRIS MANTLE Coarse colluvium, sandstone stones and gravels 

BEDROCK NA 

VEGETATION Rushes 

SOIL PROFILE SYSTEM 

TEXTURE PROFILE FORM 

SKELETAL: Duplex positive (slightly on moderately skeletal) 

FINE EARTH: Duplex positive (silt loam on clay loam) 

STRUCTURE PROFILE FORM Epipedal (nut) 

REDOX PROFILE FORM Hypoaquic 

SOIL HORIZON SEQUENCE/THICKNESS 

Horizon Ah 

Thickness (cm) 30 

DEPTH OF SOLUM 30 cm 

SOIL SAMPLES (None) 

Cg 

30+ 
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SOIL PROFILE DESCRIPTION 

1 2 3 4 5 G 
i -, 

SOIL HORIZON Ah Cg 
SYMBOLS i 

HORIZON 

DEPTH (cm) 0-30 NA 

THICKNESS (cm) 30 30+ 

DISTINCTNESS 2 NA 

SHAPE 2 NA 

COLOUR (moist) 
-

HUE 8 14 

VALUE 3 4 

CHROMA 2 1 

COLOUR GROUP 1 NA 

MOTTLING 

ABUNDANCE 0 0 

SIZE 

CONTRAST 

TEXTURE: SKELETAL 

VOLUME/SIZE 1/5 2/6 

WEATHERING 2 2 . 
SHAPE 41 41 

LITHOLOGY 1 1 ; 
I 

TEXTURE: FINE EARTH 4 5 ! 
-1 

i 
CONSISTENCE (moist) 4 4 l 

STRUCTURE i 
GRADE 3 2 

SIZE 3/2 NA 

TYPE 4 NA 
! 

ROOTS 

ABUNDANCE I 4 0 . 
: 

SIZE 3/2 NA 
-

NOTES I 

NA - not applicable 



6.0 A STUDY OF SOIL DEVELOPMENT AND DISTRIBUTION WITHIN 

THE HURUNUI AND HALDON STEEPLAND SOILS, 

CANTERBURY, NEW ZEALAND. 

PART FOUR: SOIL CHEMISTRY AND CLAY MINERALOGY 

6.1 SUMMARY 
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In this study a stratified sampling scheme was used to assess 

the chemical and mineralogical variation within and between soil 

profiles arrayed in catenary transects on south and north aspects. 

Emphasis was placed on the assessment of soil landscape relationships, 

and the component first order valley basins on respective south and 

north aspects were regarded as separate soil landscape systems. 

The distribution of sampled soil profiles within each soil landscape 

system resulted in either unequal or no replicate sampling of 

previously defined soil profile classes. Similarly there is limited 

replication of soil profiles sampled from within the aspect and slope 

profile and contour strata, from Coopers Creek Research Area, and 

none from Mt Pleasant, Hunua. 

Soil chemical and mineralogical data are presented as soil 

profile depth trends. In discussing the data emphasis is placed on 

the variation of any given property within soil profiles as 

representative of the changes within or between slope strata and 

between aspects. The following properties were determined; pH, 

organic carbon, total nitrogen, cation exchange and exchangeable 

cations, acid ammonium oxalate-extractable aluminium and iron, 

0.5 H2S04-soluble and organic phosphorus and phosphate retention. 

Tbtal phosphorus, sulphur, calcium and zirconium were determined 

only on samples from Coopers Creek Research Area by X-ray fluorescence. 

From this same area, reserve potassium was measured on only four soil 

profiles and clay mineralogy determined (by x-ray diffraction) on 

selected samples from 12 soil profiles. Of the properties listed 

most were of value in interpreting pedogenic relationships within and 

between slope strata and aspects, and between the two detailed study 

areas. The exceptions were organic carbon, and nitrogen, and in 

particular cation exchange capacity and base saturation as determined 
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by the conventional method of leaching with 1M NH40Ac at pH 7. 

The results showed that the soil landscape systems represented by the 

south and north aspects of Coopers Creek Research Area could be 

typified by Umbric Dystrochrepts in catenary association with 

Aquic Hapludolls and/or Typic Haplumbrepts. The soil catenary 

relationships were strongly evident on the south aspect, which was 

at a slightly less advanced stage of soil leaching and development 

than was the north aspect soil landscape system. Lithic Dystrochrepts 

were a subdominant taxon on nose strata. All soil taxa had the 

same family criteria, i.e. loamy skeletal mixed mesic. In contrast, 

the south and north aspect soil landscape systems of Mt Pleasant, 

Hunua, were typified by Typic Hapludolls in hollow strata and 

Lithic Hapludolls on nose strata. Both soil taxa had loamy skeletal 

mixed mesic family criteria. The results were consistent with soil 

development models on felsic mineral materials under conditions of 

acidification and leaching. Comparison of the data from this study 

with that of Cuff (1973) and MacIntosh et al., (1981) led to the 

following conclusions: 

Annual rainfall (mm) 

----7oo----------------------~ .. __ ------------1200--------1400 

Typic 

Hapludolls 

Comparable 

on both south 

and north 

aspects 

Increasing stage of soil leaching 

and development ... 

stage of soil leaching anq development 

in relation to aspect 

More advanced 

on the south 

aspect 

Umbric 

Dystrochrepts 

More 

advanced 

on the 

north aspect 
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6.2 INTRODUCTION 

The analysis of soil profile class distribution, described 

in Chapter 5.0, showed a relatively simple soil pattern, uncomplicated 

by soil periodicity. As previously discussed in section 2.3.7, this 

suggests that both the Hurunui and Haldon associations are suitable 

for studying soil development in relation to slope position and 

aspect. Ideally in such a study the trends of soil chemical and 

mineralogical properties are of interest, both within individual 

soil profiles and between profiles arrayed in catenary sequences. 

With the realisation of the significance of soil variability, 

estimates of the variance of soil chemical properties, within 

identified soil proifle classes and/or soil mapping units should 

ideally be established. 

studies of soil variability (Beckett and Webster, 1971; 

Lee et al., 1975; Adams and Wilde, 1976b) indicate that for 

different groupings of soil chemical properties, from 10 to >100 

replicates would be required to estimate the population mean at the 

85% confidence interval. The study of Gibson et al. (1983) 

demonstrates that soil mapping unit variability can be reliably 

estimated only from a fully representative sample (62 soil profiles 

in the study cited). If soil profile depth trends are of interest, 

as well as the variation of surface soil properties, then the 

number of soil samples required to achieve a statistical estimate 

of the variance and of population mean (either for soil profile 

classes or soil mapping units) rapidly becomes unmanageable. In 

the study of the westmere sil loam-soil mapping unit (Adams and Wilde, 

1976b; Gibson et al., 1983) a combined total of 3432 chemical analyses 

were made on 312 samples from 62 sampled soil profiles. 

The sampling scheme used in this study (refer section 3.6.4) 

was designed to assess the soil chemical and mineralogical changes 

both within and between soil profiles, arrayed in catenary transects 

on both north and south aspects. This resulted in 3226 soil chemical 

analyses on 183 samples from 36 soil profiles. While the total 

number of analyses is comparable with those undertaken in the 

westmere silt loam study, the number of soil profiles is less. 



301. 

In aadition, the distribution of sampled soil profiles (with respect 

to, slope strata, aspect and between the two study areas) further 

reduced to 6 or less the number of replicates, sampled in the same 

depth increments, within anyone landscape body, or for any soil 

profile class. Between 4 and 6 replicates occurred in only· three 

soil profile classes. These were the only classes for which an 

estimate of variability of soil chemical properties was made. This 

lack of replication, imposes a limitation which should be kept in 

view, when assessing the results of this study. 

The soil chemical and mineralogical data are presented 

diagrammatically, as soil depth profile trends. For each study 

area data are grouped into nose and hollow transects on north and 

on south aspects. These soil depth profile trends are interpreted 

with reference to the models of soil development reviewed in 2.2. 

6.3 STUDY SITES 

The results are presented for the two detailed study areas, 

representing the Hurunui and Haldon associations. These areas are described 

in 3.~.0. Field descriptions of site and morphology of sample 

soil profiles are recorded in Appendix 2, section 5.7.2. 

6.4 ANALYTICAL METHODS 

All soil samples were air-dried and sieved to remove the >2mrn 

fraction. The <2mrn fraction was crushed with a hand roller and 

subsampled for chemical and mineralogical analysis. A subsample was 

ground to <150j.Jm in a tungsten carbide mill, for those analyses 

requiring a finely ground material. The chemical methods of analysis 

used are described in Blakemore et al. (1981) unless otherwise 

stated. Organic carbon was determined using the high frequency 

induction furnace method for the samples from Coopers Creek, and a 

modified colorimetric determination for those from Mt Pleasant 

(as described in Blakemore et al.). The following method adapted 

from Soil Survey Investigation Report No.1 method 6G2 was used to 

determine KCl extractable ('exchangeable') aluminium and hydrogen. 

109 of <2mrn,soil was added to SOml of 1M. KC1, left for 16 hours, 

filtered, leached with a further 50ml of 1M KC1. The combined 
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extracts were made up to 100ml. An aliquot was titrated with 0.01 M 

NaOH, to give KC1-extractable [ Al + H]. An excess of NaF was added, 

and the hydroxyl released titrated with 0.01 M HCl to give 

KC1-extractable aluminium. KC1-extractable hydrogen as found by 

difference. The negative charge of selected soils was determined 

using unbuffered 0.5 M CaC12. 109 of air dry soil was leached with 

230 ml of 0.5 M CaC12, washed with 150ml of Ethanol, and then 

leached with 230ml of 0.5 M MgC12. The MgC1 2 leachate was made to 250ml. 

A 2ml aliquot was made to 50ml after addition of 2ml of 40,000~g/g 

SrC12 in HC1, to release all phosphate bound calcium. Calcium 

concentrations were determined by atomic adsorption. Acid 

oxalate-extractable aluminium and iron were determined using the 

method of Schwertmann (1964) as modified by McKeague and Day (1966). 

Tbtal; phosphorus, sulphur, calcium and zirconium was determined by 

X.R.F. on <150~m material. Powdered samples were pressed into 

pellets with a boric acid backing and edge. Standards for X.R.F. 

determinations were as follows: (a) Tbtal phosphorus, Na2C03 fusion 

analyses of selected soil samples from Coopers Creek; (b) total 

sulphur, standards from Livingstone (1973), (c) total calcium, 

samples spiked with x + 3%, x + 2%, and x + 1% calcium as calcium 

sulphate; and (d) total zirconium, standards from Livingstone 

(1982). The modified background-ratio method of Livingstone (1982) 

was used to correct the X.R.F. data obtained on a Phillips PW 1540 

spectrometer. Total element analyses on three bedrock regolith 

samples were determined by X.R.F. (Phillips PW 1400 spectrometer) 
. . NoYriflh 

on powder pellet and l~thium borate fus~on beads (itb,LL .. and 

Chappell, 1977). 

Clay fractions from selected soil samples were prepared for 

x-ray diffraction analysis by methods adapted from Jackson (1956). 

Organic matter was oxidised using 30% H202 at pH 5, then samples 

were washed with distilled water. Calgon was added to aid 

dispersion and the clay fraction « 2~m) separated by repeated gravity 

sedimentation. Suspended clays were flocculated using NaCl, and 

then washed free of excess salts. Potassium and magnesium saturated 

clays were prepared. The former were x-rayed at room temperature, and 

following heating to 350°C and 550°C, and the latter clays at room 

temperature after glycerol solvation. Oriented clay samples were 

sucked onto ceramic tiles and x-rayed using Mn filtered Fe-Ka radiation. 



Clay mineral species and intergrades were identified from 

diffractograms using diagnostic basal reflections (Brown, 1972; A.S. 

Campbell, 1975; Churchman, 1978, 1980). 

° Micaceous clay minerals are recognised by a sharp lOA peak and its 

integral series of higher order reflections, that do not shift on 

varying the exchangeable cation, with glycerol solvation, or upon 

heating at 550°C. 

° Vermiculite expands to a 14A peak on glycerol solvation of the 

° magnesium saturated clay which collapses to a sharp lOA peak on 

potassium saturation and heating to <350°C. In contrast to 

chlorite (especially iron rich species), vermiculite has a very 

° weak 7A peak. 

Chlorites are recognised by an integral series of peaks associated 

° with a basal spacing of 14A, that show no expansion,of glycerol 

solvation of the magnesium saturated clay, or collapse of the 

potassium saturated clay on heating to 550°C. Heating at 550°C 

sharpens the first order peak and increases its intensity, whereas 

the intensity of the higher order spacings decreases. 

2:1-2:2 AI-intergrade clays (chloritised vermiculite and pedogenic 

° chlorite) are characterised by a sharp, high intensity 14A peak 

° that graduahly collapses toward a broad lOA band on heating to 

progressively higher temperatures (350°C and 550°C). Complete 

° collapse to a sharp lOA peak does not occur on heating, nor does 
o 

the 14A peak intensify. The properties of the intergrade are 

therefore intermediate between those of vermiculite and aluminium 

chlorite and its resistance to collapse on heating results from the 

presence of hydroxyalumina in the interlayer spaces. In this study 

these 2:1-2:2 AI-intergrade clays are described as vermiculite

aluminium chlorite intergrades. These include vermiculite and 

Al-chloritic end members which together with the 'middle' intergrade 
o 

are recognised by the change in symmetry of the broad 11-12A peak 

of the potassium saturated clays on heating. 

° Quartz was identified from the (100) peak at 4.26A. 
o 

Feldspars are recognised by peaks between 3.18 and 3.24A. 

A semiquantitative estimate of the abundance of clay minerals was 

determined by inspecting x-ray diffractograms and visually judging 

diagnostic peak area relationships after the procedure described by 

Campbell (1975). 
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6.5 RESULTS AND DISCUSSION 

6.5.1 Presentation of results 

Soil chemical data for 36 sampled soil profiles from the 

Coopers Creek Research Area and from Mt Pleasant, Hunua, are 

tabulated in Appendix 3, section 6.8. For ease of comparison and 

interpretation these data are presented as soil chemical property 

versus soil depth plots. Where complete data sets are available, 

the graphical plots are grouped into; north and south aspects, and 

within each aspect into nose and hollow slope contour strata. 

3~. 

Within these groupings, the soil profiles representing each slope 

profile strata (shoulder/headslope, backslope, footslope) are 

indicated with symbols. Presentation of the data in this way 

emphasises the soil chemical-depth trends, and the comparisons 

related to'landscape position; within aspects, between aspects and 

between the two study areas. Only where soil profile classes are 

related in their distribution to a particular landscape body, will 

their relationship to soil chemical trends be evident. This is a 

result of the soil-landscape bias adopted in the presentation of data. 

If soil taxonomic considerations are relevant to the general 

interpretation of either soil chemical or clay mineralogical analyses, 

they will be noted. 

6.5.2 Soil chemical analayses 

In this section the results of soil chemical analyses are 

presented and discussed. 

6.5.2.1- Soil pH. Soil pH was measured in distilled water, 0.01 M 

CaC12 and for selected soils from the Coopers Creek Research Area in 

1.0 M KC1. The results for pH (H20) and pH (0.01 M CaC12) are shown 

in Figures 29, 30, 31 and 32, and those of pH (1.0 M KC1) are 

tabulated in Appendix 3 and were used to calculate ~pH values (Table 50). 

The results from the Coopers Creek Research Area show a 

tendency for pH (H20) to increase with soil profile depth. The 

spread of pH for nose strata soils is pH 4.5-5.0 in the surface 

horizon and rises to values between pH 5.2 to 5.5 at a depth of 30cm. 

Below this depth the trend is linear for most soil profiles. The 

range of pH (H20) values for all soil profiles of nose strata are 

similar on both north and south aspects. No catenary relationship is 

evident between the nose strata soil profiles. The main contrast 

lies in range of pH (H20) values and the soil profile depth trends, 
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when comparing soil profiles on nose with those in hollow strata, and 

also comparing the soil profiles in hollow strata on south and north 

aspects. The nose strata and hollow headslope soil profiles show 

similar depth trends on south and on north aspects. The depth trends 

of south aspect, backs lope and footslope soil profiles are 0.5 to 1 

pH units higher than heads lope profiles sampled on the same slope 

transect. This indicates a soil catenary relationship between the 

soil profiles of the nose strata (including the hollow-headslope) and 

the soil profiles of the hollow strata. A similar but less consistent 

soil catenary relationship, occurs on the north aspect. Comparison 

of the pH values of the surface (O-lOcm) samples indicates a lower 

surface pH on the north aspect and this was confirmed by soil 

fertility test analyses (Radcliffe, 1982). All surface soil samples 

(with the exception of hollow-footslope) are strongly acid (pH 4.5-5.2). 

This reflects both the leaching environment (1400mm annual rainfall) 

and soil development under former beech forest (Nothofagus solandri). 

The effect of a related species of Nothofagus on soil development 

has been reported by Campbell (1974). This study showed that lowering 

of surface pH below a threshold value (approximately pH (H20) 4.5). 

decreased the stability of iron and aluminium oxides and hydrous 

oxides, and of allophane. The result was a translocation from 

surface to subsurface horizons of iron and aluminium species. The 

translocation and subsoil accumulation of poorly ordered iron and 

aluminium complexes denotes a significant change in pedogenesis 

(Campbell, 1975; Churchman, 1980). Measurement of soil pH in dilute 

salt solutions (0.01 M CaC12) gives a more reproduceable result 

(than pH (H20)) but a consequence is the displacement of H+ and A1 3+ 

ions from the exchange complex. As a,result pH (0.01 M CaC1 2 ) yields 

lower (by 0.5-2.0 units) values than pH (H20). Comparison of soil 

pH-depth trends for the same soil profiles (Figures 29 and 30) shows 

the expected decrease in pH (0.01 M CaC12) with the differences 

between the two measurements of pH tending to increase with soil 

depth. 

The results from the Mt Pleasant, Hunua study area show an 

increasing pH (H20) and pH (0.01 M CaC12) with soil depth. The 

pH (0.01 M CaC1 2 ) values are between half and one pH unit lower in 

surface horizons and in excess of a unit lower in subsurface 

horizons when compared with the pH (H20) values. There is an 

obvious difference in depth trends between nose and hollow strata 

soil profiles related to shallow depth «30cm) of the former. 
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with so few soil profiles sampled, interpretations of differences in 

either pH (H20) or pH (0.01 M CaC12) between aspects are tentative. 

The tendency for surface soil (O-lOcm) pH's to be lower on the south 

aspect was confirmed by a more comprehensive soil fertility study 

(Tbnkin et al., 1982). 

Comparison of soil profiles from equivalent slope profile and 

contour strata shows that the soils from Mt Pleasant (Haldon 

association) have pH values 0.5 to 1.0 units higher than the soils 

from Coopers Creek (Hurunui association). This is a consequence of 

the different rainfall/leaching regimes of these two study areas, 

combined with the different vegetation histories and their influence 

on soil processes (sections 3.6.1 and 3.6.2). The apparent lack of 

soil catenary trends in pH, at Mt Pleasant, compared with the soil 

catenary relationships between nose and hollow strata at Coopers 

Creek, is indicative of the different leaching environments. The pH 

values in the dry north aspect hollow strata soil profiles from 

Mt Pleasant, were the highest recorded in this study (pH (H20) 

6.8 - 7.3). 

6.5.2.2 - 6pH Mekaru and Uehara (1972) have described a simple 

technique to determine whether a soil dominated by variable charge 

colloids has a net positive or a net negative charge. The method 

in~olves the measurement of the pH of the soil in water and a strong 

electrolyte solution such as 1.0 M KC1. The sign of the net charge 

of the soil is then the same as 6pH which is given by the 

expression: 6pH = pH (1.0 M KC1) - pH (H20). 

If the 6pH is positive, the soil pH (H20) is below the point of zero 

charge and the soil carries a net positive charge (Bell and Gillman, 

1978; Parfitt, 1980). Nitrate is sorbed only by those soils where 

6pH is either positive, or if negative tending to zero. Phosphate 

reacts with hydroxy-aluminium sites and is sorbed irrespective of 

the charge on the sites. Sulphate behaviour is intermediate between 

that of nitrate and phosphate. Black and Waring (1979) indicated 

that when 6pH was more negative than -1.5 there was a Qigh negative 

charge and no nitrate adsorption was likely to occur. The common 

situation is for weakly to moderately weathered soils derived from 

felsic mineral materials, to have a 6pH with a negative sign 

(New Zealand Soil Bureau, 1968; Vortman, 1980). 

In this study 6pH was determined for samples from six 

hollow strata soils from north and south aspects of the Coopers 

Creek Research Area (Table 50). 



ASPECT/ SOIL CODE SOIL HORIZON 

SLOPE STRATA NUMBER 0.1 0.2 0.3 0.4 0.5 0.6 

SOUTH 

Headslope 4 -1.1 -1.4 -i.6 -1.7 -1.6 -1.6 

Backslope 5 -1.1 -1.4 -1.7 -1.8 -2.0 -1.8 

Footslope 6 -1.0 -1.3 -1.8 -2.3 -2.1 -2.1 

NORTH 

Headslope 22 -1.0 -1. 3 -1.6 -1.6 -1.8 -1.7 

Backs lope 23 -0.9 -1. 3 -1. 7 -1. 7 -1.6 -1.8 

Footslope 24 -0.8 -1.1 -1.4 -1. 5 -1.6 -1.8 

Table 50. ~pH [pH(l.O M KCl) - pH(H20)] Coopers Creek Research Area 

All values are negative with Bw and Cu horizon samples (0.3 to 0.6) 

having ~pH values >-1.5. This result is in accordance with theory 

(Parfitt, 1980) and it is predicted that ~pH values for the soil 

profiles from Mt Pleasant, Hunua, will have negative values 

comparable with those given in Table 50. 
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6.5.2.3 - Organic Carbon The results for the Coopers Creek Research 

Area are shown in Figure 33, and for Mt Pleasant, Hunua, in Figure 34. 

Organic carbon values decrease with depth in all soil profiles. 

The surface (O-lOcm) increment of soil profiles from hollow strata 

have higher organic carbon values than those from nose strata. The 

organic carbon profile depth trends in soil profiles, from hollow 

strata at Mt Pleasant are similar to those 0; soil profiles nose 

strata at Coopers Creek. Of particular note are the low organic 

carbon values in the shallow soil profiles (soil profile form 1) on 

the north aspect at Mt Pleasant. There is a trend of decreasing 

organic carbon, with highest values in soil profiles from hollow 
.' 

strata at Coopers Creek, and lowest values in soil profiles of north 

aspect, nose strata at Mt Pleasant. Soil profiles from nose strata 

at Coopers Creek, and hollow plus south aspect nose strata at 

Mt Pleasant, have similar organic carbon values. This trend is 

interpreted as the result of a gradient of increasing soil water 

deficiency limiting plant growth (Radcliffe, 1982; Vartha et al., 

1982) and the accumulation of soil organic matter (Leamy et al., 

1974; Molloy and Blakemore, 1974; McIntosh et al., 1981; 
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McIntosh et al., 1983). For all these studies, data on the annual 

soil water balance is not available. The comparison of values of 

organic carbon (i.e. x.g of carbon per lOOg of the <2mm fine earth 

fraction) ignores the variation between soils in; bulk density, the 

relative volumes of the fine earth and skeletal constituents, and 

soil depth. These are all factors that affect the distribution and 

amount of organic carbon within the soil profile. The mean weights 

per unit volume (kg/m2 to 60cm) of organic carbon are compared for 

nose strata (here including nose plus hollow heads lope soil profiles) 

and for hollow strata (hollow backs lope and foots lope soils) from 

Coopers Creek (Table 51). No statistically significant relationships 

(at the 5% level) related to aspect or slope strata are indicated. 

BETWEEN BETWEEN STRATA WITHIN ASPECTS WITHIN STRATA BETWEEN ASPECTS 

ASPECTS 

NORTH SOUTH NORTH SOUTH NOSE HOLLOW 

n=12 n=12 NOSE HOLLOW NOSE HOLLOW NORTH SOUTH NORTH SOUTH 

8.4 8.6 9.1 9.6 9.0 7.8 9.1 9.0 9.6 7.8 
i2.5 i2.5 i2.6 il.4 i2.7 iO.7 i2.6 i2.7 il.4 I to.7 

NS NS NS NS NS 

Note: In calculating these means the following values for the fine earth 
bulk densities were used: Ah, 1.Okg/m3 ; Bw, 1.4kg/m3 . The heads lope soil 
profiles were inc~uded with the soils of the nose strata, givihg 8 soils 
in this strata and 4 in the hollow strata. NS - not significant at the 5% level. 

Table 51. Comparison of the mean (i standard deviation) weights per unit 

volume (kg/m2 to 60cm) of organic carbon - Coopers Creek Research Area. 

The inferences to be drawn from Table 51 are either that there are 

no differences in the amount of organic carbon when compared to 

60cm depth, or that there were too few soils in the sample taken 

to show a statistical difference. 

6.5.2.4 - Tbtal nitrogen The results for the Coopers Creek 

Research Area are shown in Figure 35, and for Mt Pleasant, Hunua, 

in Figure 36. Tbtal nitrogen values decrease with depth in all 

soil profiles. The highest values occur in the surface (O-lOcm) 

increment of soil profiles from the south aspect hollow strata 

and from the north aspect hollow footslope at Coopers Creek. 

In the same area total nitrogen-soil depth trends of the soil 

profiles on nose strata, are comparable to those soil profiles 
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in hollow strata from Mt Pleasant. The shallow soil profiles (soil 

profile form 1) on the north aspect nose strata, Mt Pleasant, have 
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low «0.3%) values for total nitrogen. These values are consistent 

with soil development on a dry site in a subhumid environment. The 

apparent pattern of increasing total nitrogen in surface soil horizons, 

from the driest site in a subhumid environment to a moist site in a 

humid environment is consistent with the results for organic carbon 

and with comparable regional studies (Molloy and Blakemore, 1974; 

McIntosh et al., 1981, 1983). Comparison of the mean weights per 

unit volume (kg/m2 to 60cm) of total nitrogen from Coopers Creek, for 

soil profiles from the nose strata plus hollow headslope, and from the 

hollow backslope and foots lope are given in Table 52. 

BE'IWEEN BE'IWEEN STRATA WITHIN STRATA 

ASPECTS WITHIN ASPECTS BE'IWEEN ASPECTS 

NORTH SOUTH NORTH SOUTH NOSE HOLLOW 

n=12 n=12 NOSE HOLLOW NOSE HOLLOW NORTH SOUTH NORTH SOUTH 

0.56 0.71 0.59 0.49 0.74 0.66 0.59 0.74 0.49 0.66 
±0.17 ±0.20 ±0.18 ±O.ll ±0.24 ±0.05 ±0.18 ±0.24 ±O.ll ±0.05 

NS NS NS NS * 

Refer to footnote on Table 51. NS - non significant at the 5~ level 

* - significant at the 5% level 

Table 52. Comparison of the mean (± standard deviation) weights per 

unit volume (kg/m2 to 60cm) of total nitrogen, 

Coopers Creek Research Area. 

The only significant difference (at the 5% level) was between the 

means of the hollow, backslope and footslope soils on the north and 

south aspects. The inferences to be drawn are the same as commented 

on for organic carbon; either there are no differences in weight 

per unit volume comparisons, except between hollow strata, or too few 

soils were sampled to indicate a statistical difference. 

6.5.2.5 - C/N ratio The results for Coopers Creek Research Area and 

Mt Pleasant, Hunua, are shown in Figures 37 and 38 respectively. The 

C/N ratios of Ah horizons (0-20cm) of all soil profiles are in the 

medium to high range (observed range 10 to 18) which is typical for 

mineral soils developing in subhumid to humid environments 
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(New Zealand Soil Bureau, 1968). The C/N ratios of the subsoil 

horizons (below 20cm) show a decrease to C/N ratios of 10 or less 

in the soil profiles from Mt Pleasant. In hollow strata subsoils 

on the north aspect, very low C/N ratios (between 5 and 7) may 

indicate the presence of inorganic nitrogen, but additional analyses 

were not undertaken to confirms its presence. The subsoils from the 

Coopers Creek show a wide range of values with some soil profiles 

showing a linear depth trend and others an increasing depth trend. 
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In addition there are also some erratic changes in the C/N ratio 

between successive samples. This may result from the errors in 

determining low values for total nitrogen as well as the method chosen 

to determine organic carbon in these soils. The induction furnace 

method used oxidises elemental carbon such as charcoal as well as 

soil organic matter (tJIetson et al., 1979). The soils from Coopers 

Creek were forested prior to 1898 when these forests were destroyed 

by fire. Macroscopic charcoals along former tree root systems, were 

observed in some soil pits. The probability of finely disseminated 

charcoal contaminants in some soil horizons is thus high. This may 

explain the variability in subsoil C/N ratios as the presence of a 
few mg of elemental carbon would have a pronounced effect on this 

ratio. The only soil to show a consistent decrease in C/N ratio with 

depth was the gleyed soil profile (soil profile form 5) from the 

south aspect, hollow footslope. The forest root remains in this soil 

were rotted and not charred, in contrast to the charred roots in other 

soils. An analysis of randomly selected surface (O-lOcm) soil samples 

from within slope stra~a (Radcliffe, 1982) at the Coopers Creek gave 

adjusted mean C/N values for the north and south aspects of 15.9 and 

14.2 respectively. 

6.5.2.6 - Cation exchange The cation exchange capacity; at a given 

solution pH and ionic strength, is a measure of the sum of permanent 

and variable negative charge on the surface of clay, oxide and 

organic soil constituents (Bell and Gillman, 1978). The permanent 

charge is caused by isomorphous substitution within mineral structures, 

whereas the variable charge arises from protonation and deprotonation 

of carboxyl and hydrox-aluminium and iron groups (van Olphen, 1963). 

The chemistry of surface charge, with the emphasis on variable charge, 

in soils has been reviewed by Bell and Gillman (1978), Bowden et al. 

(1980) and Parfitt (1980). For variably charged surfaces in soils, 

the magnitude of the negative charge, increases with an increase in 

pH and ionic strength (Barber and Rowell, 1972; van Raij and Peech, 1972). 
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For soils developing under aciqifying-leaching conditions there is 

an increase in variably charged poorly ordered oxidic constituents, 

especially in B horizons as soil development proceeds. The discrepancy 

between CEC measured at pH 7 and ionic strengths of 1 and the CEC 

measured at soil pH and ionic strengths approximating that of soil 

solution (~ < 0.005) increases with soil development (Black and 

Campbell, 1982). 

It has been shown for a selection of the soil profiles from 

Coopers Creek Research Area, that they have moderately to strongly 

negative ~pH values (Table 50). It is assumed that similar ~pH values 

would occur in soil profiles from Mt Pleasant, Hunua. Negative ~pH 

values indicate a net negative charge on exchange surfaces at soil pH. 

If this is a predominantly permanent net negative charge, then there 

will only be a small difference between the value of the CEC measured 

in 1 M NH40Ac at pH 7 and the CEC at the pH and ionic strength of the 

soil solution. It is recognised that an over-estimation of CEC using 

the traditional method (1 M NH40Ac at pH 7) has the result of markedly 

underestimating base saturation values and overestimating the 

exchangeable acidity (Bell and Gillman, 1978). In this study CEC 

was determined on all soils using 1 M NH40Ac at pH 7. These results 

will be discussed first and then the results of alternative methods 

of determining CEC will be considered. 

The results of CEC measured by 1 M NH40Ac buffered at pH 7 are 

shown for soil profiles from Coopers Creek Research Area in Figure 39 

and for Mt Pleasant, Hunua, in Figure 40. For the majority of soil 

profiles CEC 1 M NH40Ac decreases from high values (400-200 meq/kg) 

in surface horizons (O-lOcm and 10-20cm) to medium values (200-100 

meq/kg) in subsurface horizons. The relationship between the depth 

profile trend of organic carbon and CEC is well established 

(Syers et al., 1970; Campbell, 1975). The higher CEC 1 M NH40Ac 

values in the surface horizons can be attributed to the higher organic 

matter contents of the Ah horizons. The/highest values of CEC 1 M 

NH40Ac for the surface soil horizons occur in the soil profiles from 

hollow strata, at Coopers Creek. There is no difference between the 

range of values or depth trends of CEC (1M NH40Ac) in soil profiles 

of nose and hollow strata from Coopers Creek and those in the hollow 

strata at Mt Pleasant. Soil profiles on the north aspect nose strata 

from Mt Pleasant, (soil profile form 1) are distinguished by an 
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increase in CEC (1M NH40Ac) with depth. The shoulder soil profile on 

this aspect was noted for the presence of a highlY weathered siltstone 

bedrock regolith (R horizon) which crumbled to a silty clay. 

Similarly at Coopers Creek, the increase in CEC (1M NH40Ac) in 

the lowest soil horizons on the north aspect, nose backslope (Code No. 

20.5, 20.6, Appendix 3), correspond to an increase in clay in the 

matrix of the debris mantle regolith. 

An estimate of CEC at pH 8.2 was determined by the additi0n of 

the extractable acidity measured at pH 8.2 (Blakemore et al., 1981) 

and the sum of exchangeable bases displaced by 1M NH40Ac at pH 7. 

This procedure is used in some laboratories (Soil Survey Investigation 

Report, 1972 method 5A3a) as an estimate of variable charge in soils, 

and has been incorporated into proposals for soil taxonomy. It is 

included here only for the purpose of comparison, as it would appear 

to be of dubious interpretive value in the light of recent studies 

(Bell and Gillman, 1978; Black and Campbell, 1982). CEC was also 

determined at pH 7 using 1M NH40Ac and at soil pH using unbuffered 

0.5 M CaC12. Another estimate of the negative charge at soil pH was 

attained by the summation of 1 M KCl extractable aluminium and 

hydrogen and the 1M NH40Ac exchangeable bases. This has been 

termed the "effective CEC" by Kamprath (1970) and is considered to 

approximate the CEC at soil pH and ionic strength. It should be noted 

that although the aluminium extracted by 1M KCl is assumed to be 

exchangeable, it may include both exchangeable and non-exchangeable 

aluminium (Amadee and Peech, 1976). Lastly "field CEC" was estimated 

for selected soil horizons for which, CEC - 0.5M CaC12, acid 

oxalate-extractable aluminium and organic carbon values were 

available. "Field CEC" is an estimate of the negative charge at soil 

pH and ionic strength (~) of 0.005 and in this instance was calculated 

from the relationship between the negative charge, ionic strength 

and acid oxalate extractable aluminium plus organic carbon (Black and 

Campbell, 1982). Negative charge values determined by these methods 

are given in Tables 53 and 54 for selected soil profiles from south 

and north aspect, hollow strata, Coopers Creek Research Area. There 

is a significant correlation at the 1% level between "field CEC" 

and the "effective CEC" [E KCl (Al+H) + TEBJ with an almost 1:1 

relationship (Figure 41). Also shown is the significant correlation 

at the 1% level between "field CEC" and the negative charge measured 
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SLOPE 
NEGATIVE CHARGE (meg/kg) 

PROFILE 
CODE 

"Field L unbuffered buffered CEC 

STRATA 
NUMBER CEC" KC1(Al+H) 0.5M pH 7 pH 8.2 

jl=0.005 + TEB CaC12 1M NH40Ac 

Headslope 4.1 132 138 164 258 410 

4.2 - 92 - 195 300 

4.3 51 68 71 156 250 

4.4 - 67 - 220 260 

4.5 40 54 58 126 190 

4.6 - 53 - 125 180 

Backslope 5.1 124 121 154 255 380 

5.2 - 101 - 227 300 

5.3 80 92 100 182 250 

5.4 - 82 - 166 240 

5.5 72 83 92 171 230 

5.6 - 83 - 165 250 

Footslope 6.1 234 252 291 315 470 

6.2 - 161 - 206 320 

6.3 92 99 106 140 190 

6.4 - 79 - 117 130 

6.5 82 82 93 93 130 

6.6 - 85 - 89 130 

"Field CEC" (CEC O. 5M CaC12) - (S- x 1. 409) 

S 5.46 + 13.9 Alox + 1.87 Org C (Black and Campbell, 1982) 

CEC pH 8.2 Extractable acidity (pH 8.2) + TEB (Blakemore et al., 1981) 

Table 53. Negative charge data for selected soil profiles, south 

aspect, hollow, Coopers Creek Research Area. 
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SLOPE 
NEGATIVE CHARGE (meq/kg) 

PROFILE 
CODE 

"Field E unbuffered buffered CEC 

STRATA 
NUMBER CEC" KC1(Ah+H) 0.5M pH 7 pH 8.2 

]J=0.005 + TEB CaC12 1M NH40Ac 

Headslope 22.1 103 112 139 208 310 

22.2 - 79 - 153 220 

22.3 63 62 77 125 180 

22.4 - 61 - 139 180 

22.5 55 64 70 131 170 

22.6 - 66 - 134 180 

Backslope 23.1 139 123 168 262 370 

23.2 - 79 - 194 260 

23.3 45 57 61 125 170 

23.4 - 49 - 106 150 

23.5 40 48 55 135 160 

23.6 - 55 - 136 170 

Footslope 24.1 216 187 257 357 560 

24.2 - 121 - 230 350 

24.3 105 98 125 157 260 

24.4 - 96 - 168 210 

24.5 71 77 89 154 200 

24.6 - 69 - 154 210 

See footnote on Table 53. 

Table 54. Negative charge data for selected soil profiles, north 

aspect, hollow, Coopers Creek Research Area. 



300 

en 
...Y:: 
"""
D· 
0) 200 

, , 

E 

LJ 
W 

LJ 

LJ 
ill 100 
4-
~ 

~ 

[AJ y=1.06x-10.1 
r = 0.98 

significant at 1 % 

[ A) 

o 

0 ... 0 0 /0 
/0 <> / [B] 

013:> <> ./ 
..(l /0 

Q(u-' 0/<> 
,.,;: Lf:J ,0 <> 

riP /' S<> 

/0 
/' 

/' 

y=0.69x-31.5 
r = 0.91 

327. 

[B) 

s i 9 n i f i ( Q n t Q t 1 % 

// 
O+-~--~----~----~-----'~i----~----~I----~-----l 

o 100 200 300 400 

[A] 0 "effective (E (" 

l B] <> N H 4 0 A c - ( E ( (p H 7) 
lmeq/kg] 

Figure 41. Relationship between "field CEC" and 

(a) "effective CEC" 

(b) NH40Ac CEC(pH 7) 



328. 

in 1M NH40Ac. As indicated in Tables 53 and 54 and in the relationship 

shown in Figure 41, CEC (1M NH40Ac at pH 7) overestimates "field CEC". 

It is evident that a pH dependant variable charge component occurs in 

almost all of the soil samples examined. The exceptions are the 

lowermost samples from the soil profile of the south aspect ihollow 

footslope (Table 53, code numbers 6.5 and 6.6) which show little change 

in negative charge between CEC 1M NH40Ac, KCl(Al+H) + TEB, and "field 

CEC". These samples have very low organic carbons (0.2 and 0.3%) and 

the CEC values indicate the presence of a permanent negative charge. 

It is evident from the data presented (Tables 53 and 54) that 

the "effective CEC" is a better estimate of "field CEC" than the 

traditional CEC (1M NH40Ac). The soil profile depth trends of 

"effective CEC" are plotted for soil profiles from hollow strata on 

south and north aspects from Ooopers Creek and Mt Pleasant (Figure 42) . 

In contrast to the CEC (1M NH40Ac) soil profile depth trends, there 

is virtual separation of the "effective CEC" values when comparing 

the subsoil horizons (below 20cm depth) from the two study areas. 

There is a significant correlation at the 1% level (r = 0.64) between 

subsoil "effective CEC" and pH (0.01 M CaC12). The mean (±standard 

deviation) pH (0.01 M CaC12) for the subsoil horizons from Coopers 

Creek is S.0±0.4 and from Mt Pleasant, 5.S±0.4. The higher soil pH, 

and its effect on the pH dependant contribution to the development 

of negative charge, provides an explanation of the higher subsoil 

"effective CEC's" from Mt Pleasant. A correlation coefficient of 

0.64, explains 41% of the variability in the relationship between 

"effective CEC" and pH (0.01 M CaC12). Other factors influencing 

this relationship are, the amount and surface charge characteristics 

of soil organic matter, phyllosilicate clays and secondary oxides. 

The highest "effective CEC" values occur in the surface soil (O-lOcm) 

increments of hollow footslopes, Coopers Creek and hollow strata, 

Mt Pleasant, which are either moderately or slightly acid 

(pH(H20) 5.3 to 6.5) and have medium organic carbon values (4 to 10%). 

By comparison the surface soil increments from south aspect hollow 

heads lope and footslope, and north aspect hollow, Coopers Creek all 

have lower "effective CEC" values, medium organic carbon values and 

are strongly acid. This difference in "effective CEC" (Figure 42) 

illustrates the effect of soil pH on the development of net negative 

charge. 
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6.5.2.7 - Total exchangeable bases The soil depth profile trends of 

total exchangeable bases (1M NH40Ac, pH 7) for all soil profiles from 

Coopers Creek Research Area and Mt Pleasant, Hunua, are shown on 

Figures ,43 and 44 respectively. The exchangeable base cations (meqjkg), 

listed in decreasing order were, calcium, magnesium, potassium and 

sodium. For the respective values for individual profiles refer to 

the tables in Appendix 3. This order of dominance of the base cations 

is widely recognised in soils developing in slightly to moderately 

acid leaching environments in New Zealand (New Zealand Soil Bureau, 

1968). It results from the continued leaching of soils with low 

solute concentration rainwater, which removes monovalent cations, 

into solution more readily than the divalent cations (Schofield, 1947; 

Wiklander, 1964; Bolt and Bruggenwert, 1976; White, 1979). 

Total exchangeable bases decrease with profile depth in all 

soils except those on the north aspect nose strata of Mt Pleasant. 

The reverse trend in these shallow soil profiles (soil profile form 1) 

is caused in part by high to very high (38 to 108 meqjkg) exchangeable 

magnesium levels. Both the increase in total exchangeable bases and 

the relative accumulation of exchangeable magnesium (indicated by 

exchangeable calcium to magnesium ratios of <2) reflect the weakly 

leached status of these north aspect, nose strata soil profiles. 

The other soils with high to medium (250 to 70 meq/kg) total 

exchangeable bases are from south aspect nose and from both hollow 

strata at Mt Pleasant, and three soil profiles from the hollow 

footslope at Coopers Creek. In these soil profiles total exchangeable 

bases decrease from high (150-250 meqjkg) in the surface to medium 

(70-150 meqjkg) in the lowest increment sampled. The soil profiles 

from nose strata at Coopers Creek have, in contrast medium values for 

total exchangeable bases in the surface increment which decrease with 

depth in all but one profile to very low «30 meq/kg) values. At 

Coopers Creek the range of total exchangeable base values for 

successive depth increments is lower in the soil profiles from the 

north aspect nose strata than in those of the south. A catenary 

relationship is evident between the soil profiles of the nose strata 

plus hollow headslope, and the hollow backs lope and footslope on the 

south aspect (Figure 43). For the equivalent soil profiles on the 

north aspect catenary trends are at best weakly expressed. The soil 

profile depth trends of total exchangeable bases for the soil profiles 

from Mt Pleasant, however, show no catenary relationships. This 



T E B [m e q / kg) 
o 50 

o 
50 100 150 

-:_-.ll ___ .l..-.-.l_-'--_ _I 
-'II. / 

I -1, , 

E 
'::20-
..c. 
-t
D... 
QJ 

"'0 40 " 

o~~p;;-
/'1£;// 

<> /. -0,. 
//.,I'//'l,..O ,. 0 

/p' ~,. / I 

l;' 
<> 

o 
d 
I 

I 
I 

I 
I 

I 

/ 

I 
I , 

, 
/ 

P 

/ , 
,0 

I 

? , 
I 

I 
I , 

I 

<> 

I , 

60- {/ 
<> 

I 
I 
I 
I 
I 
I 

rJ \ I 
\ .... 0 <> 
\ \ I 
\ ' 1\ 80 I 

I 
I 
I 
I , 

o 
\ I 

I 

D~' " 

100 

0 

E 
~20 
..c. 
-t-
Cl. 
QJ 

"'0 40 

60 

80 

100 

I I 

~: <:-

0 

I 

nose 

SOUTH ASPECT 
50 100 

/, .... 
~~ 

/ // 
/ ............ I 
~/ I 

rn:i" d 
, I , 

' I I 
I I I 

I , I , 
I 

, I 

[j <> d 
I I / t ,// 

~V t t,&~o 1'1 
AI 

I I : 

// ~ ? 1\ 
I \ 
I \ 

\ 

tJ 
I 

I 
I 

I 
I 

0 , nose , 

NORTH ASPECT 

150 

o 

I 
I , 
\ 

SO 

/{ ..., 
hollow 

100 150 

~ ... 
~~ 

0'",,-, , 
I 

I 
I 

I 
I 

<> I 
I 
I 
I 
I 
I 

<> , 
I 

I 
I 

I 
I 

hollo\" 

shoulderl headslope 0 backslopeo footslope <> 

Figure 43. Total exchangeable bases (meq/kg), 

Coopers Creek Research Area. 

331. 

200 250 
l 1_----' 

200 250 



T E B [meq/I\g] 
1 0 0 150 200 o '- cL L1-~_"~ 

E 

.=: 20 

..c - -
~40J 

60 

80-

100 nose 

SOUTH ASPECT 

100 150 200 
o -1---1.'-- I I I 

\' E 
~20 
..c 

60 

80 

100 nose 

NORTH ASPECT 

250 SO 
I 

150 

hollow 

100 150 

,\ hollow 

shoulder! headslope 0 backslope 0 footslope <> 

200 

200 

Figure 44. Total exchangeable bases (meq/kg), r.1t Pleasant, 

Hunua. 

332. 



333. 

l T E B ] 
"effective [E[" x 100 

o 80 100 20 40 
o ."--......... _ . .J __ I _ ... J_ ... I_..o.-_J,,--.a.._,-~~ 

r20 
.c. 
4-
Cl. 
OJ 

U 40-
I 

~ 
I 
I 

60- I 
I 

\ , 
I , 
I , I 

I 

" ~ I , 
I , 
I , 

I , 80 
I , 

100 

~ 'g 
I \ 

\ 

/ \ 

[01 COOPERS CREEK RESEACH AREA 

o 20 40 60 80 100 20 40 60 80 100 

~20 

60 

80 

100 

o - --1.-,...... L 1 '.J{~ __ L.I _1..1 _1--'-' _'---1-1 _..l-..J 
'111\ ' II, o []X> <lJ G fJ <> <m> 
~~\ ~~ 

o Jk (:,T'" en <1'> 0 
---..:J'\~\ \ ~ 0 o~ :,1 

\ \ \ 0 
\ I' 

;\m oa~r 
. ~t • m + @> 

i \, ~1 

~11 :~~ 
I\~ 1~ 

[b] ~1t PLEASANT, HUNUA 
Hollow: headslope backslope 

SOUTH ASPECT 0 0 

footslope 
o 

NO RT HAS P E C T 0 a • 
Figure 45. Base saturation (%) 



implies that there has been insufficient leaching of soils to remove 

base cations and that any difference in total exchangeable bases is 

indicative of differences in "effective CEC" rather than the 

development of soil catenary relationships. 
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6.5.2.8 - Base saturation Base saturation is conventionally expressed 

as the ratio (~~~) x 100 with both T.E.B. and C.E.C. determined 

using 1M NH40Ac buffered at pH 7. The results of base saturation 

determined by this method are presented for all soils in the tables 

in Appendix 3. This method however is known to overestimate the 

soils negative charge when compared with "field CEC", and as a 

consequence the base saturation values are underestimated, as they are 

an artifact of the method. An alternative method for calculating 

base saturation is the ration ( T.E.B. ) x 100. Depth trends 
effective C.E.C. 

of base saturation calculated by the two methods are compared for soil 

profiles from hollow strata at Coopers Creek Research Area and at 

Mt Pleasant, Hunua, in Figure 45. The ratio using "effective CECil 

indicates that the cation exchange sites in soil profiles from 

Mt Pleasant are saturated with respect to the base cations, and not 

the 65 to 80% base saturation indicated by the conventional method." 

This emphasises the essentially non-leached status of these soils, 

and explains the lack of clearly recognisable catenary trends. 

Comparison of the two determinations of base saturation for the 

soils from Coopers Creek, shows that a catenary relationship between 

heads lope and footslope is evident on both aspects when base saturation 

is calculated from the "effective CEC". The high base saturation in 

the surface (O-lOcm) of these soils may result from the aerial acdition 

of calcium as superphosphate (refer to section 3.6.1). The base 

saturation of the Ah horizon is also maintained by nutrient uptake 

from lower horizons and the conservation of base cations by nutrient 

cycling. The soils in the eluvial components of the catena show a 

marked decline in base saturation with depth from extremely weakly 

leached (base saturation >80%) to only moderately leached (30-50%) 

in the lowest horizons sampled. The soils in the illuvial components 

of the catena are extremely weakly leached throughout the profile. 

6.5.2.9 - Acid ammonium oxalate-extractable aluminium and iron 

Schwertmann (1964) and McKeague and Day (1966) showed that acid 

ammonium oxalate in the dark extracts poorly ordered forms of 

aluminium and iron from soils. Exchangeable aluminium and hydroxy

aluminium from edge sites of clay minerals are probably dissolved by 



this reagent (Parfitt, 1978). Saunders (1965) established a 

relationship between acid ammonium oxalate-extractable aluminium and 

iron and the degree of weathering and leaching of sequences of 

New Zealand soils. Subsequent studies of soil development in 
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New Zealand (Molloy and Blakemore, 1974; Campbell, 1975; Ross et al., 

1977) have shown that oxalate-extractable aluminium and iron increase 

in amount with increasing soil development until the pH(H20) falls 

below 4.5 and thereafter the amounts present decline. All soils in 

these studies were developing on felsic mineral materials in an 

acidifying leaching environment. In particular these studies showed 

that the maximum accumulation of oxalate-extractable aluminium and 

iron was in the B horizon where the pH(H20) was, 5 to 5.5 and the 

corresponding pH(H20) of Ah and/or E horizons was <4.5. The 

progressive development of a B horizon buldge in the depth profile 

trend of oxalate-extractable aluminium and iron has been used 

(commonly in combination with other selective dissolution techniques 

for aluminium and iron) to distinguish stages of podzolisation, and 

as criteria for soil classification (McKeague and Daly, 1966; 

New Zealand Soil Bureau, 1968; Canada Soil Survey Committee, 1978; 

Loveland and Bullock, 1976; Campbell and Young, 1980; Herbauts, 1982). 

The results of oxalate-extractable aluminium and iron analyses 

on selected soil profiles from nose and hollow strata are tabulated 

in Appendix 3, and for those profiles for which complete data are 

available, as depth trends in Figures 46 and 47 respectively. The 

soil profiles from hollow strata from both south and north aspects of 

Mt Pleasant have very low values «0.4%) for both oxalate aluminium 

and iron. This minimal development of a soil profile depth trend is 

consistent with the soil chemical data presented thus far, which 

suggest that these are very weakly leached soils. The soil profiles 

from Coopers Creek however show an increasing trend of accumulation 

of oxalate aluminium in the B horizons. This trend is most obvious 

on the nose strata. In the hollow strata, the B horizon maxima has 

a smalie-r value and occurs in the lowermost depth increments. This 

may indicate a different depth distribution of similar amounts of 

oxalate aluminium. On the nose strata, high subsoil values are 

developed because profiles are shallower and are underlain by a 

relatively impermeable bedrock regolith. Depth trends for 

oxalate extractable-iron in soil profiles from Coopers Creek are 

similar within hollow and nose strata with the latter having slightly 
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higher values. The main contrast is between south and north aspects, 

with slightly higher value (0.4 to >0.6%) and B horizon maxima in 

the former and lower values «0.4%) and no accumulation in the B 

horizon in ;the latter. The seasonally moister conditions on the south 

aspect (Radcliffe and Lefever, 1981) may explain the slight B horizon 

.accumulation of oxalate extractable-iron. It should be emphasised 

however that values are in the low range for the soils on both aspects, 

when compared with more strongly leached soils formed on felsic 

mineral materials (Molloy and Blakemore, 1974; Ross et al., 1977). 

For soil profiles in the south aspect hollow strata, lowest values of 

both oxalate aluminium and iron occur in the gleyed footslope soil 

.(soil profile form 5). 

6.5.2.10 - Phosphorus The role of phosphorus in soil development has 

been reviewed in section 2.2.6. Studies by Walker (1965), Smeck 

and Runge (1971~), Smeck (1973) and Walker and Syers (1976) show 

that the redistribution of total phosphorus and changes in the amounts 

and forms of phosphorus are sensitive indicators of pedogenesis. 

In the present study total phosphorus was determined by Na2C03 

fusion (Syers et al., 1968) for selected (Appendix 3), and by 

X.R.F. on all soil profiles from Coopers Creek (Figure 48). Inorganic 

phosphorus extractable in 0.5M H2S04 (Saunders and Williams, 1955; 

Walker and Adams, 1958) was determined on all soil profiles from both 

Coopers Creek and Mt Pleasant (Figures 51, 52). It has been shown in 

studies of a wide range of New Zealand soils formed on felsic mineral 

materials, that H2S04-soluble phosphorus decreases with increasing 

soil development (Walker and Adams, 1959; Wells and Saunde::s, 1960; 
Iq65 

Walker, ~). In weakly weathered soils, comparable with those of the 

present study, H2S04-soluble phosphorus includes both acid extractable 

calcium phosphates and non-occluded secondary inorganic phosphates 

(Shah et al., 1968). Organic phosphorus was determined on all soils 

(Figures 53, 54) by a procedure which involves calculating the 

difference between H2S04-soluble phosphorus extracted from ignited 

and unignited samples of soil. The advantage of this method is that 

it employs the same extraction procedure as used to determine the 

acid soluble inorganic phosphorus. The ignition stage can result in 

losses by phosphorus by volatilisation, as well as positive errors 



from changes in the solubility of previously insoluble inorganic 

phosphates. An acceptabie level of agreement between this ignition 

method and alternative extraction methods as been found for weakly 

weathered soils (Williams et al., 1970). 
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The estimation of the change in soil phosphorus distribution, 

within individual soil profiles and between catenary sequences of 

soil profiles, requires an estimate of the initial phosphorus status 

and a basis for calculating relative losses or gains. Syers et al. 

(1970) have shown that significant changes in the forms of phosphorus 

occur within the bedrock regolith. The more weathered the bedrock 

the greater the transformation of primary acid extractable calcium 

phosphates to less soluble secondary inorganic phosphates. An 

estimate of the total element levels, including phosphorus in the 

bedrock regolith at Coopers Creek was obtained by X.R.F. analyses 

of slightly weathered medium sandstone, fine sandstone and siltstone 

samples (Table 55). These samples were from adjacent outcrops, 

recently exposed in an access road along the north aspect, footslope. 

~tal phosphorus increases as rock texture becomes finer. For the 

purpose of calculating either losses or gains of total phosphorus· 

during pedogenesis, an average of the three analyses (0.8 mg/g) was used as 

an estimate of the initial total phosphorus content of soil fine 

earth fractions. Ideally relative changes in soil constituents, 

such as total phosphorus should be compared between soils on the 

basis of weight per unit soil volume. Because of the stony nature 

of the soils studied, such comparisons were unreliable. As an 

alternative, comparative losses or gains of phosphorus may be 

estimated with respect to an internal insoluble standard. Various 

standards, such as quartz, titanium oxide, zirconium oxide and acid 

insoluble residues have been evaluated and of these the latter two 

seem to be most preferred (Sudom and St Arnaud, 1971; Evans and 
QQnc:/.o; 

Adams, 1975, Smeck and Wilding, 1980). ~tal zirconium was selected 

as the internal standard in this study and was determined for all 

soil profiles from Coopers Creek by X.'R.F. (Appendix 3, section 3.8.1). 

~tal zirconium values for the three bedrock regolith samples 

(Table 55) are remarkably consistent giving an average value of 

0.17 mg/g. ~tal titanium values, by comparison increase with 

increasing fineness of rock texture. Changes in the total phosphorus 

content of the soil profiles from the Coopers Creek are expressed 

as total phosphorus/total zirconium ratios (Figure 49) assuming an 



SAMPLE ELEMENT (mg/g) 

Si Al Fe Ca Mg K Na P 

201 326 80.4 29.1 12.3 9.7 20.4 31.6 0.5 

202 310 91.1 42.2 10.1 13.4 25.7 20.9 0.8 

203 277 111.3 54.0 12.1 16.4 36.4- 13.6 1.2 

201 Slightly weathered (grade II) medium sandstone 

202 Slightly weathered (grade II) fine sandstone 

Ti Zr 

3.7 0.18 

4.8 0.17 

6.3 0.17 

203 Slightly weathered (grade II) finely fractured siltstone 

340. 

Table 55. Total element analysis (XRF) of selected bedrock regolith 

samples from Coopers Creek Research Area. 

initial ratio of approximately 4.7. An additional comparison was 

obtained by calculating eluvial and illuvial coefficients for these 

same soil profiles (Figure 50) using a formula adapted from Muir 

and Logan (1982). 

eluvial/ill uvial coefficient 

.-oc;.\=; 
Zr (b I] % ,,) 

[ 
P (horizon) x Zr (trcEQH;ioo) -lJ 

I.> (rock) 

Negative and positive coefficients respectively indicate a 

percentage loss or gain. 

x 100 

The depth trends of total phosphorus for soil profiles 

sampled from the Coopers Creek (F~gures 48, 49 and 50) exhibit two 

patterns. 

Type (a), has the highest values and ratios of total phosphorus 

in the surface soil sample (O-lOcm), a decrease to a depth of 

40 to 50cm with little subsequence increase or decrease in 

the lower depth increments. It is assumed that either there 

is no removal, or that either any removal or accumulation of 

total phosphorus has been of a similar magnitude in both the 

middle and lower soil depth increments. 

Type (b), has a total phosphorus depth trend which is 

comparable with that of type (a) for the uppermost 40 to 50cm 

of the soil profile. The minimum values and ratios of total 

phosphorus occur in the middle, with an increase in the lower 

increments of the soil profile. It is assumed that the 
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relative loss of total phosphorus is greatest from the middle, 

or alternatively there has been a greater relative increase 

in the upper and lower soil increments. 

The higher values of total phosphorus in the surface depth increments 

is in part related to the accumulation of organic phosphorus (Figures 

54, 55) in the Ah horizons. Organic phosphorus and organic carbon 

are significantly correlated at the 1% level (r = 0.75). It is 

also noted that H2S04-soluble phosphorus also increases in the 

surface (O-lOcm) increment of the majority of soils sampled 

(Figures 51 and 52). The relative losses and gains, of total 

phosphorus inferred from the soil profile depth trends become more 

obvious when the ratio of total phosphorus to total zirconium 

(Figure 49) and the eluvial and/or illuvial coefficients of total 

phosphorus (Figure 50) are compared. These two methods of 

estimating losses or gains of total phosphorus during soil 

development, reinforce the contrasts between soil profiles of 

hollow and nose strata both within and between south and north 

aspects (see Figures 48, 49, 50). 

In the south aspect hollow strata a catenary relationship is 

evident between the soil profiles of the heads lope and those of the 

backs lope and footslope. Comparison of total phosphorus to total 

zirconium ratios (Figure 49) indicate a net loss of phosphorus from 

soil profiles of nose strata and hollow headslope, but there is a nett 

accumulation of phosphorus in the upper (0-20cm) increments of soil 

profiles of the hollow backs lope and footslope. The patterns of 

either loss or gain of total phosphorus in the lower depth increments 

of the soil profiles of the hollow strata are not consistent between 

replicates (Figure 49). Comparisons of eluvial and illuvial 

coefficients for the soil profiles from the south aspect (Figure 50) 

indicate catenary relationships within ~ hollow ~ ~ strata. 

The latter is in addition to the well defined catenary relationship 

between the soil profiles of the nose plus hollow headslope and 

those of the hollow backs lope and footslope. The eluvial/illuvia~ 

coefficients for total phosphorus in soil profiles of the south 

aspect nose strata and hollow heads lope become increasingly negative 

to a soil depth of 50cm. Below this depth coefficients increase in 
~wo 

some soil profiles, and in particular become positive in eHe backs lope 
O~~ 

and Ewe of the footslope soil profiles. These trends indicate a 

relative accumulation in the upper and lower depth compared with 
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greater loss of total phosphorus from middle increments of these 

soil profiles. Soil profiles of the south aspect hollow backs lope 

and footslope have positive coefficients indicating an accumulation 

of total phosphorus. These illuvial coefficients indicate a 

maximum accumulation in soil profiles, with type (b) depth trends, 

in the hollow backslope. In soil profiles of the hollow foots lope 

the illuvial coefficients become more negative (i.e. less positive) 

with soil depth. 
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The soil profiles on the north aspect nose and hollow strata 

have a narrower range and generally lower values for total phosphorus 

than soil profiles from equivalent south aspect strata (Figure 48) . 

On the north aspect type (a) soil depth profile trends typify the 

hollow and type (b) the nose strata (Figures 48, 49, 50). Within 

north aspect soil profiles, total phosphorus values are higher in 

the surface (0-20cm) increments of hollow soil profiles, similar in 

middle increments and higher in the lower increments of the nose 

soil profiles (Figure 48). This same pattern is evident in the 

north aspect soil depth trends of total phosphorus to total zirconium 

ratios (Figure 49), and total phosphorus eluvial/illuvial coefficients 

(Figure 50). All soil profiles on the north aspect have experienced 

a marked loss of total phosphorus although the pattern of loss differs 

between nose and hollow strata. Catenary relationships between the 

soil profiles of the nose and hollow strata are very weakly expressed 

(Figures 48, 49, 50). This indicates that the loss of total 

phosphorus is of equal magnitude from at least the upper 50cm of all 

soils sampled. Exceptions to this interpretation are, two soil 

profiles from the nose footslope and one from hollow foots lope in 

which the loss of total phosphorus is less than in the other north 

aspect soil profiles. 

The overall interpretation of the data shown in Figures 48, 

49 and 50 is that at least part of the total phosphorus leached from 

soil profiles on the south aspect nose strata and hollow heads lope 

has accumulated by sediment and solute transfer in the hollow backs lope 

and footslope soils. All soil profiles on the north aspect have 

experienced a greater loss of total phosphorus to the extent that a 

catenary differentiation between and within nose and hollow is no 

longer clearly evident. These patterns of total phosphorus 

distribution suggest that the soil profiles on the north aspect are 

at a more advanced stage of pedogenesis when compared with the soil 

profiles on the south aspect. 
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Soil profile depth trends of 0.5M H2S04-soluble phosphorus are 

shown for Coopers Creek Research Area (Figure 51) and Mt Pleasant, 

Hunua (Figure 52). 

The soil profiles from Coopers Creek have had surface additions 

of phosphate fertiliser and this is reflected in the H2S04-soluble 

phosphorus values of O-lOcm increments (Figure 51). Comparing the 

20-50cm increments of all soil profiles, values are consistently 

lower on the north aspect. The soil profiles on south and north 

aspect nose strata have type (b) depth trends for both total 

phosphorus (Figures 48, 49, 50) and H2S04-soluble phosphorus 

(Figure 51). This suggests that the increase in total phosphorus 

in the lower depth increments of these soil profiles is related to 

increase in H2S04-soluble phosphorus and other insoluble inorganic 

phosphates rather than organic phosphorus (Figure 53). Therefore, 

in soil profiles from nose strata, there is less leaching of 

inorganic forms of phosphorus from lower soil increments, compared 

with the apparent loss by both leaching and plant uptake from the 

middle (20-50cm) depth increments. A weak catenary relationship 

within nose strata is indicated by an accumulation of H2S04-soluble 

phosphorus in the lower depth increments of footslope soil profiles. 

This interpretation is made on the assumption that increasingly 

positive eluvial and ill uvial coefficients of total phosphorus in 

low depth increments of these soil profiles indicates inorganic rather 

than organic phosphorus. The contrasts evident between the soil 

profiles on south and north aspects in Figures 48, 49 and 50 are 

repeated for H2S04-soluble phosphorus depth trends (Figure 51). 

A catenary relationship is evident between soil profiles of nose 

strata plus hollow heads lope and hollow backslope and footslope. 

The very high (>0.4 mg/g) values of H2S04-soluble phosphorus in 

the subsoil horizons of the backslope and one footslope soil 

profiles suggest an illuvial accumulation. The two hollow footslope 

soil profiles display very different H2S04-soluble phosphorus depth 

trends (Figure 51), but total phosphorus values and illuvial 

coefficients (Figures 48, 50) were similar. The hollow footslope 

soil profile with the very high (>0.4 mg/g) subsoil values for 

H2S04-soluble phosphorus values is gleyed with a hypoparaaquic redox 

profile. The other foots lope with lower values «0.3 mg/g) has an 

aeric oxidised redox profile. In addition this soil profile has 

higher organic carbon values, especially in the subsoil (Figure 33) 
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and higher organic phosphorus values (Figure 54) than the hypopara

aquic profile. It is evident that the difference between these two 

footslope soil profiles is that in the former, the illuvial 

accumulation is predominantly as inorganic phosphates, and in the 

latter as organic phosphates. This is consistent with the observation 

that both organic matter and organic phosphates are unstable under 

occasional reducing conditions (O'Connor, 1975). Where these 

conditions occur in the illuvial zone of a soil catena there will be 

a greater accumulation of acid extractable inorganic phosphate 

(Williams and Saunders, 1956; Runge and Riecken, 1966). All soil 

profiles in the north aspect hollow strata have type (a) depth trends 

for H2S04-soluble phosphorus. Below the surface (O-lOcm) all values 

are low «0.1 mg/g) which supports the proposed dissolution and 

eluviation (Figure 50) of acid soluble calcium phosphate and 

non-occluded phosphates. No catenary trend is evident within the 

north aspect hollow. 

The soil profile depth trends of H2S04-soluble phosphorus for 

Mt Pleasant (Figure 52) have high (0.2-0.4 mg/g) to very high 

(>0.4 mg/g) values in the surface (O-20cm) depth increments of soil 

profiles on the south aspect and in the north aspect hollow strata. 

The soil profiles of the north aspect nose strata have medium 

(0.1-0.2 mg/g) values. These lower values for inorganic and also 

organic phosphorus (Figure 54) are indicative of the more weathered 

bedrock regolith associated with the shallow soil profiles of the 

north aspect nose strata. It is postulated that these soils would 

contain acid insoluble occluded phosphates formed during the 

weathering of the bedrock regolith, but this was not assessed. The 

soil profiles in hollow strata of both aspects have type (a) depth 

trends for H2S04-soluble phosphorus. A catenary relationship is 

evident between headslope and footslope soil profiles of the south 

aspect hollow strata. The footslope soil profile on this aspect 

has a thick (40cm) Ah horizon indicative of continuing surface 

accumulation of coarse colluvium and this explains why the very high 

(>0.4 mg/g) H2S04-soluble phosphorus values occur to such depth 

(Figure 52). The north aspect hollow footslope soil profile yields 

lower values for H2S04-soluble phosphorus than do the backslope and 

headslope soils. This anomaly may result from the location of the 

footslope soil to one side of a gully incised into the footslope 

thalweg. The site sampled is therefore more representative of a 
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sideslope-hollow transition. At Mt Pleasant differences in depth 

trends in hollow strata, related either to aspect or slope profile 

strata, are not as evident as in the hollow strata at Coopers Creek. 

This may indicate that too few soil profiles were sampled from 

Mt Pleasant to indicate relationships, or alternatively that the 

medium to high H2S04-soluble phosphorus values obtained on both 

aspects are a further indication of the weakly leached status of 

these soil profiles. The latter interpretation was supported by a 

statistical analysis of soil fertility tests for avaiable phosphorus 

(0-7.5cm and 7.5-15cm depth increments), which showed no significant 

differences between south and north aspects at Mt Pleasant (Tbnkin 

et al., 1982). 

Soil profile depth trends of organic phosphorus are shown for 

Coopers Creek Research Area (Figure 53) and Mt Pleasant, Hunua 

(Figure 54). In the majority of soil profiles organic phosphorus 

values decrease with depth. The depth trends for individual profiles 

are very similar to those for organic carbon. Organic phosphorus and 

organic carbon values are significantly correlated at the 1% level 

(r = 0.75). 

Soil profiles on the north aspect at Coopers Creek display 

similar organic phosphorus depth trends in both hollow and nose 

strata. The only difference is that soil profiles in the hollow 

strata have higher values (0.4-0.75 mg!g) in the O-lOcm depth 

increment (Figure 53). Soil catenary trends are not evident on 

this aspect, but on the south aspect, a catenary trend occurs 

between soil profiles of nose strata plus hollow heads lope and those 

of the hollow backslope and footslope. Note that the gleyed soil 

profile of the hollow footslope has extremely low, subsoil organic 

phosphorus values (Figure 53). The reasons for this were considered 

in the discussion of H2S04-soluble phosphorus depth trends. Overall, 

organic phosphorus values are higher in soil profiles on the south, 

than in equivalent profiles on the north aspect. 

The soil profiles from the south and north aspect hollow strata 

from Mt Pleasant have similar organic phosphorus depth trends. The 

high values (>0.8 mg/g) in the surface (0-20cm) increments decrease 

with depth. These depth trends, which are almost linear, indicate 

a higher proportion of organic phosphorus in subsoils than was 

evident in profiles from either nose or hollow strata at Coopers Creek. 
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This difference indicates higher total phosphorus values in the 

subsoils of hollow strata from Mt Pleasant (Figure 55). Organic 

phosphorus values and depth trends are higher and show greater 

variation in the soil profiles of the nose strata on the south 

353. 

aspect than do those on the north. The low values on the north aspect 

nose strata results, firstly from the low total phosphorus (i.e. sum 

of H2S04-soluble + organic phosphorus) which had a mean value 

± standard deviation of 0.49 ± 0.10 mg/g. Such low values place a 

limit on the accumulation of organic phosphorus (Walker and Adams, 

1958, 1959). The comparable mean total phosphorus value for soil 

profiles of the south aspect nose strata is 1.16 ± 0.27 mg/g. A 

second factor restricting the accumulation of organic phosphorus in 

soil profiles on nose strata is the relative droughtiness of these 

sites, especially on the north aspect, and the limit this imposes on 

the accumulation of organic carbon (Figure 34) and consequently of 

organic phosphorus. Similar limitation on the accumulation of organic 

phosphorus, related to soil moisture deficiency are observed in 

representative soil profiles from semi arid to sub humid environnents 

of Central Otago (New Zealand Soil Bureau, 1968). 

Data for soil profiles from both study areas were combined to 

show the relationship between organic phosphorus and total phosphorus 

(Figure 55). The gradients superimposed on Figure 55 represent the 

40, 60 and 80% ratios of organic to total phosphorus. Ninety percent 

of the surface (0-20cm) soil samples had organic to total phosphorus 

ratios of >60%. In previous studies of comparable soil profiles 

(Walker and Adams, 1958; Table 5, soil numbers 2 to 14) mean values 

for this ratio were 76±11% for 0-18cm and 68±16% for 0-53cm soil 

depths respectively. Calculating % ratios on a similar basis to that 

used by Walker and Adams (i.e. total phosphorus = 0.5M H2S04 soluble 

+ organic phosphorus) for a 0-40cm soil depth gave a mean value of 

73±9% for the soil profiles from Coopers Creek and Mt Pleasant combined. 

In Figure 55, soil samples with organic to total phosphorus ratios 

<40% were from either the 80 to 100cm increments of aeric oxidised 

redox profiles with illuvial accumulations of inorganic phosphorus 

or from the hypoparaquic redox profile with extremely low organic 

phosphorus values. All other subsoil horizons had ratios between 

40-80%. It is clearly evident from Figure 55 that the maximum value 

of organic phosphorus attained is functionally related to total soil 

phosphorus, and that organic phosphorus seldom exceeds 80% of total 
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phosphorus. This interpretation agrees with the conclusions of 

Walker and Adams (1958, 1959) and Walker and Syers (1976) for soils 

355. 

at an "intermediate stage of development". At this stage of 

development, organic to total phosphorus ratios are approaching the 

maximum values attained, and these are maintained as the total 

phosphorus levels decline with further soil development. This trend 

is evident in Figure 55, where the more strongly leached soil profiles 

on the north aspect of Coopers Creek have lower total phosphorus 

values, and yet the Ah horizon samples have organic to total 

phosphorus ratios of between 60 and 80%. 

Mean weights per unit volume (kg/m2 to 60cm) of total, H2S04-

soluble and organic phosphorus for soil profiles from Coopers Creek 

are compared for nose (here including nose plus hollow headslope 

soil profiles) and hollow strata (hollow backslope and footslope soils) 

in Table 56. The statistically significant differences for mean values 

support the interpretations of soil profile depth trends previously 

discussed. The non significant differences in mean values of total 

and organic phosphorus between nose and hollow strata on the south 

aspect are the result of the decreased volume of the fine earth, and 

an increase in the volume of stones and gravels in hollow backs lope 

and footslope soil profiles as compared with those of the nose strata. 

6.5.2.11 - Phosphate retention A rapid method for differentiating 

between soils of low to high phosphate retention (Saunders, 1965) 

has been applied to the study of a wide variety of New Zealand soils 

(New Zealand Soil Bureau, 1968; Vortmann, 1980). Phosphate retention 

is a measure of the rapid adsorption of phosphate ions, and in acid 

soils [pH(H20)<6.5] is strongly correlated with acid oxalate-extractable 

aluminium and iron (Saunders, 1965). Studies of soil development 

sequences in moderate to strong leaching environments have shown that 

phosphate retention increases as oxalate-extractable aluminium and iron 
and eIO\(czrn ...... 4 

values increase (Molloy~ 1974; Campbell, 1975; Ross et al., 1977). 

At more advanced stages of soil development phosphate retention 

decreases in the Ah and/or E horizons, whilst remaining high in 

B horizons. This is related to the declining pH(H20) in Ah and/or 

E horizons with values falling below 4.5 and lower values of 

extractable aluminium and iron. 

Phosphate retention depth trends are shown for soil profiles 

from Coopers Creek Research Area (Figure 56) and Mt Pleasant, Hunua 

(Figure 57). The soil profiles, for which both oxalate-extractable 
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I 
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BETWEEN BETWEEN STRATA WITHIN ASPECTS WITHIN STRATA BETWEEN ASPECTS 
ASPECTS 

NORTH SOUTH NORTH SOUTH NOSE HOLLOW 

n=12 n=12 NOSE I HOLLOW NOSE 1 HOLLOW NORTH I SOUTH NORTH j SOUTH 

TOTAL PHOSPHORUS (XRF) 

146±39 233±92 155±33 1128±49 216±l071 269±40 155±331 216±170 128±49 J 269±40 

* NS NS NS * 

O.SM H2 SO4 SOLUBLE PHOSPHORUS 

28±15 76±49 34±15 J 17±4 57±30 1 115±59 34±151 57±30 17±4 1 115±59 

** NS * * * 

ORGANIC PHOSPHORUS 

84±26 153±64 94±26 1 63±11 151±771 156±33 94±26 I 15l±77 63±1l1156±33 

** * NS NS ** 

Note: In calculating these means the following values for the fine earth 

bulk densities were used: Ah, 1.0kg/m3 ; Bw, 1.4kg/m3 . The headslope 

so~l profiles were included with the soils of the nose strata, 

giving 8 soils in this strata and 4 soils in the hollow strata. 

** 
* 
NS 

Table 56. 

significant at the 1% level 

significant at the 5% level 

not significant at the 5% level. 

Comparison of the mean (± standard deviation) weight per unit 

volume (kg/m2 to 60cm) of total, 0.5M H2S04 soluble and 

organic phosphorus, Coopers Creek Research Area. 

aluminium and phosphate retention analyses are available 

(Appendix 3) show that both properties have very similar trends 

(Figures 46, 56 and 57). 

Low phosphate retention values in the range of 10 to 35% 

occur in the surface (0-20cm) increments of all soil profiles, 

from both study areas. ~is indicates a relatively weak retention 

of surface applied phosphatic fertiliser. 
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In soil profiles from Coopers Creek (Figure 56) highest phosphate 

retention values occur mid and lower depth increments. In the soil 

profiles on nose strata maximum values in subsoils are high on the 

north aspect (60 to 90%) and medium on the south (30 to 60%). The 

south aspect, soil profiles of the nose strata and hollow heads lope 

have similar phosphate retention depth trends. The gleyed soil 

profile in the south aspect hollow strata has low values for phosphate 

retention. This corresponds with the equally low oxalate-extractable 

aluminium and iron values in this profile (Figure 46). The remaining 

profiles of the south aspect hollow have trends which increase with 

depth, suggesting that the maximum value of phosphate retention (as 

well as oxalate-extractable aluminium and iron) occur beneath the 

sampled profile. Soil profiles in the north aspect hollow strata have 

relatively constant, low phosphate retention values (range 15-30%) 

to a depth of 40-50cm. Below this depth, values rise in the majority 

of profiles to between 25 to 50%. Again, the indication is that 

maximum values for phosphate retention occur beneath the sampled 

profile. Phosphate retention depth trends, for soil profiles within 

nose or hollow strata, vary in such a random fashi:on that no soil 

catenary relationships are recognisable. This is not surprising as 

phosphate retention is a soil property that has been shown to vary 

in relation to the location of individual trees within a formerly 

beech (Nothofagus spp) forested ecosystem (Campbell, 1974), similar 

to that of Coopers Creek. 

Soil profiles from Mt Pleasant, with one exception, have low 

values of phosphate retention (range 10 to 20%). In soil profiles 

on nose strata values increase slightly with depth, whereas in 

hollow strata the opposite occurs (Figure 57). Soil catenary 

relationships are not evident, and phosphate retention depth trends 

for soil profiles within the respective nose and hollow strata are 

similar on both aspects. The consistently low phosphate retention 

values in all soil profiles further indicates the weakly leached 

condition of these soils. 

The relationships between phosphate retention and acid 

ammonium oxalate-extractable aluminium and aluminium plus iron are 

shown on Figures 58 and 59 respectively. Both relationships are 

. significantly correlated at the 1% level and are in general agreement 

with those shown by Saunders (1965). 
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6.5.2.12 - Reserve potassium Metson et al. (1956) developed a method 

for estimating the relative potassium supplying pOwer of soils on a 

long term basis. This was a measure of the reserve potassium (Kc) 

that was slowly released from silicate minerals, in particular clay 

minerals such as mica and mica-vermiculite intergrades, by repeated 

extraction with boiling 1M HN03. It was found that Kc values were 

more easily interpreted in relation to other properties considered 

in the classification of New Zealand soils, than were values of 

exchangeable potassium. An arbitrary Kc value of 3.0 meq/kg was 

taken as the border line between adequate and inadequate long term 

reserves of potassium under pastoral conditions. In soils dominated 

by phyllosilicate clays, Kc values of 5.0-3.0 meq/kg are associated 

with the dominance of micas in their early stages of weathering, and 

values below 3.0 meq/kg with vermiculite-aluminium chlorite intergrades 

(New Zealand Soil Bureau, 1968). 

Reserve potassium (Kc) depth trends are shown for four soil 

profiles from the Coopers Creek Research Area. These represent the 

hollow heads lope and footslope from both aspects (Figure 60). The 

south aspect footslope soil (Code No.6, Appendix 3) has the highest 

Kc values (4.4 to 4.9 meq/kg). Such values are indicative of weakly 

weathered micaceous clay minerals (confirmed by clay mineralogical 

analysis, section 6.5.2). The other three soil profiles have Kc values 

that are close to, or below the 'border line' value of 3.0 meq/kg. 

The interpretation is that these soils have inadequate reserves of 

plant available potassium and will eventually require fertiliser 

additions to maintain optimum pasture production. 

6.5.2.13 - Tbtal sulphur Depth trends for soil profiles from Coopers 

Creek Research Area are shown in Figure 61. Tbtal sulphur values 

decrease with depth. Values are low (<0.2 mg/g) in the mid to lower 

increments (40-100cm) of all soil profiles. The highest values 

(0.80-1.56 mg/g) occur in the surface (O-lOcm) increment of soil 

profiles in the hollow strata. This difference in depth trends 

between soil profiles of nose and hollow strata is similar on both 

aspects. The depth trends for total sulphur, are similar to those 

of organic carbon (Figure 33) and total nitrogen (Figure 35) for the 

individual soil profiles. 

Tbtal sulphur is significantly correlated at the 1% level with , 
organic carbon (r = 0.75), total nitrogen (r = 0.94) and organic 

phosphorus (r = 0.74). The relationship between total sulphur and 
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total nitrogen is shown (Figure 62b) for soil prof~les from Coopers 

Creek. These soils have been topdressed with both superphosphate and 

sulphur-superphosphate (section 3.6.1). This may, in part, explain 

the different slope of the regression equation, when compared with the 

data for untopdressed Hurunui steepland soils (Cuff, 1973) shown in 

Figure 62a. The relationship between total sulphur and total nitrogen 

derived from Cuff's data is virtually identical to that derived by 

Walker and Adams (1958) for a selection of untopdressed soils (also 

shown on Figure 62a). It is inferred from the relationships shown in 

Figure 62 that total soil nitrogen and sulphur are present in these 

soils in the form of soil organic matter. Hurunui steepland soils 

(and hill soils) in their untopdressed state are known to have low 

initial sulphur soil test values, low sulphur retentions in surface 

soil horizons and show plant responses to applied sulphur fertilisers 

(Cuff, 1973; Muller et al., 1975; Saunders and Cooper, 1975). Gypsum, 

labelled with S35, applied to soils of comparable mineralogy and with 

a similar leaching regime to the soils of Coopers Creek Research Area, 

showed that sulphur was retained in an organic form within the 0-15cm 

depth, within a year of its application (Walker and Gregg, 1975; 

Gregg, 1976). The wide variation in total sulphur values in surface 

increments (0-20cm) suggests that a relative sulphur deficiency still 

limits the accumulation of both total nitrogen and organic matter in 

the soils at Coopers Creek (Figure 62b) . 

Saunders and Cooper (1975) suggest that soils (such as those 

from Coopers Creek and Mt Pleasant) with low to medium (0-60%) 

phosphate retentions, have low sulphate retentions in both topsoil and 

subsoil horizons. Cuff (1973) and Gregg (1976) showed this to be true 

for the Hurunui steepland soils included in their respective studies. 

Because of their low sulphate retention these relatively weakly 

weathered soils, retain little native adsorbed sulphate (Metson and 

Blakemore, 1978). This was confirmed for the soils from Mt Pleasant, 

which gave very low mean sulphate-sulphur soil test value of 4 (0-15cm 

depth) for soils of both nose and hollow strata on south and north 

aspects. The subsoils of the 12 representative soil profiles from 

this study area had sulphate-sulphur test values in the range of 

4 to 0 with the latter values predominating in hollow strata 

(Tbnkin et al., 1982). Sulphate-sulphur test values for the surface 

0-7.5cm of soils from the Coopers Creek Research Area had adjusted 

mean values for the south and north aspects of 8.1 and 8.4, respectively. 
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[a] HURUNUI STEEPLAND SOILS - South Canterbury 
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Figure 62. Relationship between total sulphur and total nitrogen. 

(a) Hurunui steepland soils - South Canterbury (Cuff, 1973) 

(b) Coopers Creek Research Area. 
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This difference in adjusted means, together with differences in test 

values between strata, within aspects are non significant at the 5% 

level (Radcliffe, 1982). 

The mean weights per unit volume (kg/m2 to 6Dcm) of total 

sulphur for the soil profiles from Coopers Creek are compared for 

nose strata (here including nose plus hollow heads lope soil profiles) 

and hollow strata (hollow backs lope and footslope soils)in Table 57. 

No significant statistical differences (at the 5%) are evident. 

BETWEEN BETWEEN STRATA WITHIN ASPECTS WITHIN STRATA BETWEEN ASPECTS 

ASPECTS 

NORTH SOUTH NORTH SOUTH NOSE HOLLOW 

n=12 n=12 NOSE HOLLOW NOSE HOLLOW NORTH SOUTH NORTH 

lD5±32 lD6±26 116±33 83±18 lD9±32 98±1l 116±33 lD9±32 83±18 

NS NS NS NS NS 

See footnote on Table 56. 

NS not significant at the 5% level. 

Table 57. Comparison of the mean (± standard deviation) weight per unit 

volume (kg/m2 to 6Dcm) of total sulphur Coopers Creek 

Research Area. 

6.5.2.14 - Total Calcium The chemical model of surficial weathering 

and soil development under conditions of continued leaching and 

unimpeded drainage (Jackson, 1964, 1965, 1968) indicates a nett loss 

SOUTH 

98±1l 

of monovalent, divalent and ultimately trivalent cations (and balancing 

anions), and of silica. In this study calcium was selected as an 

example of a relatively mobile cation, and its loss by leaching may 

be estimated using zirconium as an internal insoluble standard. 

Total calcium was determined by X.R.F. for both soil and bedrock 

regolith samples from the Coopers Creek Research Area. Compared with 

total magnesium, potassium and sodium, total calcium showed the least 

variation with respect to textural changes between bedrock regolith 

samples (Table 55). In calculating total calcium/total zirconium 

ratios, and eluvial/illuvial coefficients (Muir and Logan, 1982), the 

following average bedrock regolith values were used for total zirconium 

(D.17 mg/g) and total calcium (11.5 mg/g). These values gave an 

initial total calcium to total zirconium ratio of 68:1 for soil mineral 

materials. 
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Soil profile depth trends for total calci~, total calcium/total 

zirconium ratios and eluvial coefficients for total calcium are shown 

(Figures 63, 64, 65). The majority of soil profile depth trends either 

decrease, or decrease and then increase in lower increments, in similar 

fashion to the type (a) and type (b) depth trends described for total 

phosphorus. The highest total calcium values occur in the surface 

(O-lOcm) increment. This is interpreted as a result of organic cycling 

of calcium and its relative accumulation in Ah horizons together with 

the surface addition of calcium as superphosphate. Both total calcium 

and total calcium to total zirconium ratios indicate a catenary 

relationship between soil profiles of the nose strata plus hollow 

heads lope and hollow backs lope and footslope. This catenary trend is 

most clearly evident on the south aspect, but is less obvious on the 

north. Soil profiles on nose strata have a narrow range of. total 

calcium values and of calcium/zirconium and eluvial ratios, and marked 

variation between replicates. No catenary trend is therefore indicated 

for total calcium between soil profiles of nose strata. A catenary 

trend between soil profiles of south aspect nose strata plus hollow 

heads lope and hollow backslope and foots lope is again evident in the 

eluvial coefficients for total calcium (Figure 65), which become less 

negative with increasing distance downslope. A siffiilar oa£oRary £rQRQ, 

al£Rou~R Wi£R a more Re~a£ive raR9Q of ely¥isl gOQffigi~Rte, gsR ~8 

seeR ae't\leeR seil prefiles ef 1::19:e Ge\:lili aGpee1:: lieGe G19:etlleler aftd 

aaelwlope pl\:ls fee1::slepe. The soil profiles on the north aspect 

hollow and nose strata exhibit a similar range of eluvial coefficients 

to those on the south aspect nose strata. No consist~nt soil catenary 

trends are evident either within or between strata on the north aspect. 

The moderately (-40) to strongly (-100) negative eluvial coefficients 

together with the total calcium to total zirconium ratios of between 

42:1 to 3:1, confirm that there has been a significant loss of calcium 

during the development of these soils. A progressive shift toward 

less negative eluvial coefficients can be recognised between the soil 

profiles of the north aspect nose strata and those of the south aspect 

hollow strata. The eluvial coefficients for soil profiles of the 

remaining two slope strata lie between these extremes. The nett loss 

of calcium from all soil profiles emphasises this element is more 

mobile than phosphorus (Figure 50). 
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6.5.3 Clay mineralogy 

The mineralogy of the clay fraction was determined by X-ray 

diffraction on 12 soil profiles, representing south and north aspect, 

hollow and nose strata at Coopers Creek Research Area (Table 58a, b, 

c, d). The diagnostic criteria used to interpret the x-ray 

diffractograms were described in section 6.4. Examples of the x-ray 

diffractograms illustrating the four recurring patterns of phyllosili

cate clay occurrence are shown in Figure 66. 

Clay sized quartz and feldspar are both present in all samples 

examined. 

The major difference between soil profiles was in the relative 

abundance of phyllosilicate clays; mica, chlorite and vermiculite

aluminium chlorite intergrades. Soil profiles with chlorite, mica, 

with or without vermiculite-aluminium chlorite intergrades occur on 

the south aspect backs lope and footslope. Chlorite was not identified 

in the clay fraction of either shoulder or heads lope soil profiles on 

this aspect. The south aspect hollow foots lope soil profile (Table 58a) 

contains vermiculitic intergrade, micaceous and chloritic clays in the 

Ah and only the latter two clays in the Bg and Cg horizons. The 

abundance of micaceous and chloritic clays is compatible with the 

previously described chemical properties of this soil profile (Appendix 

3, code no.6) and is confirmation of its weakly weathered status. The 

south aspect nose, shoulder soil profile and the upper horizons 

(Ahl, Bwl) of the backs lope soil profile lack chlorite, mica is present 

and vermiculitic intergrade clay is abundant. The absence of chlorite 

may either reflect the stage of weathering at~ained in these soil 

horizons, or alternatively the minor presence of chlorite in the 

mineralogy of the sandstone bedrock regolith from which these soil 

materials were derived. All other soil profiles were considered to 

contain material from both sandstone and siltstone bedrock regoliths. 

On the north aspect, the soil profiles of nose and hollow 

strata have very similar clay mineralogies (Tables 85c and 85d). 

The main contrast is between these soil profiles and those on the 

south aspect. Chlorite was not identified on the north aspect nor 

was the vermiculite intergrade. The vermiculite-aluminium chlorite 

intergrade is abundant in all soil profiles and very abundant in some 

horizons of some profiles on the nose strata (Table 5Sc). In particular 

the nose footslope and hollow backs lope soil profiles have predominantly 

Al-chloritic intergrade clays in their subsoils. There are obvious 
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predominantly Al- chloritic, 
vermiculite - aluminium 
chlorite intergrade (b) 

Figure 66. Selected X-ray diffractograms of whole clay fraction 

«211m diameter), illu·strating four patterns of x-ray 

peaks for phyllosilicate 'clays, Coopers Creek Research 

Area. 
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SLOPE CLAY MINERALS 

PROFILE 
CODE SOIL 

STRATA 
NUMBER HORIZON Q F M Ch V/Al-Ch 

headslope 4.1 Ahl * * * - ** 

4.3 Ah/Bwl * * - - **b 

4.4 2Bw2 * * - - **b 

4.6 2Cu * * - - ** 

backs lope 5.1 Ahl * * * * ** 

5.3 Bwl * * - - ** 

5.4 Bw2 * * - - **b 

5.6 Cu * * * * ** 

footslope 6.1 Ahl * * ** * **a 

6.3 Ah/Bgl * * ** ** -
6.4 2Cgl * * ** ** -
6.6 2Cg2 * * ** ** -

Q, quartz; F, feldspar; M, mica; Ch, chlorite; V/Al-Ch, Vermiculite

aluminium chlorite intergrade; a, predominantly verrniculitic; 

b, predominantly Al-chloritic. 

*** 

** 

* 

very abundant 

abundant 

present 

not identified 

Table 58a. Semi-quantitative analysis of the mineralogy of the 

whole clay fraction «2~m), for select soil horizons. 

Coopers Creek Research Area, south aspect hollow strata. 
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SLOPE 
CLAY MINERALS 

CODE SOIL 
PROFILE 

STRATA 
NUMBER HORIZON 

Q F M Ch V/Al-Ch 

shoulder 7.1 Ahl * * * - **a 

7.2 Ah/R * * * - **a 

7.3 R * * * - **a 

backslope 8.1 Ahl * * * - **a 

8.3 Bwl * * * - **a 

8.4 Bwl * * * * ** 

8.6 2Cu * * * * ** 

foob;;lope 9.1 Ahl * * * * ** 

9.3 2Bw2 * * * * ** 

9.4 2Bw2 * * * * **b 

9.5 3Cu * * ** ** * 

Refer to key at foot of Table 58a. 

Table 58b. Semi-quantitative analysis of the min8ralogy of the whole 

clay fraction «2~m), for selected soil horizons. 

Coopers Creek Research Area, south aspect, nose strata. 
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SLOPE 
CLAY MINERALS 

CODE SOIL 
PROFILE 

STRATA 
NUMBER HORIZON 

Q F M Ch V/Al-Ch 

shoulder 13.1 Ahl * * * - ** 

13.2 Ah/Bwl * * - - ** 

13.3 Bw2 * * - - ** 

13.4 Bw2 * * * - -** 

backs lope 14.1 Ahl * * - - ** 

14.2 Ahl * * * - ** 

14.3 Ah/Bwl * * * - ** 

14.4 Bw2 * * - - *** 

footslope 15.1 Ahl * * * - ** 

15.3 Ah/Bwl * * * - ***b 

15.4 2Bw2 * * * - ***b 

15.5 3BCu * * * - ** 

Refer to key at foot of Table 58a. 

Table 58c. Semi-quantitative analysis of the mineralogy of the whole 

clay fraction «2~m), for selected soil horizons. 

Coopers Creek Research Area, north aspect, nose strata. 
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SLOPE 
CLAY MINERALS 

PROFILE 
CODE SOIL 

STRATA 
NUMBER HORIZON 

Qt 3 F M Ch V/Al-Ch 

heads lope 22.1 Ahl * * * - ** 

22.3 Bwl * * * - ** 

22.4 Bw2 * * * - ** 

22.6 Cu * * * ** 
I 

backs lope 23.1 Ahl * * * - ** 

23.3 Ah/Bwl * * - - **b 

23.4 2Bw2 * * - - **b 

23.6 3Cu * * - - / **b 

foots lope 24.1 Ahl * * * - ** 

24.2 Ahl * * * - ** 

24.3 Ah/Bwl * * * - ** 

24.4 2Bw2 * * - - **b 

24.6 2Cu * * - - ** 
i 

Refer to key at foot of Table 58a. 

Table 58d. Semi-quantitative analysis of the clay mineralogy of the 

whole clay fraction «2~m) for selected soil horizons. 

Coopers Creek Research Area, north aspect hollow strata. 
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similarities in the clay mineralogy of the soil profiles on south and 

north aspects, however the differences in phyllosilicate mineralogy 

indicate a more advanced stage of clay transformation on the north 

aspect. This is indicated by the degree of alumination of the 

vermiculite-aluminium chlorite intergrade clays (Figure 66) and the 

assumed total transformation (or decomposition) of chlorite. Of the 

10 samples in which Al chloritic-intergrade clays were identified, only 

one sample also contained chlorite. The clay mineral transformations 

occurring in these soils are assumed to follow similar trends to those 

described by Jackson (1968), Campbell (1975), Loveland and Bullock (1975, 

1976), Churchman (1978, 1980), Campbell and Young (1980) and Herbauts 

(1982). Mica, chlorite, quartz and feldspar are inherited from the 

bedrock regolith. The phyllosilicate clays are transformed in a soil 

environment subject to leaching and acidification. The following 

phyllosilicate clay transformation products identified in this study 

are listed in their sequence of development. 

MICA -- VERMICULITE 

t ~ 
(Mg/Fe) CHLORITE -- (2:1 - 2:2 intergrade) 

~ t. 
Al-CHLORITE 

Chlorite is apparently more rapidly transformed and/or decomposed 

than is mica (Table 58), a similar observation to that reported in 

other studies of soil clay genesis in acid weathering environments 

(Kodama and Bain, 1968; Campbell, 1974, 1975; DeConnick et al., 1975; 

Bain, 1977; Churchman, 1978; Campbell and Young, 1980). 

A catenary relationship can be inferred from the phyllosilicate 

clay mineralogy of the soil profiles on the south aspect (Tables 85a, b). 

If the relative abundance of micaceous and chloritic clays are used as 

indices of clay transformation, then the soil profiles of hollow and 

nose strata become less weathered in sequence from shoulder/headslope 

to footslope. A catenary relationship between the soil profiles on the 

north aspect nose strata (Table 58c) can be inferred from the abundance 

of, and increasing alu~inatrion of, the vermiculite-aluminium chlorite 
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intergrade clays in the B horizons of soils from shoulder to footslope. 

This relationship may also hold for the soil profiles of the hollow 

strata, with the maximum alumination of the intergrade clays in the 

backs lope soil profile (Table 58). A difficulty in interpreting the 

extent of alumination of intergrade clays as an index of clay 

transformation is that with increasing soil acidity [as pH(H20) falls 

to about 4.5] Al-chloritic intergrades may be transformed to vermiculitic 

intergrades (Campbell, 1974, 1975; Campbell and Young, 1980). The 

south aspect nose shoulder soil profile (Table 58a) has abundant 

vermiculitic intergrade clays and pH(H20) values of 4.5 (Ahl) and 

5.0 (R). Given that the surface horizons of this soil are likely to 

have had pH(H20) <4.5 when under the original forest vegetation, it is 

very probable that the vermiculitic intergrade clays indicate a late 

stage of clay genesis. The pH(H20) in the R horizon is less likely to 

have been <4.5, and therefore the intergrade clay here indicates an 

earlier stage of genesis. A further consideration in the interpretation 

of catenary relationships using the alumination of clays as a criterion, 

arises from the study of Campbell (1974), which showed a relationship 

between alumination/dealumination, soil pH and the spatial distribution 

of beech (Nothofagus spp) trees. As described in section 3.6.1 the 

vegetation of Coopers Creek Research Area Was a mixed podocarp-beech

hardwood forest prior to 1898. Because of the relatively more advanced 

stage of phyllosilicate clay transformation on the north aspect, the 

effect of the former beech tree distribution on clay genesis is likely 

to confuse, rather than amplify any catenary relationship. 

6.6 IMPLICATIONS FOR SOIL GENESIS IN RELATION TO SLOPE POSITION AND 

ASPECT 

In this study the emphasis has been placed on soil landscape 

relationships. Each of the soil profiles sampled was assumed to 

represent the status of soil chemical conditions within predetermined 

slope contour and profile strata. Sampling sites were located within 

the boundaries of first order valley basins. The effect of microclimate 

on soil processes was incorporated by studying comparable sequences of 

soil profiles on both south and north aspects. An assessment of the 

relative stage of soil development within first order valley basins 

is provided by the combination of soil morphological and chemical data. 
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Each of the south and north aspects, from both -study areas was 

considered as a separate soil landscape system. In this discussion 

emphasis is placed on key soil chemical properties such as pH, total 

exchangeable bases, base saturation, acid ammonium oxalate-extractable 

aluminium and iron or the related property of phosphate retention, 

total phosphorus, O.SM H2S04-soluble phosphorus, total calcium 'and 

clay mineralogy. 

6.6.1 Comparisons of the soil landscape systems of the eastern 

South Island hill country, including the present studies. 

The soil landscape systems of Mt Pleasant, Hunua, are weakly 

leached, as indicated by soil pH values and depth trends, the level of 

exchangeable bases and very high percentage base saturation. The 

relative stage of soil development is comparable on both south and 

north aspects. The noteworthy differences are between the respective 

nose strata and are in part related to lithological variations and 

the more weathered bedrock regolith conditions on the north aspect nose 

strata. The effects of seasonal soil moisture deficits are evident 

in the soil organic properties of nose strata in general, and in 

particular on the north aspect. It is apparent, however, that there 

is insufficient ~eaching for catenary relationships to have developed 

within first order valley basins for the majority of the soil chemical 

properties examined. In this environment seasonal soil moisture 

deficiencies will be more pronounced in the soils of nose strata, 

compared with hollow strata, and on the north aspect than on the south. 

The soil landscape systems of the Coopers Creek Research Area 

are more strongly leached and hence are at a more advanced stage of 

soil development than those of Mt Pleasant, Hunua. At Coopers Creek 

the south and north aspect soil landscape systems are at successive 

stages of development. The key soil chemical properties all indicate 

greater leaching and weathering of soils on the north aspect. Soil 

catenary relationships between nose and hollow strata are a distinctive 

feature on the south aspect and by contrast are only weakly developed 

in the north aspect soil landscape systems, respectively. 

An unexpected result from this study is the observation that 

soil catenary relationships within first order valley basins change 

with increasing stages of leaching and soil development. The classical 

example of catenary differentiation between eluvial and illuvial zones 

is well expressed on the south aspect of Coopers Creek. In the soil 
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landscape systems at both less and more advanced stages of soil leaching 

and development, catenary relationships are either not developed or 

alternatively are very weakly developed. On this evidence it is 

suggested that "classical soil catenary relationships" within first 

order valley basins represent a transitory phase. As soil development 

progresses beyond a weakly leached state, chemical differentiation 

between eluvial and illuvial zones of the first order valley basin 

becomes more pronounced. The maximum soil catenary differentiation 

is attained at an intermediate stage of leaching, then decreases as 

the soils throughout the first order valley basin attain a "uniformly" 

leached state. At these latter stages of soil development, catenary 

relationships may be indicated by eluvial and ill uvial coefficients 

of less mobile constituents than those examined in this study, such 

as total silicon, aluminium and iron. In soil landscape systems in 

drier, and more weakly leaching environments than Mt Pleasant, illuvial 

accumulations of carbonates and sulphates would indicate soil catenary 

relationships within first order valley basins, but such development 

may only be evident in soil landscape systems of greater age than 

those of the present study. An alternative explanation for the 

apparent lack of soil catenary development within the soil landscape 

systems of Mt Pleasant is that they lack sufficient age. In the 

absence of data on the age of the debris mantles, this alternative 

cannot be further evaluated. 

The relationships between the stage of soil development on south 

and north aspect soil landscape systems described in this study may be 

extended by comparison with similar but less intensive studies by 

Cuff (1973) and McIntosh et al. (1981). In Cuff's study of the 

Hurunui steepland soils in south Canterbury a single representative 

soil profile was sampled from hollow backslopes, from south and north 

aspects at three separate locations; Geraldine, Albury and Waimate 

(Table 15). In the study of McIntosh et al. the sampling of single 

soil profiles from midslopes (backslopes) on south and north aspects 

was ancillary to an assessment of soil variability within "topsoils". 

In total eight pairs of soil profiles were sampled, from three 

altitudes on Longslip (NZMS 1 Sl08/427422-411404) and from five 

altitudes on Glencairn (NZMS 1 Sl09/846548-831543). The soils are 

formed in eolian and colluvial debris derived from weakly metamorphosed 

sandstones and siltstones (Chlorite subzone I and II, Gair 1967). The 

soil chemical properties common to all studies, namely pH(H20) total 

exchangeable bases (1M NH40Ac pH7), 0.5M H2S04-soluble phosphorus and 
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REFERENCE LOCATION 
ELEVATION 

ANNUAL RELATIVE DEVELOPMENT 
RAINFALL OF SOILS ON NORTH 

This study 

McIntosh et al., 

1981 

Cuff, 1973 

McIntosh et al., 

1981 

Cuff, 1973 

This study 

Hunua 

Longslip 

Glencairn 

Waimate 

Albury 

Longslip 

Longslip 

Geraldine 

Coopers Ck 

(m) 

275-640 

730 

440-810 

700 

823 

945 

1065 

762 

290-440 

(mm) AND SOUTH ASPECTS 

690 north = south 

750 north ~ south 

600-700 north ~ south 

780-980 north < south 

838 north < south 

c. 1000 north < south 

c. 1000 north < south 

1143 north ~ south 

1400 north > south 

Footnote. less leached/developed < more leached/developed. 

Table 59. Relative degree of soil leaching/development on north and 

south aspects, in relation to increasing annual rainfall, 

eastern South Island hill country. 

phosphate retention, were used to judge the relative degree of leaching 

and soil development on the respective south and north aspects (Table 

59). ~e soil profiles in each of these studies are assumed to be of 

comparable age, and all are formed on felsic mineral materials. It may 

be inferred from this data (Table 59) that with increasing annual 

rainfall the relative stage of soil leaching and development changes 

from being equal on both south and north aspects, to more advanced on 

south aspects, and subsequently more advanced on north aspects. In 

the middle latitudes of the southern hemisphere the thermal potential 

for soil development is greatest on north aspects (refer to section 2.2.4). 

Where evapotranspiration exceeds annual rainfall on north aspects there 

is insufficient soil leaching for this potential to develop. In 

eastern South Island hill country with annual rainfall between 800 to 

1200mm, conditions are more favourable for soil leaching on south 

aspects. It may be inferred from the study of Radcliffe and Lefever 

(1981) that potential evapotranspiration on north aspects is only 

equalled or exceeded as annual rainfall increases from 1200 to 1400mm. 
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At the higher rainfall soil development is more advanced on north aspects. 

within the soil landscape systems of the eastern South Island 

hill country, three soil forming environments are envisaged: 

1. Subhumid environments (c.500-700mm annual rainfall and 

seasonally variable) where as a result of insufficient rainfall, there 

is essentially no difference in soil development (or soil fertility) 

between south and north aspects. Low rainfall limits plant growth on 

both aspects. 

2. Subhumid to humid environments (c.700-1200mm annual rainfall) 

where there is insufficient water passing through soils on north aspects 

to allow the thermal potential for soil development to occur. The 

result is a more advanced stage of soil development (and lower soil 

fertility) on the moister south aspect. The more favourable moisture 

regime on the south aspect results in a greater potential for plant 

growth. 

3. Humid environments (1200-1400mm annual rainfall) where there 

is sufficient soil moisture to promote leaching, in the generally 

warmer temperatures on the north aspect, resulting in a more advanced 

stage of soil development (and lower soil fertility) than on the south 

aspect. In this environment the potential for plant growth will be 

determined by both soil moisture, temperature and fertility factors and 

may vary between aspects in response to the seasonal conditions. 

6.6.2 Variation of soil chemical properties within soil taxonomic 

classes established on the basis of soil profile form and class 

The stage of development represented by a soil profile is 

expressed in its taxonomic classification. Most commonly soil 

taxonomic units are defined using key morphological, chemical and 

physical properties. It is relevant to restate the observation of 

Nelson and McCracken (1962) that soil taxonomic units are recognised 

in the field by their key morphological features. In the present 

study soil profiles were assigned to one of five soil profile forms, 

and classes within each form defined by skeletal and fine earth 

texture profiles. The majority of soil profile forms and many of the 

soil profile classes are common to both south and north aspects of 

Mt Pleasant, Hunua, and Coopers Creek Research Area. Soil profile 

forms 2, 3 and 4 (Table 25) with their Ah.Bw.R and Ah.Bw.Cu horizon 

sequences show no change in structure or redox profile forms over the 

range of soil development represented in the respective soil landscape 
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DEPTIi SOIL TOTAL TOTAL ORGANIC TOTAL T.E.B. PHOSPHATE 0.5M H2S0~-

INCREMENT PROfILE CALCIUM PHOSPHORUS CARBON NITROGEN (meqJkg) RETENTION PHOSPHORUS 

(em) CLASS (mg/g) (mg/g) (\) (\) (\) (mg/g) 

0-10 3.2.4 9 23 8 18 11 18 22 

3.3.4 30 36 29 35 24 13 50 

3.4.4 32 25 31 33 40 13 24 

10-20 3.2.4 14 28 19 23 18 17 42 

3.3.4 50 50 27 38 29 11 106 

3.4.4 30 36 18 23 45 15 41 . 

20-40 3.2.4 22 28 20 20 21 27 40 

3.3.4 56 62 39 62 51 7 109. 

3.4.4 37 59 39 43 59 22 15 

40-60 3.2.4 31 28 27 20 36 42 46 

3.3.4 . 62 64 40 57 60 22 121 

3.4.4 40 67 50 57 76 21 88 

60-80 3.4.4 40 78 50 50 66 31 100 

-. 

80-100 3.4.4 31 70 43 33 44 28 80 

Table 60. Coefficients of variation (\) of selected soil chemical properties in soil profile 

classes 3.2.4, 3.3.4 and 3.4.4 from Coopers Creek Research Area. 

systems. This indicates a constancy of soil profile form over a range 

of chemical change. This range is illustrated by the coefficients of 

variation of selected soil chemical properties for soil profile 

classes 3.2.4, 3.3.4 and 3.4.4 (Table 60) · 
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In their studies of soil variability, Beckett and Webster (1971) and 
t\ < .. ,c\ b 

Adams and Wilde (1976 A 1981) grouped soil properties into three 

categories. Group I includes those properties least affected by 

management practices, and group III most affected, with group II 

between these extremes. At the taxonomic equivalent of soil series, 

total calcium and total phosphorus are group I properties with 

coefficients of variation less than 30%. Group II properties include, 

organic carbon, total nitrogen, total exchangeable bases, and phosphate 

retention all with coefficients of variation of between 30% and 40%. 

Lastly group III properties are represented here by 0.5 H2S04-soluble 

phosphorus and properties in this group have coefficients of variation 

greater than 40%. Five soil profiles were assigned to soil profile 

class 3.2.4 (code numbers 1, 2, 8, 9, 21; Appendix 3), and were all 

from nose strata, with four from the south aspect. The coefficients 

of variation for the group I, II and III properties are comparable 

with those reported for soil taxonomic units (Adams and Wilde, 1981) 

at a low categorical level. This result reflects the narrow range for 

group I and II chemical properties on nose strata. The four soil 

profiles in class 3.3.4 (code numbers 4, 5, 13, 20; Appendix 3) include 

two from south aspect hollow strata and one each from north aspect 

hollow and nose strata. The resultant range of chemical properties is 

reflected in the higher coefficients of variation of all soil properties 

with the exception of phosphate retention (Table 60). The six soil 

profiles included in class 3.4.4 (code numbers 10, 12, 18, 22, 23, 24) 

are from hollow strata with two from the south, and four from the north 

aspects respectively. The range of values for the various chemical 

properties between hollow headslope and footslope results in higher 

coefficients of variation for this soil profile class (Table 60) 

compared to soil profile class 3.2.4. Again phosphate retention is 

the exception, reflecting the narrow range of values in the soil 

profiles from hollow strata, especially on the north aspect and south 

aspect, footslope (Figure 56). These examples show that soil chemical 

variation is not consistent between soil profile classes. This is a 

provisional interpretation because of the small number of soil 

profiles allocated to anyone class. The range of chemical properties 

in these soil profile classes, especially 3.3.4 and 3.4.4, encompasses 

different stages of development. Within this spectrum of changing 

chemical and mineralogical conditions there is no commensurate change 

of soil morphological features. It is therefore suggested that whilst 
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-soil chemical properties may change in a progressive manner under 

conditions of leaching and unimpeded drainage, soil morphological 

features change intermittently, as soil chemical and/or physical 

thresholds are attained and passed. Lastly these examples illustrate 

the point that slope position and aspect are relevant adjuncts to the 

identification of soil profile classes, and for grouping representative 

soil profiles into taxonomic classes at a low categorical level. 

6.6.3 Taxonomy of representative soil profiles 

Taxonomic nomenclature is used to summarise the morphogenic 

characteristics of reference soil profiles, and to express the 

pedogenic relationships between taxa. At the present time, as there 

is no universal taxonomic system for soils, the representative soil 

profiles from Coopers Creek Research Area and Mt Pleasant, Hunua, 

have been classified using the following: F.A.O.-UNESCO (1974) soil 

units; Soil Survey Staff (1975) - Soil Taxonomy; New Zealand Soil 

Bureau (1968) - N.Z. Genetic Soil Classification; and Cutler's (1983) 

proposal for a New Zealand soil classification (Tables 61, 62). The 

F.A.O.-UNESCO soil units were designed specifically for the compilation 

of the "Soil map of the world" and therefore the classes are broadly 

defined. For this reason it is not strictly comparable with the 

other classifications. The shallow soils (soil profile form 1) with 

Ah R horizon sequences have been placed in Lithic subgroups of 

Dystrochrepts (Table 61) and Hapludolls (Table 62). Where the 

underlying bedrock regolith is medium sandstone the average distance 

between fractures is >lOcm, but where siltstone beds occur it is ~lOcm. 

In the latter situation the strict definition of lithic contact is not 

met. In their undisturbed state the fractures within both sandstone 

and siltstone regoliths are closed and the contact between soil and 

bedrock is a barrier to plant root growth. It is not intended here to 

compare the relative merits of either the U.S.D.A. or N.Z. soil 

classifications. For convenience the U.S.D.A. Soil Taxonomy is used 

to summarise soil genetic relationships within the respective study 

areas (Tables 62, 63). 

The dominant soil taxa from Coopers Creek Research Area are 

Umbric Dystrochrepts loamy skeletal, mixed mesic (Table 61). They 

occur on nose strata and hollow heads lopes and backs lopes (Table 63). 
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SOIL PROFILE 1,2,3,4,5, 

CODE NUMBERS 
7 8,9,10,11, 12 6 

13,14,15,16,17,18 24 
19,20,21,,22,23. 

SOIL PROFILE 1.4.2 3.1.4, 3.2.4, 3.4.4 5.4.2 

CLASSES 
3.3.4, 3.4.4 

FAO-UNESCO Ranker a Dystric Eutric fullic 

SOIL UNITS 
Cambisol Cambisol a Gleysol 

USDA SOIL Lithic Umbric Typic Aquic 

TAXONOMY 
Dystrochrept Dystrochrept Haplumbrept Hapludoll 
loamy skeletal loamy skeletal loamy skeletal loamy skeletal 
mixed mesic mixed mesic mixed mesic mixed mesic 

NZ GENETIC moderately moderately to moderately weakly 

SOIL 
enleached strongly enleached enleached 
fulvi-lithic enleached fulvic soil madenti-fulvic 

CLASSIFICATION soil from fulvic soil from sandstone soil from 
sandstone and from sandstone and siltstone sandstone and 
siltstone and siltstone colluvium siltstone 
coarse colluvium coarse colluvium colluvium 

Cutler, 1983 Dystric Stony Eutric stony Eutric stony 
Ranker Flavisol Flavisol gleyed 

Flavisol 
i I I 

a Classification provisional because of insufficient data or inadequate 

definition of soil taxa. 

Table 61. Classification of sampled soil profiles, Coopers Creek Research Area. 



SOIL PROFILE 26,27, 25,28,29,30, 

CODE NUMBERS 
32,33 31,34,35,36 

SOIL PROFILE 1.1.1, 1. 3.1 2.2.2, 2.3.1, 

CLASSES 
3.2.2, 3.4.2, 
3.4.3, 
4.2.3, 4.4.2 

FAO-UNESCO Haplic Haplic 

SOIL UNITS 
phaeozem a phaeozem a 

USDA SOIL Lithic Hapludoll Typic Hapludoll 

TAXONOMY 
loamy skeletal loamy skeletal 
mixed mesic mixed mesic 

NZ GENETIC Weakly enleached Weaklx .enleached 

SOIL 
co-pallic co-pallic 
fulvic-nigric fulvic 

CLASSIFICATION soil from soil from 
sandstone and sandstone and 
sil tstone siltstone 
coarse colluvium coarse colluvium 

Cutler, 1983 Eutric Ranker Eutric stony 
Flavisol 

a refer footnote on Table 61. 

Table 62. Classification of sampled soil profiles, 

Mt Pleasant, Hunua. 

388. 
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SOUTH ASPECT NORTH ASPECT 

NOSE HOLLOW NOSE HOLLOW 

SHOULDER/ Umbric Umbric Umbric ,Umbrk 

HEADS LOPE 
Dystrochrept Dystrochrept Dystrochrept Dystrochrept 

+ + 

Lithic Lithic 
Dystrochrept Dystrochrept 1 

BACKS LOPE Umbric Umbric Umbric Umbric 
Dystrochrept Dystrochrept Dystrochrept Dystrochrept 

+ + 

Lithic Lithic 
Dystrochrept Dystrochrept 1 

FOOTS LOPE Umbric Typic Umbric Umbric 
Dystrochrept Haplumbrept Dystrochrept Dystrochrept 

+ + + + 

Lithic Aquic Lithic Typic 
Dystrochrept Hapludoll Dystrochrept l Haplumbrept 

Footnote 1 Not sampled on this aspect. Family criteria common to all 

taxa Le. loamy skeletal, mixed, mesic. 

Table 63. Classification of sampled soil profiles with respect to 

slope strata and aspect, Coopers Creek Research Area. 

The subdominant soil taxa on nose strata are Lithic Dystrochrepts 

loamy skeletal, mixed, mesic. The definitions of these soil taxa are 

such that they encompass the range of soil properties encountered 

despite the previously described differences in certain key chemical 

properties, between soil profiles on the south and north aspects. The 

only indication of soil catenary relationships is found on the south 

aspect with Umbric or Lithic Dystrochrepts transposing to Typic 

Haplumbrepts or Aquic Hapludolls in the hollow footslope. On the north 

aspect the soil catenary relationships were not as evident, and this 

is reflected in the soil taxa, with Umbric or Lithic Dystrochrepts 

transposing to Typic Haplumbrepts. 
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SOUTH NORTH 

NOSE HOLLOW NOSE HOLLOW 

SHOULDER/ Lithic Typic Lithic Typic 

HEADS LOPE Hapludoll Hapludoll Hapludoll Hapludoll 

BACKS LOPE Lithic Typic Lithic Typic 

Hapludoll Hapludoll Hapludoll Hapludoll 

FOOTS LOPE Lithic Typic Lithic Typic 

Hapludoll Hapludoll Hapludoll Hapludoll 

Footnote. Family criteria are common to all taxa i.e. loamy skeletal, 

mixed, mesic. 

Table 64. Classification of sampled soil profiles with respect to 

slope strata and aspect, Mt Pleasant, Hunua. 

The dominant soil taxa from Mt Pleasant, Hunua, are Lithic Hapludolls 

loamy skeletal, mixed mesic and Typic Hapludolls loamy skeletal mixed 

mesic (Table 62) on nose and hollow strata respectively (Table 64). 

These soil taxa encompass the range of soil properties observed on 

both south and north aspects. 

6.7 CONCLUSIONS 

The method used to select soil profiles for chemical and 

mineralogical analysis, namely sampling sites within predetermined 

slope profile and contour strata on south and north aspects, allowed 

the pedogenic relationships to be interpreted. The soil landscape 

systems repr~sented by the south and north aspects of the Coopers Creek 

Research Area are moderately to strongly leached. The chemical and 

clay mineralogical properties of soil profiles examined indicate that 

the north aspect soil landscape system is at a more advanced stage of 

leaching and development compared with the south aspect soil landscape 

system. This is particularly evident when comparing the respective 

eluvial/illuvial indices for total phosphorus. These indicate a net 

loss from all soil profiles/slope strata on the north aspect, and a 



catenary redistribution between soil profiles/slope strata on the 

south aspect with a net gain in the hollow backs lope and footslope. 

391. 

The overall stage of soil development within the Coopers Creek Research 

Area can be represented by Umbric Dystrochrepts loamy skeletal mixed 

mesic which is the dominant soil taxon. This soil taxon encompasses 

all soil profile classes in the hollow heads lope and backslope and 

the dominant classes on nose strata. The soil landscape systems 

represented by Mt Pleasant, Hunua, are weakly leached, and this is 

reflected in the chemical properties examined and the comparable stage 

of soil leaching and development found on both aspects. Chemical 

catenary relationships between soil profiles of nose and hollow strata 

are not recognisable on the north aspect and virtually absent on the 

south. The dominant soil taxa on both aspects are Typic Hapludolls 

loamy skeletal mixed mesic in hollow strata and Lithic Hapludolls 

loamy skeletal mixed mesic on nose strata. The dominant soil taxa for 

the two study areas are provisionally proposed as typifying taxa for 

the related soil associations. The Hurunui association may be 

typified by Umbric Dystrochrepts in catenary association with either 

Aquic Hapludolls or Typic Haplumbrepts. The Haldon association by 

contrast is typified by an association of Lithic and Typic Hapludolls. 

It was shown that Umbric Dystrochrepts, Typic Haplumbrepts and Typic 

Hapludolls from the two study areas had the same soil profile forms 

and in specific cases the same key soil profile class criteria. 

Similarly Lithic Dystrochrepts and Lithic Hapludolls had the same 

soil profile form. It is concluded that pedogenic relationships cannot 

be evaluated, for the respective enviro~~ents represented by the two 

study areas, from the identification of soil profile form or class 

alone. The interpretation of pedogenic relationships requires 

adequate site data (aspect, slope profile and contour strata) and 

depth profile trends of selected soil chemical properties such as pH, 

total exchangeable bases, and phosphate retention or equivalent soil 

chemical field tests. 

The results of this study are consistent with established models 

of soil development on felsic mineral materials under conditions of 

acidification and leaching. Comparing the results of this and other 

studies on slopes with south and north aspects in the eastern South 

Island leads to the conclusion, that the relative stage of leaching 
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and development on south and north aspect soil landscape systems 

changes from being comparable, to more advanced of south aspects, and 

in turn more advanced on north aspects over an annual rainfall 

gradient of 700mm to l400mm. 

6.8 APPENDIX 3 

Chemical data for sampled soil profiles from Coopers Creek 

Research Area and Mt Pleasant, Hunua. 



SOIL CHEMISTRY 

SOIL PROFILE CLASS 3.2.4 

CODE NUMBER 1 

Thickness (cm) 

Horizon 

pH H20 

0.01 M CaC12 

1.0 M KCl 

ORGANIC MATTER 

Organic C (%) 

N ( %) 

C/N 

CATION EXCHANGE 

CEC 1 M NH 40AC (meg/kg) 

KCl (Al + H) + TEB (meg/kg) 

Total Exch. Bases (meg/kg) 

TEB/CEC NH40AC (%) 

TEE/TEE + Exch. (AI + H) (%.) 

Calcium (meg/kg) 

Hagnesium (meg/kg) 

Potassium (meg/kg) 

Sodium (meg/kg) 

Aluminium - KCl (meg/kg) 

Hydrogen - KCl (meg/kg) 

AMHONIUH OXALATE 

Aluminium (%) 

Iron (%) 

PHOSPHORUS 

Total - Na2C03 fusion (mg/g) 

Total - XRF (mg/g) 

0.5 M H2S04 soluble (mg/g) 

Organic phosphorus (mg/g) 

Phosphate retention C~) 

POTASSIUM 

Kc (meg/kg) 

SULPHUR 

Total - XRF (mg/g) 

CALCIUM 

Total - XRF (mg/g) 

ZIRCONIUM 

Total - XRF (mg/g) 

393. 

1.1 1.2 1.3 1.4 

10 10 20 20 

Ahl Ah2 Bwl Bwl 

5.5 4.0 1.6 1.3 

0.48 0.33 0.14 0.11 

11 12 11 12 

233 184 176 172 

128 102 57 43 

55 55 32 25 

91 77 42 31 

22 15 10 9.4 

13 8.4 4.3 2.5 

2.3 1.6 0.6 0.5 

I I I I 

0.80 0.62 0.42 0.38 

0.16 0.13 0.10 0.09 

0.67 0.61 0.24 0.28 

26 27 40 47 

3.4 3.5 

I 0. 69 1 0.44 1 O. 20 I o. 14 I 

I 3. 19 1 2.69 
11. 73

1 
1.14 ] 

0. 17 10 . 17 10.1610.13 J 



SOIL CIIEMIS1'RY 

SOIL PROFILE CLASS 3 • 2 .,4 

CODE NUMBER 2 

Thickness (cm) 

Horizon 

pH H2O " 

,. 

0.01 M CaC12 

1.0 M KCl 

ORGANIC MATTER 

Organic C (%) 

N ( %) 

C/N 

CATION EXCHANGE 

CEC 1 M NH 40AC (meg/kg) 

KCl (AI + H) + TEB (meg/kg) 

Total Exch. Bases (meg/kg) 

TEB/CEC NH40AC (%) 

TEB/TEB + Exch. (AI + H) (%) 

Calcium (meg/kg) 

Magnesium (meg/kg) 

Potassium (meg/kg) 

Sodium (meg/kg) 

Aluminium - KCl (meg/kg) 
,/ 

Hydrogen - KCl (meg/kg) 

AMMONIUM OXALATE 

Aluminium (%) 

Iron (%) 

PHOSPHORUS 

TOtal - Na2C03 fusion (mg/g) 

Total - XRF (mg/g) 

0.5 M H2S04 soluble (mg/g) 

Organic phosphorus (mg/g) 

Phosphate retention C%) 

POTASSIUM 

Kc (meg/kg) 

SULPHUR 

Total - XRF (mg/g) 

CALCIUM 

'Total - XRF (mg/g) 

ZIRCONIUM 

Total - XRF (mg/g) 

2.1 2.2 

1~ 10 

Ah1 Ah2 

5.2 5.5 

4.8 4.9 

4.5 2.6 

0.38 0.24 

12 11 

212 180 

122 97 

58 54 

96 78 

19 14 

5.2 3.8 

1.8 1.6 

0.84 0.70 

0.15 0.10 

0.69 0.60 

23 23 

3.2 

0. 60 1 0. 37 1 

3. 79 1 3.50 1 

0. 20 1 0·2l1 

394. 

2.3 2.4 2.5 2.6 2.7 

20 20 20 10 10 

2Bw1 2Bw1 2Bw2 2Bw2 3Cu 

5.6 5.5 5.1 5.1 5.2 

4.9 4.7 4.3 4.2 4.4 

1.2 0.7 0.,6 0.6 0.6 

0.12 0.07 0.06 0.06 0.04 

10 10 10 10 15 

160 145 160 195 129 

72 57 34 23 12 

45 39 21 12 9 

59 43 25 16 9.0 

10 10 7.4 5.8 1.7 

2.7 2.1 1.2 1.2 0.8 

0.3 1.4 0.6 0.3 0.2 

-

I I I 

0.53 0.,38 0 . .45 0.60 0.75 

0.07 0.09 0.12 0.16 0.40 

0.42 0.26 0.29 0.43 0.25 

27 29 36 44 41 

3.0 3.8 

0. 18 1 0.111 0. 08 1 0.07 I 0. 08 1 

3. 09 1 2.50 I 2. 13 11. 78 1 iii] 

0. 20 1 0.2110.2210.2010.211 



SOIL CHEMISTRY 

SOIL PROFILE CLASS 3.3.4 

CODE NUMBER 3 

Thickness (em) 

Horizon 

pH H2O ~ 

,. 

0..01 M CaC12 

1.0 M KCl 

ORGANIC MATI'ER 

Organic C (%) 

N (%) 

C/N 

CATION EXCHANGE 

CEC 1 M NH 40AC (meg/kg) 

KCl ·(Al + H) + TEB (meg/kg) 

Total Exch. Bases (meg/kg) 

TEB/CEC NH 40AC (%) 

TEB/TEB + Exch. (Al + H) (%) 

Calcium (meg/kg) 

Magnesium (meg/kg) 

Potassium (meg/kg) 

Sodium (meg/kg) 

Aluminium - KCl (meg/kg) 

Hydrogen - KCl (meq/kg) 

AMMONIUM OXALATE 

Aluminium (%) 

Iron (%) 

PHOSPHORUS 

Total - Na2C03 fusion (mg/g) 

Total - XRF (mg/g) 

0..5 M H2S04 soluble (mg/g) 

Organic phosphorus (mg/g) 

Phosphate retention (%) 

POTASSIUM 

Kc (meq/kg) 

SULPHUR 

Total - XRF (mg/g) 

CALCIUM 

Total - XRF (mg/g) 

ZIRCONIUM 

Total - XRF (mg/g) 

395. 

3.1 3.2 3.3 3.4 3.5 3.6 

10. 10. 20. 10. 20. 10. 

Ahl Ah2 2Bwl 2Bwl 3Cu 3Cu 

5.0. 5.3 5.4 5.4 5.4 5.4 

4.7 4.8 4.7 4.6 4.5 4.5 

5.5 3.3 1.4 1.0 0..7 0.5 

0.43 0..28 0..12 0..0.9 0..05 0.0.5 

13 12 12 n 14 10. 

268 188 144 144 10.8 10.9 

10.6 89 50. 33 11 17 

40. 47 34 23 10. 16 

82 73 39 25 8.2 13 

18 12 6.7 5.8 1.6 2.6 

5.3 2.9 1.5 0..7 0..8 0..2 

0..9 1.2 2.3 1 .. 2 0..3 0..4 

I I I I 

0.80. 0..64 0..45 0. . .44 0..65 0..63 

0..22 0..13 0..11 0..12 0..35 0..32 

0..62 0..50. 0..35 0..31 0..25 0..21 

27 28 38 43 46 40. 

2.9 2.9 3.6 

0..721 0..451 0..20.1 0..1110..0.8 10..0.8 I 

3.3613.1412.3611..9112.7312,681 



SOIL CHEMISTRY 

SOIL PROFILE CLASS 3.4.4 

CODE NUMBER 4 

Thickness (cm) -
Horizon 

pH H2O '1'-

0.01 M CaC1 2 

1.0 M KCl 

ORGANIC MATTER 

Organic C (%) 

N ( %) 

C/N 

CATION EXCHANGE 

CEC 1 M NH 40AC (meq/kg) 

KCl (AI + H) + TEB (meg/kg) 

Tbtal Exch. Bases (meq/kg) 

TEB/CEC NH40AC (%) 

TEB/TEB + Exch. (AI + H) (%) 

-Calcium (meq/kg) 

Magnesium (meq/kg) 

Potassium (meq/kg) 

Sodium (meq/kg) 

Aluminium - KCl (meq/kg) 

Hydrogen - KCl (meq/kg) 

AMMONIUM OXALATE 

Aluminium (%) 

Iron (%) 

PHOSPHORUS 

TOtal - Na2C03 fusion (mg/g) 

Tbtal - XRF (mg/g) 

0.5 M H2S04 soluble (mg/g) 

Organic phosphorus (mg/g) 

Phosphate retention t%} 

POTASSIUM 

Kc (meq/kg) 

SULPHUR 

Tbtal - XRF (mg/g) 

CALCIUM 

Tbtal - XRF (mg/g) 

ZIRCONIUM 

~btal - XRF (mg/g) 

4.1 4.2 4.3 

10 10 20 

Ahl Ahl IAh/Bwl 

5.0 5.3 5.5 

4.5 4.6 4.7 

3.9 3.9 3.9 

7.5 4.2 2.4 

0.58 0.32 0.18 

13 13 13 

258 195 156 

138 92 68 

125 78 50 

48 40 32 

91 83 72 

99 63 41 

19 11 5.0 

6.5 3.4 3.2 

0.6 0.4 0.3 

6.0 15 18 

7.0 1.0 1.0 

0.25 0.25 0.29 

0.37 0.37 0.43 

0.96 0.64 0.50 

0.94 0.60 0.47 

0.23 0.12 0.09 

0.62 0.45 0.33 

26 29 32 

3.2 2.7 2.2 

1.221 0. 501 0. 261 

3. 891 2. 69 1 2. 20 1 

0.17\ 0.21[ 0.231 

396. 

4.4 4.5 4.6 

20 20 20 

2Bw2 2Bw2 2Cu 

5.6 5.4 5.3 

4.7 4.5 4.3 

3.9 3.8 3.7 

1.4 0.8 0.5 

0.10 0.06 0.04 

14 13 13 

177 126 125 

67 54 53 

38 23 17 

22 18 14 

57 43 31 

31 17 11 

3.4 2.7 2.7 

3.6 2.6 1.5 

0.3 0.3 0.5 

28 30 35 

1.0 1.0 2.0 

0.45 0.42 0.28 

0.61 0.52 0.48 

0.44 0.33 0.32 

0.40 0.34 0.27 

0.09 0.09 0.10 

0.25 0.21 0.18 

51 44 31 

2.4 2.9 2.7 

0. 15 1 0. 12 1 0. 06 1 

1. 83 1 1. 67 1 1. 59 1 1 

0. 20 1 0.21~21 



SOIL CHEMISTRY 

SOIL PROFILE CLASS 3.4.4 

CODE NUMBER 5 

Thickness (cm) 

Horizon 

.pH H20 

0.01 M CaC12 

1.0 M KCl 

ORGANIC MATTER 

Organic C ( %) 

N (%) 

C/N 

CATION EXCHANGE· 

CEC 1 M NH 40AC (meg/kg) 

KCl (AI + H) + TEB (meg/kg) 

Total Exch. Bases (meg/kg) 

TEB/CEC NH 40AC (%) 

TEB/TEB + Exch. (AI + H) (%) 

Calcium (meg/kg) 

Magnesium (meg/kg) 

Potassium (meg/kg) 

Sodium (meg/kg) 

Aluminium - KCl (meg/kg) 

Hydrogen - KCl (meg/kg) 

AMMONIUM OXALATE 

Aluminium (%) 

Iron (%) 

PHOSPHORUS 

Total - Na2C03 fusion (mg/g) 

Total - XRF (mg/g) 

0.5 M H2S04 soluble (mg/g) 

Organic phosphorus (mg/g) 

Phosphate retention (~) 

POTASSIUM 

Kc (meg/kg) 

SULPHUR 

Total - XRF (mg/g) 

CALCIUM 

·Total - XRF (mg/g) 

ZIRCONIUM 

Total - XRF (mg/g) 

5.1 5.2 

10 10 

Ahl Ah2 

5.0 5.4 

4.6 4.7 

3.9 4.0 

6.4 3.5 

0.49 0.29 

13 12 

255 227 

121 101 

109 92 

43 41 

89 91 

89 79 

13 9.4 

5.8 1.8 

1.2 2.2 

7.0 6.0. 

6.0 3.0 

0.27 0.28 

0.34 0.38 

1. 28 1.06 

0.44 0.46 

0.90 0.66 

27 28 

3.2 

0.941 0.401 

4. 201 4.111 

0. 211 0.221 

397. 

5.3 5.4 5.5 5.6 

20 20 20 20 

Bwl Bw2 Bw2 Cu 

5.9 6.2 6.5 6.4 

5.1 5.4 5.5 5.6 

4.2 4.4 4.5 4.6 

2.1 1.2 0.8 0.7 

0.20 0.09 0.07 0.06 

11 13 11 12 

182 166 171 165 

92 82 83 83 

86 79 79 80 

47 48 47 48 

95 96 96 96 

81 74 70 68 
-

3.4 2.6 3.5 5.7 

1.0 2.1 5.0 6.3 

0.8 0.4 0.8 0.4 

4.0 3.0 3.0 2.0 

1.0 0.0 0.0 UO 

0.33 0.51 0.55 

0.44 0.74 0.74 

0.87 0.73 1.09 1. 20 

0.29 0.39 0.86 0.84 

0.61 0.36 0.23 0.37 

31 40 44 47 

2.9 3.8 

0.251 0.12 1 0. 08 1 0. 07 1 

4. 411 3.96 1 3.781 3. 60 1 I 
0. 24 1 0. 23 1 0. 21 1 0.23\ 



SOIL CHEMISTRY 

SOIL PROFILE CLASS 5.4.2 

CODE NUMBER 6 

Thickness (cm) 

Horizon 

.,.' 

0.01 M CaC1 2 

1.0 M KCl 

ORGANIC MATTER 

Organic C (%) 

N (%) 

C/N 

CATION EXCHANGE 

CEC 1 M NH 40AC (meg/kg) 

KCl (Al + H) + TEB (meg/kg) 

Tbtal Exch. Bases (meg/kg) 

TEB/CEC NH 40AC (%) 

TEB/TEB + Exch. (AI + H) (%) 

Calcium (meg/kg) 

Magnesium (meg/kg) 

Potassium (meg/kg) 

Sodium (meg/kg) 

Aluminium - KCl (meqjkg) 

Hydrogen - KCl (meg/kg) 

J\MII10NIUM OXALATE 

Aluminium (%) 

Iron (%) 

PHOSPHORUS 

Tbtal - Na2C03 fusion (mg/g) 

Tbtal - XRF (mg/g) 

0.5 M H2S04 soluble (mg/g) 

Organic phosphorus (mg/g) 

Phosphate retention (%) 

POTASSIUM 

Kc (meg/kg) 

SULPHUR 

Tbtal - XRF (mg/g) 

CALCIUM 

Tbtal - XRF (mg/g) 

ZIRCONIUM 

~btal - XRP. (mg/g) 

6.1 

10 

Ahl 

5.7 

5.5 

4.7 

8.9 

0.73 

12 

315 

252 

248 

79 

98 

207 

33 

6.3 

1.9 

0.0 

4.0 

0.31 

0.26 

1. 79 

1.46 

0.33 

1.36 

22 

3.5 

1. 29 1 

I 6. 75 1 

0. 16 1 

6.2 6.3 

10 20 

Ah2 Ah/Bgl 

5.9 6.2 

5.4 5.4 

4.6 4.4 

3.2 1.2 

0.30 0.13 

11 10 

206 140 

161 99 

160 98 

78 70 

99 99 

134 78 

22 17 

3.3 2.4 

0.5 0.4 

1.0 1.0 

0.0 0.0 

0.26 0.18 

0.22 0.13 

1.18 0.83 

1.13 0.88 

0.37 0.36 

0.80 0.44 

20 15 

4.4 4.5 

0. 56 1 0. 21 1 

5.171 5. 34 1 

0. 18 1 0.221 

398. 

6.4 6.5 6.6 

20 20 20 

2Cgl 2Cgl 2Cg2 

6.5 6.5 6.7 

5.4 5.5 5.8 

4.2 4.4 4.6 

0.4 0.2 0.3 

0.05 0.05 0.05 

8 4 6 

.117 93 89 

79 81 85 

79 81 85 

66 87 96 

99 100 100 

62 63 68 

14 14 13 

2.8 3.8 3.9 

0.4 0.4 0.5 

1.0 0.0 0.0 

0.0 0.0 0.0 

0.10 O.ll 0.08 

0.17 0.25 0.23 

0.82 0.68 0.69 

0.82 0.74 0.63 

0.78 0.63 0.57 

0.01 0.01 0.06 

10 11 13 

4.5 4.5 4.9 

0.071 0.041 0. 03 1 

5.741 5. 49 1 5. 32 1 I 
0.221 0. 20 1 0. 19 1 



SOIL CHEMISTRY 

SOIL PROFILE CLASS 

CODE NUMBER 7 

Thickness (cm) 

Horizon 

pH H20 

0.01 M CaC12 

1.0 M KCl 

ORGANIC MATTER 

Organic C (%) 

N (%) 

C/N 

CATION EXCHANGE 

1.4.2 

CEC 1 M NH 40AC (meg/kg) 

KCl (AI + H) + TEB (meg/kg) 

Tbtal Exch. Bases (meg/kg) 

TEB/CEC NH40AC (%) 

TEB/TEB + Exch. (Al + H) (%) 

Calcium (meg/kg) 

Magnesium (meg/kg) 

Potassium (meg/kg) 

Sodium (meg/kg) 

Aluminium - KCl (meg/kg) 

Hydrogen - KCl (meg/kg) 

AMMONIUM OXALATE 

Aluminium (%) 

Iron (%) 

PHOSPHORUS 

Tbtal - Na2C03 fusion (mg/g) 

Tbtal - XRF (mg/g) 

0.5 M H2S04 soluble (mg/g) 

Organic phosphorus (mg/g) 

Phosphate retention C%) 

POTASSIUM 

Kc (meg/kg) 

SULPHUR 

Tbtal - XRF (mg/g) 

CALCIUM 

Tbtal - XRF (mg/g) 

ZIRCONIUM 

Tbtal - XRP (mg/g) 

399. 

7.1 7.2 7.3 

6.3 4.4 2.9 

0.47 0.34 0.22 

13 13 13 

283 259 244 

105 94 73 

37 36 30 

78 70 57 

20 18 12 

5.5 4.6 2.8 

1.1 0.9 0.7 
~-

I 0.
29 1 0.30 I 0.451 

0.41 0.58 1.0 I I I 
-

0.83 0.69 0.76 

0.27 0.19 0.46 

0.58 0.47 0.37 

33 33 40 

10.7610.4610.30 I 

LI2_.6_7~1_2_.3_6~ll_._55~1 __ ~ __ ~ __ ~~1 

I LO_._16_1~0_._17~1~0_.1_4~1 __ ~ __ ~ __ ~ __ J 



SOIL CHEt-IISTRY 

SOIL PROFILE CLASS 3.2.4 

CODE NUMBER 8 

Thickness (cm) 

Horizon 

pH H2O 

0.01 M CaC1 2 

1.0 M KCl 

ORGANIC MATTER 

Organic C ( %) 

N ( %) 

C/N 

CATION EXCHANGE 

CEC 1 M NH 40AC (meg/kg) 

KCl (AI + H) + TEB (meg/kg) 

Tbtal Exch. Bases (meg/kg) 

TEB/CEC NH40AC (%) 

TEB/TEB + Exch. (AI + H) (%) 

Calcium (meg/kg) 

Magnesium (meg/kg) 

Potassium (meg/kg) 

Sodium (meg/kg) 

Aluminium - Kcl (meg/kg) 

Hydrogen -' KC1 (meg/kg) 

AMMONIUM OXALATE 

Aluminium (%) 

Iron (%) 

PHOSPHORUS 

Tbtal - Na2C03 fusion (mg/g) 

Tbta1 - XRF (mg/g) 

0.5 M H2S04 soluble (mg/g) 

Organic phosphorus (mg/g) 

Phosphate retention C%) 

POTASSIUM 

Kc (meg/kg) 

SULPHUR 

Tbtal - XRF (mg/g) 

CALCIUM 

'Tbtal - XRF (mg/g) 

ZIRCONIUM 

Tbta1 - XRF (mg/g) 

400. 

8.1 8.2 8.3 8.4 8.5 8.6 

10 10 20 20 15 15 

Ahl Ah2 Bwl Bwl 2BCu 2Cu 

5.0 5.2 5.3 5.2 5.3 5.3 

4.6 4.7 4.8 4.6 4.6 4.6 

5.1 3.2 1.3 1.0 0.9 0.7 

0.40 0.27 0.11 0.09 0.08 0.07 

13 12 12 11 11 10 

248 194 186 205 194 194 

112 96 75 66 67 59 

45 49 40 32 35 30 

88 79 62 50 49 42 

17 12 9.3 11 13 14 

5.5 2.8 2.8 3.9 4.1 2.6 

1.4 1.8 0.8 0.6 0.5 0.7 

0.24 0.25 0.27 0.31 0.43 0.44 

0.40 0.46 0.56 0.63 0.74 0.63 

0.73 0.57 0.39 0.35 0.52 0.47 

0.22 0.12 0.09 0.10 0.15 0.17 

0.54 0.42 0.27 0.25 0.32 0.30 

25 29 31 39 40 39 

1 0 . 71 1 0.2910.1510.1010.1110.071 

~3._1~11_2_._97~1_2_._19~I_l_.5_3~I_l_.0_7~1_0_.8_0~1 __ ~1 

0.19\ 0.191 0.20 I 0.18\ 0.15 \ 0.16 \ 



SOIL CHEMISTRY 

SOIL PROFILE CLASS 3.2.4 

CODE NUMBER 9 

Thickness (cm) 

Horizon 

pH H2O . 
0.01 M CaC12 

1.0 M KCl 

ORGANIC MATTER 

Organic C (%) 

N (%) 

C/N 

CATION EXCHANGE 

CEC 1 M NH 40AC (meg/kg) 

KCl (Al + H) + TEB (meg/kg) 

Total Exch. Bases (meg/kg) 

TEB/CEC NH40AC (%) 

TEB/TEB + Exch. (Al + H) (%) 

Calcium (meg/kg) 

Hagnesium (meg/kg) 

Potassium (meg/kg) 

Sodium (meg/kg) 

Aluminium - KCl (meqjkg) 

Hydrogen - KCl (meqjkg) 

AMMONIUM OXALATE 

Alwninium (%) 

Iron (%) 

PHOSPHORUS 

Tbtal - Na2C03 fusion (rng/g) 

Tbtal - XRF (mg/g) 

0.5 M H2S04 soluble (mg/g) 

Organic phosphorus (mg/g) 

Phosphate retention (!iI) 

POTASSIUM 

Kc (meg/kg) 

SULPHUR 

Tbtal - XRF (mg/g) 

C1\LCIUM 

Tbtal - XRF (mg/g) 

ZIRCONIUM 

Tbtal - XRF. (mg/g) 

401. 

9.1 9.2 9.3 9.4 9.5 9.6 

10 10 I 20 20 10 20 

Ahl Ah/Bw1 2Bw2 2Bw2 2BCu 3Cu 

. 5.0 5.4 5.2 5.1 5.3 5.5 

4.7 4.8 4.6 4.6 4.7 4.7 

4.6 3.3 1.9 1.2 0.9 0.6 

0.36 0.28 0.15 0.11 0.06 0.03 

13 12 13 11 15 20 

246 230 179 203 151 115 

107 92 43 26 15 6 

43 40 24 13 10 5 

89 79 37 22 12 4.1 

12 9.4 4.4 1.4 1.1 0.5 

3.7 1.9 0.5 1.3 0.9 0.9 

2.5 1.5 0.7 0.9 0.5 0.2 

0.42 0.40 0.57 0.68 0.61 

0.46 0.48 0.61 0.66 0.27 

0.99 0.82 0.64 0.59 0.63 0.75 

0.25 0.19 0.17 0.20 0.22 0.36 

0.74 0.61 0.45 0.34 0.24 0.19 

35 36 52 62 54 43 

10.5510.3910.2210.1610.12 10.07 I J 

1 3.21 I 2.87 11. 88 11. 55 12 .14 12.56 I 1 
1 0 . 19 \ 0.21\ 0. 21 1 0.20 10.24 10 . 24 



SOIL CHEMISTRY 

SOIL PROFILE CLASS 3.4.4 

CODE NUMBER 10 

Thickness (cm) 

Horizon 

pH H2O " " 

0.01 M CaC12 

1.0 M KC1 

ORGANIC MATTER 

Organic C (%) 

N (%) 

C/N 

CATION EXCHANGE 

CEC 1 M NH 40AC (meq/kg) 

KC1 (AI + H) + TEB (meq/kg) 

Total Exch. Bases (meq/kg) 

TEB/CEC NH 40AC (%) 

TEB/TEB + Exch. (AI + H) . (%) 

Calcium (!I1eq/kg) 

Magnesium (meq/kg) 

Potassium (meq/kg) 

Sodium (meq/kg) 

Aluminium - KCl (meq/kg) 

Hydrogen - KC1 (meq/kg) 

AMMONIUM OXALATE 

Aluminium (%) 

Iron (%) 

PHOSPHORUS 

Total - Na2C03 fusion (mg/g) 

Total - XRF (mg/g) 

0.5 M H2S04 soluble (mg/g) 

Organic phosphorus (mg/g) 

Phosphate retention (%) 

POTASSIUM 

Kc (meq/kg) 

SULPHUR 

Total - XRF (mg/g) 

CALCIUM 

"Total - XRF (rng/g) 

ZIRCONIUM 

Total - XaF. (mg/g) 

402. 

10.1 10.2 10.3 10.4 10.5 10.6 

10 10 20 20 20 20 

All 1 All 1 2Bwl 2Bw2 2Bw2 2Cu 

5.0 5.1 5.3 5.3 5.1 5.4 

4.5 4.4 4.4 4.3 4.2 4.3 

5.0 3.3 1.1 0.7 0.8 0.5 

0.37 0.27 0.09 0.06 0.06 0.06 

14 12 12 12 13 8 

258 206 191 200 186 181 

86 66 37 21 21 29 

33 32 19 11 11 16 

65 51 28 16 15 18 

14 11 7.0 3.7 4.2 9.4 

5.0 2.3 0.9 0.5 0.8 1.3 

1.6 1.1 0.8 0.8 1.1 0.6 

I I I 
0.63 0.53 0.33 0.29 0.33 0.42 

0.20 0.16 0.09 0.09 0.09 0.15 

0.43 0.33 0.19 0.15 0.19 0.25 

28 30 34 38 51 48 

2.6 2.6 

10.5310.3810.1610.0610.0910.081 

~I 2_._73~1_2_._40~1_1_.7_5~I_l_.6_0~1_1_.2_4~1_1._2_8~1 __ ~1 

1 0 . 21 \ 0.2210.2110.2210.19\ 0.19 I 



SOIL CHEMISTRY 

SOIL PROFILE CLASS 3.4.4 

CODE NUMBER 11 

Thickness (cm) 

Horizon 

pH H2O .. ., 

0.01 M CaC12 

1.0 M KCl 

ORGANIC MATTER 

Organic C (%) 

N ( %) 

C/N 

CATION EXCHANGE 

CEC 1 M NH 40AC (meg/kg) 

KCl (Al + H) + TEB (meg/kg) 

Tbtal Exch. Bases (meq/kg) 

TEB/CEC NH40AC (%) 

TEB/TEB + Exch. (Al + H) (%) 

Calcium (meg/kg) 

Magnesium (meq/kg) 

Potassium (meg/kg) 

Sodium (meq/kg) 

Aluminium - KCl (meq/kg) 

Hydrogen - KCl (meq/kg) 

AMMONIUM OXALATE 

Aluminium (%) 

Iron (%) 

PHOSPHORUS 

Tbtal - Na2C03 fusion (mg/g) 

Tbtal - XRF (mg/g) 

0.5 M H2S04 soluble (mg/g) 

Organic phosphorus (mg/g) 

Phosphate retention C%) 

POTASSIUM 

Kc (meq/kg) 

SULPHUR 

Tbtal - XRF (mg/g) 

CALCIUM 

Tbtal - XRF (mg/g) 

ZIRCONIUM 

Tbtal - XRP (mg/g) 

403. 

11.1 11.2 11.3 11.4 11.5 11.6 

10 10 10 20 20 20 

Ahl Ahl Ah/BW 2BCu 2BCu 2Cu 

5.2 5.3 5.7 5.5 5.6 5.8 

4.7 4.6 4.8 4.8 4.8 5.0 

8.4 4.0 2.6 1.9 1.7 2.5 

0.64 0.36 0.21 0.12 0.18 0.18 

13 11 12 16 9 14 

333 214 185 209 249 238 

130 88 67 59 62 80 

39 41 36 28 25 34 

96 68 51 46 49 64 

22 14 11 8.5 8.5 9.6 

11 5.8 4.1 3.2 3.5 4.6 

1.3 0.4 0.4 0.8 1.4 1.4 

I I] 
1.20 1.04 0.95 0.96 1.14 1. 38 

0.34 0.32 0.40 0.48 0.69 0.90 

0.95 0.69 0.53 0.49 0.57 0.60 

26 30 35 45 60 69 

2.9 2.6 3.1 

0. 911 0. 47 1 0. 261 0. 18 1 0.201 0. 21 1 

4. 281 3. 76 1 3. 49 1 3. 28 1 3.111 3. 47 1 I 
0. 181 0. 211 0. 211 0. 20 1 0.20 I 0. 18 1 



SOIL CHEMISTRY 

SOIL PROFILE CLASS 3.4.4 

CODE NUMBER 12 

Thickness (cm) 

Horizon 

pH H2O ., 

0.01 M CaC12 

1.0 M KCl 

ORGANIC MATTER 

Organic C (%) 

N (%) 

C/N 

CATION EXCHANGE 

CEC 1 M NH 40AC (meg/kg) 

KCl (AI + H) + TEB (meg/kg) 

TOtal Exch. Bases (meg/kg) 

TEB/CEC NH 40AC (%) 

TEB/TEB + Exch. (AI + H) (%) 

Calcium (meg/kg) 

Magnesium (meg/kg) 

Potassium (meg/kg) 

Sodium (meg/kg) 

Aluminium - KCl (meg/kg) 

Hydrogen - KCl (meg/kg) 

AMMONIUM OXALATE 

Aluminium (%) 

Iron (%) 

PHOSPHORUS 

TOtal - Na2C03 fusion (mg/g) 

TOtal - XRF (mg/g) 

0.5 M H2S04 soluble (mg/g) 

Organic phosphorus (mg/g) 

Phosphate retention (~) 

POTASSIUM 

Kc (meg/kg) 

SULPHUR 

TOtal - XRF (mg/g) 

CALCIUM 

TOtal - XRF (mg/g) 

ZIRCONIUM 

TOtal - XRF.· (mg/g) 

404. 

12.1 12.2 12.3 12.4 12.5 12.6 

10 10 20 20 20 20 

Ahl Ahl Ah/Bw Bw2 CuI Cu2 

5.7 5.8 6.0 6.0 6.0 5.9 

5.4 5.4 5.4 5.4 5.3 5.2 

6.0 3.8 2.1 1.4 1.2 1.1 

0.52 0.35 0.21 0.12 0.11 0.10 

12 11 10 12 11 11 

314 249 197 . 206 214 171 

193 149 124 107 106 84 

61 60 63 52 50 49 

152 119 99 85 85 65 

33 25 21 19 18 16 

5.5 3.8 2.6 2.1 2.2 1.9 

2.0 1.1 1.0 0.4 0.7 1.3 

I I I I 

1. 20 1.02 0.86 0.78 0.92 0.88 

0.26 0.23 0.19 0.21 0.24 0.25 

1.03 0.82 0.66 0.55 0.60 0.58 

25 29 33 35 44 51 

3.2 3.3 

1 0 . 88 1 0.441 0.2710.1410.16 1 0 . 15 I 

LI_5._65_1~4_._52~1_4_._34~1_3_.9_9~1_3_.8_0~1_3_.2_6~1 __ ~1 

I 0 . 18 1 0.19 I 0.19 I 0.19 I 0 .18 I 0.17 I 



SOIL CHEMISTRY 

SOIL PROFILE CLASS 3.3.4 

CODE NUMBER 13 

Thickness (cm) 

Horizon 

pH H2O 

0.01 M CaC1 2 

1.0 M KC1 

ORGANIC MATTER 

Organic C ( %) 

N ( %) 

C/N 

CATION EXCHANGE 

CEC 1 M NH 40AC (meg/kg) 

KC1 (A1 + H) + TEB (meg/kg) 

Total Exch. Bases (meg/kg) 

TEB/CEC NH 40AC (%) 

TEB/TEB + Exch. (A1 + H)( %) 

Calcium (meg/kg) 

Magnesium (meg/kg) 

Potassium (meg/kg) 

Sodium (meg/kg) 

Aluminium - KC1 (meg/kg) 

Hydrogen - KC1 (meg/kg) 

AMMONIUM OXALATE 

Aluminium (%) 

Iron (%) 

PHOSPHORUS 

Tbta1 - Na2C03 fusion (mg/g) 

Total - XRF (mg/g) 

0.5 M H2S04 soluble (mg/g) 

Organic phosphorus (mg/g) 

Phosphate retention (%) 

POTASSIUM 

Kc (meg/kg) 

SULPHUR 

TOtal - XRF (mg/g) 

CALCIUM 

"Total - XRF (mg/g) 

ZIHCONIUM 

TOtal - xnp (mg/g) 

405. 

13.1 13.2 13.3 13.4 

10 10 20 20 

Ah1 !Ah/Bw1 Bw2 Bw2 

3.5 2.0 0.8 0.6 

0.22 0.11 0.03 0.03 

16 18 26 20 

191 128 158 218 

68 45 25 22 

36 35 16 10 

50 32 16 13 

12 8.9 5.6 4.8 

5.3 2.8 1.5 1.6 

0.9 1.0 1.8 2.3 

0.221 0.35-1 
0.23 0.28 I I I 

0.59 0.38 0.23 0.19 

0.19 0.06 0.01 0.03 

0.26 0.18 0.12 0.07 

20 23 29 44 

0. 53 1 0. 27 1 o.lili.10 I 

2. 05 1 1. 711 1.141 0.771 ] 

0·2l1 0·2l1 0·2l1 0.20 I 



SOIL CHEMIS'rRY 

SOIL PROPILE CLASS 3.3.4 

CODE NUMBER 14 

'l'hickness (cm) 

Horizon 

pH H20 

0.01 M CaC1 2 

1.0 M KCl 

ORGANIC MATTER 

Organic C (%) 

N (%) 

C/N 

CATION EXCHANGE 

CEC 1 M NH 40AC (meg/kg) 

KCl (Al +'H) + TEB (meg/kg) 

Tbtal Exch. Bases (meg/kg) 

TEB/CEC NH40AC (%) 

TEB/TEB + Exch. (AI + H) (%) 

Calcium (meg/kg) 

Magnesium (meg/kg) 

Potassium (meg/kg) 

Sodium (meg/kg) 

Aluminium - KCl (meqJkg) 

Hydrogen - KCl (meg/kg) 

AMMONIUM OXALATE 

Aluminium (%) 

Iron ( %) 

PHOSPHORUS 

Tbtal - Na2C03 fusion (mg/g) 

Tbtal - XRP (mg/g) 

0.5 M H2S04 soluble (mg/g) 

Organic phosphorus (mg/g) 

Phosphate retention e%) 

POTASSIUM 

Kc (meq/kg) 

SULPHUR 

Tbtal - XRP (mg/g) 

CALCIUM 

Tbta.l - XRP (mg/g) 

ZIRCONIUM 

Tbtal - XRF. (mg/g) 

406. 

14.1 14.2 14.3 14.4 

10 10 10 20 

Ahl Ahl ~/Bwl Bw2 

3.8 2.4 1.5 0.9 

0.23 0.13 0.09 0.05 

17 18 17 18 

178 156 157 217 

73 61 56 29 

41 39 36 13 

55 46 44 21 

12 9.5 8.2 4.8 

4.8 3.7 2.5 0.9 

0.9 1.3 1.2 2.1 

0017

1 0.22 
Doni 00 4;1 
0.24 0.37 1 I I 

0.60 0.37 0.30 0.19 

0.22 0.06 0.03 0.03 

0.29 0.20 0.15 0.12 

20 21 27 58 

LI_2._14~I_l_._92~1._l_.9_0~1_0_.7_9~1 __ ~ __ ~~1 

LI_o._21~1_0_.2 __ 2~1_0_.2_2~10_._17~1 __ ,~ ___ -~I _~ 



SOIL CHEMISTRY 

SOIL PROFILE CLASS 3.2.4 

CODE NUMBER 15 

Thickness (cm) 

Horizon 

pH H2O , 

0.01 M CaCl2 

1.0 M KCl 

ORGANIC MATTER 

Organic C (%) 

N ( %) 

C/N 

CATION EXCHANGE 

CEC 1 M NH 40AC (meq/kg) 

KCl (AI + H) + TEB (meq/kg) 

Total Exch. Bases (meq/kg) 

TEB/CEC NHttOAC (%) 

TEB/TEB + Exch. (AI + H) (%) 

Calcium (meq/kg) 

Magnesium (meq/kg) 

Potassium (meq/kg) 

Sodium (meq/kg) 

Aluminium - KC1 (meq/kg) 

Hydrogen - KCl (meq/kg) 

AMf-IONIUM OXALATE 

Aluminium (%) 

Iron (%) 

PHOSPHORUS 

Total - Na2C03 fusion (mg/g) 

Total - XRF (mg/g) 

0.5 M H2S04 soluble (mg/g) 

Organic phosphorus (mg/g) 

Phosphate retention (~) 

POTASSIUM 

Kc (meq/kg) 

SULPHUR 

Total - XRF (mg/g) 

CALCIUM 

Total - XRF (mg/g) 

ZIRCONIUM 

Total - XRF (mg/g) 

407. 

15.1 15.2 15.3 15.4 15.5 

10 10 10 20 20 

Ah1 Ah1 Ah/Bw 2Bw2 3BCu 

4.9 5.1 5.3 5.3 5.3 

4.4 4.4 4.4 4.4 4.5 

4.7 3.3 2.3 1.3 1.2 

0.29 0.20 0.16 0.08 0.08 

16 17 14 16 15 

244 220 193 197 196 

64 43 36 15 6 

26 20 19 8 3 

42 27 24 9.3 2.4 

14 11 9.1 3.8 0.8 

6.4 3.4 1.8 0.6 0.6 

1.3 1.4 1.5 1.7 1.7 

0.30 0.31 0.32 0.61 1.18 

0.32 0.36 0.36 0.38 0.37 

0.52 0.33 0.29 0.26 0.47 

0.18 0.07 0.05 0.06 0.23 

0.32 0.26 0.21 0.18 0.23 

34 36 37 58 77 

10.5710.30 10.2310.1610.18 1 

LI_l._73~1~1_._54~1_1_._30~1_0_.8_9~1_0_.9_9_~I __ ~ __ ~I 

I L 0_._2 0_ILo_._2 0---L-I 0_._2°_1L-°_' _19_11_0_. 2_0_11.....-_1..-.-.J 



SOIL CHEMISTRY 

SOIL PROFILE CLASS 3.3.4 

CODE NUMBER 16 

Thickness (cm) 

Horizon 

pH H2O 

0.01 M CaC12 

1.0 M KCl 

ORGANIC MATTER 

Organic C (%) 

N (%) 

C/N 

CATION EXCHANGE 

CEC 1 M NH 40AC (meg/kg) 

KCl (AI + H) + TEB (meg/kg) 

Tbtal Exch. Bases (meg/kg) 

TEB/CEC NH40AC (%) 

TEB/TEB + Exch. (AI + H) (%) 

Calcium (meg/kg) 

Magnesium (meg/kg) 

Potassium (meg/kg) 

Sodium (meg/kg) 

Aluminium - KCl (meg/kg) 

Hydrogen - KCl "(meg/kg) 

AMMONIUM OXALATE 

Aluminium ( %) 

Iron (%) 

PHOSPHORUS 

Tbtal - Na2C03 fusion (mg/g) 

Tbtal - XRF (mg/g) 

0.5 M H2S04 soluble (mg/g) 

Organic phosphorus (mg/g) 

Phosphate retention (%) 

POTASSIUM 

Kc (meg/kg) 

SULPHUR 

Tbtal - XRF ~mg/g) 

CALCIUM 

"Tbtal - XRF (mg/g) 

ZIRCONIUM 

Total - XRP (mg/g) 

408. 

16.1 16.2 16.3 16.4 16.5 

10 10 20 20 20 

Ahl Ahl jp.h/Bwl 2Bw2 2Bw2 

4.9 5.4 5.9 5.9 5.5 

4.6 4.8 5.0 5.0 4.6 

5.2 2.8 1.2 0.6 0.6 

0.36 0.20 0.09 0.03 0.03 

14 14 13 20 20 

183 152 121 115 136 

86 74 63 47 32 

47 49 52 41 24 

67 58 54 39 25 

15 13 6.4 4.5 3.7 

3.1 2.2 1.9 1.8 2.3 

0.7 1.2 1.2 1.3 1.3 

I I I 

0.66 0.41 0.28 0.19 0.19 

0.13 0.06 0.03 0.02 0.03 

0.44 0.30 0.16 0.09 0.09 

18 20 15 20 36 

10.70 1 0.331 0.13 10.07 1 0 . 06 1 

12.81 12.73/2.67 12.18 11.64 

10.1810.25\ 0.25 1 0 . 23 1 0 . 22 I 



SOIL CHEMISTRY 

SOIL PROFILE CLASS 3.4.4 

CODE NUMBER 17 

Thickness (em) 

Horizon 

pH H2O 

0.01 M CaC1 2 

1.0 M KCl 

ORGANIC MATTER 

Organic C ( %) 

N ( %) 

C/N 

CATION EXCHANGE 

CEC 1 M NH 40AC (meg/kg) 

KCl (Al + H) + TEB (meg/kg) 

TOtal Exch. Bases (meg/kg) 

TEB/CEC NH40AC (%) 

TEB/TEB + Exch. (Al + H) (%) 

Calcium (meg/kg) 

Magnesium (meg/kg) 

Potassium (meg/kg) 

Sodium (meg/kg) 

Aluminium - KCl (meg/kg) 

Hydrogen - KCl (meg/kg) 

AMMONIUM OXALATE 

Aluminium (%) 

Iron (%) 

PHOSPHORUS 

TOtal - Na2C03 fusion (mg/g) 

TOtal - XRF (mg/g) 

0.5 M H2S04 soluble (mg/g) 

Organic phosphorus (mg/g) 

Phosphate retention C%) 

POTASSIUM 

Kc (meg/kg) 

SULPHUR 

TOtal - XRF (mg/g) 

CALCIUM 

TOtal - XRF (mg/g) 

ZIRCONIUM 

TOtal - XRF (mg/g) 

409. 

17.1 17.2 17.3 17.4 17.5 17.6 

10 10 10 20 20 20 

Ahl Ahl Ah/Bw 2Bw2 2Bw2 2Cu 

5.2 5.6 5.9 6.3 6.5 6.5 

4.9 5.0 5.2 5.4 5.6 5.7 

5.3 3.2 1.3 0.6 0.6 0.7 

0.38 0.22 0.11 0.04 0.03 0.03 

14 15 12 15 20 23 

197 157 124 90 108 126 

106 80 60 42 56 67 

54 51 48 47 52 53 

86 65 49 32 42 52 

14 11 8.0 6.5 9.2 11 

4.8 2.8 1.9 2.4 2.8 2.6 

1.5 1.5 1.2 1.3 1.6 1.4 

I I 

0.58 0.47 0.29 0.19 0.24 0.27 

0.10 0.06 0.04 0.03 0.03 0.05 

0.42 0.30 0.18 0.07 0.11 0.13 

17 19 18 15 21 27 

I 0.671 0.381 0.171 0. 05 1 0.071 0 . 08 I 

3. 54 1 3.20 1 2. 78 1 2.52 I 2.86 1 3.29 r 
o .221 0.23\ O. 241 0.26 \ 0.24 I O. 22 I 



SOIL CHEMISTRY 

SOIL PROFILE CLnSS 3.4.4 

CODE NUMBER 18 

Thickness (cm) 

Horizon 

pH H2O , 

0.01 M CaC1 2 

1.0 M KCl 

ORGANIC MATTER 

Organic C (%) 

N (%) 

C/N 

CATION EXCHANGE 

CEC 1 M NH 40AC (rneq/kg) 

KCl (Al + H) + TEB (meq/kg) 

TOtal Exch. Bases (meqjkg) 

TEB/CEC NH 40AC (%) 

TEB/TEB + Exch. (Al + H) (%) 

Calciwn (meq/kg) 

Magnesiwn (meq/kg) 

Potassiwn (meq/kg) 

Sodiwn (meq/kg) 

Aluminium - KCl (meq/kg) 

Hydrogen - KCl (meqjkg) 

AMMONIUM OXALATE 

Alwniniwn (%) 

Iron (%) 

PHOSPHORUS 

Total - Na2C03 fusion (mg/g) 

TOtal - XRF (mg/g) 

0.5 M H2S04 soluble (mg/g) 

Organic phosphorus (mg/g) 

Phosphate retention C%) 

POTASSIUM 

Kc (meqjkg) 

SULPHUR 

TOtal - XRF (mg/g) 

CALCIUM 

TOtal - XRF (mg/g) 

ZIRCONIUM 

TOtal - XRF. (mg/g) 

410. 

18.1 18.2 18.3 18.4 18.5 18.6 

10 10 20 20 20 20 

Ahl Ahl ~h/Bwl 2Bw2 2Bw2 2Cu 

4.9 5.4 5.8 5.9 6.2 6.3 

4.4 4.6 4.9 4.9 5.2 5.5 

8.1 3.7 1.3 0.5 0.4 0.5 

0.57 0.27 0.09 0.03 0.02 0.04 

14 14 14 17 20 13 

263 185 119 101 99 101 

72 48 36 25 36 51 

27 26 30 25 36 50 

53 32 25 17 27 39 

12 8.8 5.7 4.1 5.5 8.3 

6.3 6.2 3.6 2.4 2.2 2.0 

1.1 1.3 1.2 1.5 1.6 1.6 

0.80 0.48 0.27 0.18 0.18 0.20 

0.15 0.07 0.06 0.03 0.04 0.05 

0.58 0.31 0.13 0.07 0.07 0.10 

23 27 27 25 20 20 

1.111 0.441 0.1510.0610.0310.061 

2.791 2.301 2. 15 1 
, 

2. 19 1 2.54 I 3.00 1 I 

0. 18 1 0. 21 1 0. 24 1 0.231 0.2510.251 



SOIL CHEMISTRY 

SOIL PROFILE CLASS 3.1.4 

CODE NUMBER 19 

Thickness (cm) 

Horizon 

pH H2O " " 

0.01 M CaC1 2 

1.0 M KCl 

ORGANIC MATTER 

Organic C (%) 

N (%) 

C/N 

CATION EXCHANGE 

CEC 1 M NH 40AC (meg/kg) 

KCl (Al + H) + TEB (meg/kg) 

Tbtal Exch. Bases (meg/kg) 

TEB/CEC NH 40AC (%) 

TEB/TEB + Exch. (Al + H) ~%) 

Calcium (meg/kg) 

Magnesium (meg/kg) 

Potassium (meg/kg) 

Sodium (meg/kg) 

Aluminium - KCl (meg/kg) 

Hydrogen - KCl (meg/kg) 

AMMONIUM OXALATE 

Aluminium (%) 

Iron (%) 

PHOSPHORUS 

Tbtal - Na2C03 fusion (mg/g) 

Tbtal - XRF (mg/g) 

0.5 M H2S04 soluble (mg/g) 

Organic phosphorus (mg/g) 

Phosphate retention e%) 

POTASSIUM 

Kc (meg/kg) 

SULPHUR 

Tbtal - XRF (mg/g) 

CALCIUM 

Tbtal - XRF (mg/g) 

ZIRCONIUM 

'l'otal - XRF (mg/g) 

411. 

19.1 19.2 19.3 19.4 19.5 

10 10 20 20 15 

Ahl Ahl IAh/Bwl 2Bw2 2Cu 

4.9 5.4 5.4 5.2 5.2 

4.6 4.7 4.6 4.2 4.1 

4.9 2.6 1.4 0.4 0.5 

0.31 0.19 0.10 0.04 0.04 

16 14 14 10 13 

222 189 192 220 236 

97 81 69 28 21 

44 43 36 13 9 

68 58 50 15 7.4 

19 15 1 6.3 7.8 

8.3 6.8 6.7 4.9 4.0 

1.2 1.1 1.3 1.7 1.9 

I I I 
0.60 0.41 0.25 0.18 0.28 

0.23 0.07 0.04 0.05 0.08 

0.38 0.25 0.18 0.12 0.15 

20 23 29 46 60 

3.9 3.4 

0.601 0.27! 0.161 0.09! 0.10 1 

2.571 2.201 1. 751 0.331 0 . 281 I 
0·2l1 0.221 0.221 O. 17 I O. 17 ! 



SOIL CHEMISTRY 

SOIL PROFILE CLASS 3.3.4 

CODE NUMBER 20 

Thickness (em) 

Horizon 

pH H2O "-

0.01 M CaC1 2 

1.0 M KCl 

ORGANIC MATTER 

Organic C ( %) 

N ( %) 

C/N 

CATION EXCHANGE 

CEC 1 H NH40AC (meg/kg) 

KCl (AI + H) + TEB (meg/kg) 

Total Exch. Bases (meg/kg) 

TEB/CEC NH40AC (%) 

TEB/TEB + Exch. (Al + H) (%) 

Calcium (meg/kg) 

Magnesium (meg/kg) 

Potassium (meg/kg) 

Sodium (meg/kg) 

Aluminium - KCl (meg/kg) 

Hydrogen - KCl (meg/kg) 

AMMONIUM OXALATE 

Aluminium (%) 

Iron (%) 

PHOSPHORUS 

Tbtal - Na2C03 fusion (mg/g) 

Total - XRF (mg/g) 

0.5 M H2S04 soluble (mg/g) 

Organic phosphorus (mg/g) 

Phosphate retention C~} 

POTASSIUM 

Kc (meg/kg) 

SULPHUR 

Total - XRF (mg/g) 

CALCIUM 

Total - XRF (mg/g) 

ZIRCONIUM 

Total - XRF. (mg/g) 

412. 

20.1 20.2 20.3 20.4 20.5 20.6 20.7 

10 10 20 20 10 20 10 

All 1 All 1 ~All/Bw 2Bw2 2Bw2 3Cu 3Cu 

5.0 5.3 5.6 5.6 5.5 5.5 5.4 

4.7 4.7 4.7 4.7 4.4 4.3 4.4 

6.1 3.5 1.7 0.8 0.6 0.7 0.9 

0.41 0.23 0.10 0.04 0.04 0.05 0."06 

15 15 17 20 15 14 15 

224 151 150 126 145 268 299 

92 62 41 30 26 39 22 

41 41 27 24 18 15 7 

69 47 30 21 16 22 12 

15 9.7 7.5 6.5 6.6 12 5.8 

6.7 3.6 2.4 1.6 2.0 2.6 2.2 

1.5 1.3 1.3 1.3 1.6 1.9 1.7 

0.67 0.42 0.29 0.22 0.20 0.32 0.53 

0.16 0.06 0.04 0.03 0.04 0.11 0.23 

0.45 0.28 0.18 0.11 0.09 0.17 0.28 

24 28 28 30 36 69 87 

0. 781 0. 391 0. 181 0. 09 1 0.071 0.111 0. 14 1 

3. 131 2. 69 1 2. 211 1. 751 1. 37 1 0.70 I 0. 501 

0. 201 0.221 0.25\ 0.24\ 0.23\ 0.1710.151 



SOIL CHEMISTRY 

SOIL PROFILE CLASS 3.2.4 

CODE NUMBER 21 

Thickness (cm) 

Horizon 

pH H2O 

0.01 M CaC12 

1.0 M KC1 

ORGANIC MATTER 

Organic C (%) 

N (%) 

C/N 

CATION EXCHANGE 

CEC 1 M NH 40AC (meg/kg) 

KC1 (AI + H) + TEB (meg/kg) 

Total Exch. Bases (meg/kg) 

TEB/CEC NH40AC (%) 

TEB/TEB + Exch. (AI + H) (%) 

Calcium (meg/kg) 

Magnesium (meg/kg) 

Potassium (meg/kg) 

Sodium (meg/kg) 

Aluminium - KC1 (meg/kg) 

Hydrogen - KC1 (meg/kg) 

AMMONIUM OXALATE 

Aluminium (%) 

Iron (%) 

PHOSPHORUS 

TOtal - Na2C03 fusion (mg/g) 

Total - XRF (mg/g) 

0.5 M H2S04 soluble (mg/g) 

Organic phosphorus (mg/g) 

Phosphate retention (%) 

POTASSIUM 

Kc (meg/kg) 

SULPHUR 

Total - XRF (mg/g) 

CALCIUM 

Total - XRF (mg/g) 

ZIRCONIUM 

Total - XRF. (mg/g) 

413. 

21.1 21.2 21.3 21.4 21.5 21.6 

10 10 20 20 20 10 

Ah1 Ah1 iAh/Bwl 2Bw2 3Cu 3Cu 

5.2 5.3 5.5 5.4 5.5 5.6 

4.7 4.7 4.7 4,5 4.6 4.7 

4.5 2.7 1.4 1.5 0.8 0.5 

0.28 0.17 0.09 0.10 0.05 0.05 

16 16 16 15 16 10 

210 173 194 277 162 104 

99 62 56 35 6 3 

47 36 29 13 4 3 

76 46 40 23 3.6 1.5 

17 13 13 9.1 1.3 0.8 

4 . .0 2.0 1.5 1.0 0.5 0.3 

1.8 1.0 1.1 1.5 0.7 0.8 

I I I 
0.51 0.36 0.30 0.30 0.51 0.63 

0.14 0.04 0.06 0.09 0.24 0.32 

0.38 0.24 0.17 0.15 0.18 0.14 

30 30 36 86 70 53 

1.9 2.9 

1 0 . 59 1 0 .2910.20 1 0.2410.15 10.08 1 

I 3. 04 1 2.61 1 2.41 11.25 11. 76 12.60 I 

10 . 21 L 0.2310.2310.18 1 0 . 22 10 . 25 1 



SOIL CHEMISTRY 

SOIL PROFILE CLASS 3.4.4 

CODE NUMBER 22 

Thickness (cm) 

Horizon 

pH H2O 

0.01 M CaC12 

1.0 M KC1 

ORGANIC MATTER 
/ 

Organic C (%) 

N ( %) 

C/N 

CATION EXCHANGE 

CEC 1 M NH 40AC (meg/kg) 

KC1 (AI + H) + TEB (meg/kg) 

Tbta1 Exch. Bases (meg/kg) 

TEB/CEC NH40AC (%) 

TEB/TEB + Exch. (AI + H) (%) 

Calcium (meg/kg) 

Magnesium (meg/kg) 

Potassium (meg/kg) 

Sodium (meg/kg) 

Aluminium - KC1 (meg/kg) 

Hydrogen - KC1 (meg/kg) 

AMMONIUM OXALATE 

Aluminium (%) 

Iron (%) 

PHOSPHORUS 

'rota1 - Na2C03 fusion (mg/g) 

Tbta1 - XRF (mg/g) 

0.5 M H2S04 soluble (mg/g) 

Organic phosphorus (mg/g) 

Phosphate retention C%) 

POTASSIUM 

Kc (meg/kg) 

SULPHUR 

Tbta1 - XRF (mg/g) 

CAI,CIUM 

Tbtal - XRF (mg/g) 

ZIRCONIUM 

Tbtal - XRF. (mg/g) 

414. 

22.1 22.2 22.3 22.4 22.5 22.6 

10 10 20 20 20 20 

Ahl Ahl Bwl Bw2 Bw2 Cu 

4.9 5.2 5.4 5.3 5.5 5.4 

4.6 4.7 4.7 4.5 4.5 4.5 

3.9 3.9 3.8 3.7 3.7 3.7 

5.1 2.9 1.2 1.0 0.7 0.5 

0.36 0.21 0.11 0.07 0.05 0.05 

14 14 11 14 14 10 

208 153 125 139 131 134 

112 79 62 61 64 66 

99 69 46 32 32 31 

48 45 37 23 24 23 

88 87 74 52 50 46 

78 54 34 20 20 20 

16 12 8.6 7.8 7.8 7.6 

4.7 1.9 2;1 3.1 2.9 2.5 

0.6 0.8 0.9 0.8 1.1 0.9 

7.0 8.0 13 26 29 32 

6.0 2.0 3.0 3.0 3.0 4.0 

0.22 0.18 0.17 0.26 0.28 

0.20 0.19 0.18 0.28 0.27 

0.72 0.39 0.27 0.24 0.22 0.21 

0.7] 0.46 0.28 0.25 0.24 0.21 

0.18 0.07 0.03 . 0.04 0.04 0.05 

0.48 0.30 0.19 0.15 0.13 0.12 

21 20 20 30 33 35 

2.81 2.6 2.6 3.4 2.7 3.4 

0.741 0.32\ 0.141 0.101 0.091 0.071 

3.0~ 2.601 2.091 1.621 1. 701 1.851 I 
0.29 0. 231 0. 231 0.221 0. 24 1 0. 24 1 



SOIL CHEMISTRY 

SOIL PROFILE CLASS 3.4.4 

CODE NUMBER 23 

Thickness (cm) 

Horizon 

pH H2O , 

0.01 M CaC12 

1.0 M KCl 

ORGANIC MATTER 

Organic C (%) 

N (%) 

C/N 

CATION EXCHANGE 

CEC 1 M NH 40AC (meg/kg) 

KCl (AI + H) + TEB (meg/kg) 

TOtal Exch. Bases (meg/kg) 

TEB/CEC NH40AC (%) 

TEB/TEB + Exch. (AI + H) (%) 

Calcium (meg/kg) 

Magnesium (meg/kg) 

Potassium (meg/kg) 

Sodium (meg/kg) 

Aluminium - KCl (meg/kg) 

Hydrogen - KCl (meg/kg) 

AMMONIUM OXALATE 

Aluminium (%) 

Iron (%) 

PHOSPHORUS 

Total - Na2C03 fusion (mg/g) 

TOtal - XRF (mg/g) 

0.5 M H2S04 soluble (mg/g) 

Organic phosphorus (mg/g) 

Phosphate retention Ct) 

POTASSIUM 

Kc (meg/kg) 

SULPHUR 

TOtal - XRF (mg/g) 

CALCIUM 

TOtal - XRF (mg/g) 

ZIRCONIUM 

~btal - XRF (mg/g) 

415. 

23.1 23.2 23.3 23.4 23.5 23.6 

10 10 20 20 20 20 

Ahl Ahl j!\h/Bwl 2Bw2 2Bw2 3Cu 

4.7 5.1 5.5 5.4 5.5 5.8 

4.4 4.5 4.7 4.7 4.7 5.0 

3.8 3.8 3.8 3.7 3.9 4.0 

6.4 3.9 2.0 0.7 0.5 0.6 

0.44 0.27 0.10 0.05 0.04 0.05 

15 14 20 14 13 12 

262 194 125 106 135 136 

123 79 57 49 48 55 

110 61 39 27 28 39 

42 31 31 25 21 29 

89 77 68 56 58 72 

79 46 32 21 21 24 

24 II 5.3 5.1 5.4 12 

5.7 2.4 0.8 0.7 1.2 1.6 

1.3 1.4 1.1 0.6 0.6 1.4 

8.0 15 16 19 19 13 

6.0 3.0 2.0 2.0 1.0 2.0 , 

0.25 0.25 0.18 0.18 0.28 0.51 

0.21 0.24 0.22 0.23 0.23 0.30 

0.80 0.46 0.25 0.17 0.17 0.22 

0.27 0.09 0.04 0.04 0.03 0.04 

0.51 0.34 0.18 0.09 0.08 0.08 

20 25 22 22 28 40 

I 0.881 0. 42 1 0. 16 1 0.0810.0810.091 

L-.3 _" 4--1611.-2 ._5-..!51_2_._21-LI_l_._ 93-:..1_2_. 3_1-,-1_2_.9_6 -->-'_--,1 

O. 18\ O. 211 o. 221 o. 23 I O. 24 1 O. 23 I 



SOIL CHEMISTRY 

SOIL PROFILE CLASS 

CODE NUMBER 24 

Thickness (cm) 

Horizon 

pH H2O .-

0.01 M CaC1 2 

1.0 M KC1 

ORGANIC MATTER 

Organic C (%) 

N (%) 

C/N 

CATION EXCHANGE 

3.4.4 

CEC 1 M NH 40AC (meg/kg) 

KCl (AI + H) + TEB (meg/kg) 

'lbta1 Exch. Bases (meg/kg) 

TEB/CEC NH40AC (%) 

TEB/TEB + Exch. (A1 + H) (%) 

Calcium (meg/kg) 

Magnesium (meg/kg) 

Potassium (meg/kg) 

Sodium (meg/kg) 

Aluminium - KCl (meg/kg) 

Hydrogen - KCl (meg/kg) 

AMMONIUM OXALATE 

Aluminium (%) 

Iron (%) 

PHOSPHORUS 

Tbtal - Na2C03 fusion (mg/g) 

'lbta1 - XRF (mg/g) 

0.5 M H2S04 soluble (mg/g) 

Organic phosphorus (mg/g) 

Phosphate retention C%) 

POTASSIUM 

Kc (meg/kg) 

SULPHUR 

'lbtal - XRF (mg/g) 

CALCIUM 

-'lbta1 - XRF (mg/g) 

ZIRCONIUM 

'lbta1 - XRF (mg/g) 

416. 

24.1 24.2 24.3 24.4 24.5 24.6 

10 10 20 20 20 20 

Ahl Ahl Ah/Bwl 2Bw2 2Bw2 2Cu 

4.8 5.1 5.7 6.1 6.1 6.1 

4.6 4.7 5.1 5.4 5.4 5.4 

4.0 4.0 4.3 4.6 4.5 4.3 

10.4 4.9 3.0 1.8 1.3 1.2 

0.83 0.41 0.22 0.11 0.07 0.07 

13 12 14 16 19 17 

357 230 175 168 154 154 

187 121 98 96 77 69 

173 112 94 94 74 65 

48 49 54 56 48 42 

93 93 96 98 96 93 

130 87 80 80 62 52 

33 20 11 11 9.7 9.0 

8.2 3.3 2.2 1.7 1.6 2.2 

1.9 1.0 0.9 1.0 0.8 1.3 

4.0 4.0 2.0 1.0 2.0 4.0 

10 5.0 2.0 1.0 1.0 1.0 

0.28 0.23 0.25 0.30 0.36 0.52 

0.24 0.25 0.24 0.27 O.~ 31 0.38 

1.03 0.64 0.37 0.23 0.21 0.22 

1.07 0.69 0.49 0.32 0.29 0.31 

0.22 0.08 0.05 0.04 0.05 0.07 

0.73 0.50 0.30 0.19 0.14 0.13 

25 28 28 26 35 44 

2.5 2.4 2.0 12.0 12.1 12.3 

11. 56 1 0.70 1 0.28 1 0.14 1 0.12 1 0.13 I 

14.6713.7113.5813.5913.2613.05 I 

~161 0.2110.2210.2310.25 1 0 . 23 I ~ 



SOIL CHEMISTRY 

SOIL PROFILE CLASS 2.2.2 

CODE NUMBER 25 

Thickness (em) 

Horizon 

pH H20 

0.01 M CaC12 

1.0 M KCl 

ORGANIC MATTER 

Organic C (%) 

N ( %) 

C/N 

CATION EXCHANGE 

CEC 1 M NH 40AC (m'eq/kg) 

KCl (AI + H) + TEB (meq/kg) 

~otal Exch. Bases (meq/kg) 

TEB/CEC NH40AC (%) 

TEB/TEB + Exch. (AI + H) (%) 

Calcium (meq/kg) 

Magnesium (meq/kg) 

Potassium (meq/kg) 

Sodium (meq/kg) 

Aluminium - KCl (meq/kg) 

Hydrogen -.KCl (meq/kg) 

AMMONIUM OXALATE 

Aluminium (%) 

Iron (%) 

PHOSPHORUS 

TOtal - Na2C03 fusion (mg/g) 

Total - XRF (mg/g) 

0.5 M H2S04 soluble (mg/g) 

Organic phosphorus (mg/g) 

Phosphate retention c%) 

POTASSIUM 

Kc (meq/kg) 

SULPHUR 

Total - XRF (mg/g) 

CALCIUM 

Total - XRF (mg/g) 

ZIRCONIUM 

Total - XRP (mg/g) 

417. 

25.1 25.2 25.3 

10 10 10 

Ahl Ahl Bwl 

6.3 3.8 2.4 

0.51 0.32 0.23 

12 12 10 

·277 231 210 

174 159 140 

63 69 73 

112 100 89 

39 35 31 

22 22 18 

1.3 1.5 1.4 

[I I I III 

0.47 0.38 0.22 

0.90 0.76 0.64 

21 22 27 

I 



SOIL CHEMISTRY 

SOIL PROFILE CLASS 

CODE Nut-mER 26 

Thickness (cm) 

Horizon 

0.01 M CaC1 2 

1.0 M KCl 

ORGANIC MATTER 

Organic C (%) 

N (%) 

C/N 

CATION EXCHANGE 

1.1.1 

CEC 1 M NH 40AC (meg/kg) 

KC1 (AI + H) + TEB (meg/kg) 

Tbtal Exch. Bases (meg/kg) 

TEB/CEC NH40AC (%) 

TEB/TEB + Exch. (AI + H) (%) 

Calcium (meg/kg) 

Hagnesium (meg/kg) 

Potassium (meg/kg) 

Sodium (meg/kg) 

Aluminium - KC1 (meg/kg) 

Hydrogen - KC1 (meg/kg) 

AMMONIUM OXALATE 

Aluminium (%) 

Iron (%) 

PHOSPHORUS 

Tbtal - Na2C03 fusion (mg/g) 

Tbta1 - XRF (mg/g) 

0.5 M H2S04 soluble (mg/g) 

Organic phosphorus (mg/g) 

Phosphate retention c%) 

POTASSIUM 

Kc (meg/kg) 

SULPHUR 

Tbtal - XRF (mg/g) 

CALCIUM 

Tbtal - XRF (mg/g) 

ZIRCONIUM 

~btal - XRP (mg/g) 

418. 

26.1 26.2 

I ::: I::; I I I I I I 

I :~~l hH I I I I I 
225 195 

173 148 

77 76 

106 95 

52 38 

13 14 

1.6 1.4 

0.42 0.39 

0.46 0.45 

14 16 



SOIL CHEMISTRY 

SOIL PROFILE CLASS 1.1.1 

CODE NUMBER 27 

Thickness (cm) 

Horizon 

pH H20 

0.01 M CaC1 2 

1.0 M KCl 

ORGANIC MATTER 

Organic C (%) 

N (%) 

C/N 

CATION EXCHANGE 

CEC 1 M NH 40AC (meg/kg) 

KCl (Al + H) + TEB (meg/kg) 

Total Exch. Bases (meg/kg) 

TEB/CEC NH40AC (%) 

TEB/TEB + Exch. (Ai + H) (%) 

Calcium (meg/kg) 

Magnesium (meg/kg) 

Potassium (meg/kg) 

Sodium (meg/kg) 

Aluminium - KCl (meg/kg) 

Hydrogen - KCl (meg/kg) 

AMMONIUM OXALATE 

Aluminium (%) 

Iron (%) 

PHOSPHORUS 

Total - Na2C03 fusion (mg/g) 

Total - XRF (mg/g) 

0.5 M H2S04 soluble (mg/g) 

Organic phosphorus (mg/g) 

Phosphate retention c%) 

POTASSIUM 

Kc (meg/kg) 

SULPHUR 

Total - XRF (mg/g) 

CALCIUM 

"Total - XRF (mg/g) 

ZIRCONIUM 

Total - XRP (mg/g) 

419. 

27.1 27.2 27.3 

4.5 3.7 3.4 

0.41 0.36 0.33 

11 10 10 

242 240 242 

136 130 129 
-

56 54 53 

99 97 99 

27 25 23 

8.2 7.1 6.1 

1.6 1.1 1.3 

0.41 0.41 0.41 

1.01 0.97 1.01 

30 35 34 



SOIL CHEMISTRY 

SOIL PROFILE CLASS 2.2.2 

CODE NUMBER 28 

Thickness (em) 

Horizon 

pH H20 

0.01 M CaC1 2 

1.0 M KC1 

ORGANIC MATTER 

Organic C (%) 

N (%) 

C/N 

CATION EXCHANGE 

CEC 1 M NH40AC (meg/kg) 

KCl (AI + H) + TEB (meg/kg) 

Tbta1 Exch. Bases (meg/kg) 

TEB/CEC NH40AC (%) 

TEB/TEB + Exch. (Al + H) (%) 

Calcium (meg/kg) 

Magnesium (meg/kg) 

Potassium (meg/kg) 

Sodium (meg/kg) 

Aluminium - KC1 (meg/kg) 

Hydrogen - KCl (meg/kg) 

AMMONIUM OXALATE 

Aluminium (%) 

Iron (%) 

PHOSPHORUS 

Tbtal - Na2C03 fusion (mg/g) 

Tbtal - XRF (mg/g) 

0.5 M H2S04 soluble (mg/g) 

Organic phosphorus (mg/g) 

Phosphate retention t%) 

POTASSIUM 

Kc (meg/kg) 

SULPHUR 

Tbta1 - XRF (mg/g) 

CALCIUM 

Tbta1 - XRF (mg/g) 

ZIRCONIUM 

'Iota1 - XRP (mg/g) 

420. 

28 1 28 2 28.3 28.4 . 
10 10 10 20 

Ahl Ahl Ah/Bwl Bw2 

5.7 4.4 2.9 1.5 

0.41 0.35 0.28 0.17 

14 13 10 9 

248 235 205 177 

168 159 141 116 

166 158 139 114 

67 67 68 64 

98 99 99 98 

115 112 102 83 

36 32 26 21 

13 12 10 8.6 

1.6 1..5 1.2 1.3 

1 .. 0 0.5 0.5 1.5 

2.0 1.0 1.0 1.0 

D. 251 O.2~ 1 0. 27 1 
0.40 0.36 0.36 I I I 

0.30 0.26 0.21 0.15 

0.92 0.89 0.81 0.70 

21 24 26 28 



SOIL CHEMISTRY 

SOIL PROFILE CLASS 3.2.2 

CODE NUMBER 29 

Thickness (cm) 

Horizon 

pH H2O . 
0.01 M CaC12 

1.0 M KCl 

ORGANIC MATI'ER 

Organic C (%) 

N (%) 

C/N 

CATION EXCHANGE 

CEC 1 M NH 40AC (meg/kg) 

KCl (AI + H) + TEB (meg/kg) 

Tbtal Exch. Bases (meg/kg) 

TEB/CEC NH40AC (%) 

TEB/TEB + Exch. (AI + H) (%) 

Calcium (meg/kg) 

Magnesium (meg/kg) 

Potassium (meg/kg) 

Sodium (meg/kg) 

Aluminium - KCl (meg/kg) 

Hydrogen - KCl (meg/kg) 

AMMONIUM OXALATE 

Aluminium (%) 

Iron (%) 

PHOSPHORUS 

Total - Na2C03 fusion (mg/g) 

Tbtal - XRF (mg/g) 

0.5 M H2S04 soluble (mg/g) 

Organic phosphorus (mg/g) 

Phosphate retention (~) 

POTASSIUM 

Kc (meg/kg) 

SULPHUR 

Tbtal - XRF (mg/g) 

CALCIUM 

Tbtal - XRF (mg/g) 

ZIRCONIUM 

Tbtal - XRF (mg/g) 

421. 

29.1 29.2 29.3 29.4 29.5 29.6 

10 10 20 20 20 20 

Ahl Ahl Ah/Bw Bw2 Bw2 Cu 

5.6 5.9 6.0 6.2 6.2 6.2 

5.0 5.1 5.1 5.2 5.2 5.3 

4.6 3.3 1.9 0.9 0.5 0.5 

0.33 0.24 0.19 0.10 0.06 0.05 

14 14 10 9 8 10 

213 206 173 138 124 116 

143 135 115 103 89 97 

141 134 114 101 87 95 

66 65 66 73 70 82 

99 99 99 98 98 98 

102 105 87 79 71 78 

29 20 21 18 12 13 

8.4 7.0 4.2 2.3 2.5 2.2 

1.7 1.8 1.6 1.7 1.5 1.3 

0.5 0.5 1.0 1.5 1.5 1.5 

1.5 1.0 0.5 0.5 0.5 0.5 

I I 

0.34 0.30 0.20 0.18 0.20 0.20 

0.97 0.93 0.82 0.51 0.28 0.23 

24 25 26 20 14 13 



SOIL CHEMISTRY 

SOIL PROFILE CLASS 3.4.2 

CODE NUMBER 30 

Thickness (cm) 

Horizon 

pH H2O "" 

0.01 M CaC1 2 

l.0 M KCl 

ORGANIC MATTER 

Organic C (%) 

N ( %) 

tiN 

CATION EXCHANGE 

CEC 1 M NH 40AC (meq/kg) 

KCl (AI + H) + TEB (meq/kg) 

Tbtal Exch. Bases (meq/kg) 

TEB/CEC NH40AC (%) 

TEB/TEB + Exch. (AI + H) (%) 

Calcium (meq/kg) 

Magnesium (meq/kg) 

Potassium (meq/kg) 

Sodium (meq/kg) 

Aluminium - KCl (meq/kg) 

Hydrogen - KCl (meq/kg) 

AMMONIUM OXALATE 

Aluminium (%) 

Iron (%) 

PHOSPHORUS 

~Dtal - Na2C03 fusion (mg/g) 

Tbtal - XRF (mg/g) 

0.5 M H2S04 soluble (mg/g) 

Organic phosphorus (mg/g) 

Phosphate retention t%) 

POTASSIUM 

Kc (meq/kg) 

SULPHUR 

Tbtal - XRF (mg/g) 

CALCIUM 

·Tbtal - XRF (reg/g) 

ZIRCONIUM 

Total - XRP (mg/g) 

422. 

30.1 30.2 30.3 30.4 30.5 30.6 

10 10 20 20 20 20 

Ahl Ahl Ahl Bwl Bwl Cu 

5.6 6.0 6.2 6.7 6.8 6.7 

5.0 5.3 5.5 5.8 5.9 5.7 

6.4 4.1 3.4 1.3 0.6 0.7 

0.41 0.32 0.29 0.13 0.08 0.08 

16 13 12 10 8 9 

265 216 220 163 133 128 

197 173 186 134 113 102 

195 172 186 134 113 102 

74 80 85 82 85 80 

99 99 100 100 100 100 

143 132 147 101 85 77 

39 29 29 26 21 17 

11 9.1 7.8 5.3 5.4 6.5 

1.6 1.5 1.8 1.4 1.4 1.2 

0 0 0 0 0 0 

2.0 1.0 0.5 0.5 0.5 0.5 

0.22 0.23 0.25 0.24 0.16 0.17 

0.33 0.34 0.35 0.35 0.25 0.31 

0.44 0.42 0.38 0.32 0.24 0.30 

1.02 0.99 0.96 0.72 0.67 0.42 

15 19 20 19 16 16 



SOIL CHEMISTRY 

SOIL PROFILE CLASS 2.3.1 

CODE NUMBER 31 

Thickness (cm) 

Horizon 

pH H20 

0.01 M CaC12 

1.0 M KCl 

ORGANIC MATTER 

Organic C (%) 

N (%) 

C/N 

CATION EXCHANGE 

CEC 1 M NH 40AC (meg/kg) 

KCl (AI + H) + TEB (meg/kg) 

Tbtal Exch. Bases (meg/kg) 

TEB/CEC NH40AC (%) 

TEB/TEB + Exch. (AI + H) (%) 

Calcium (meg/kg) 

Magnesium (meg/kg) 

Potassium (meg/kg) 

Sodium (meg/kg) 

Aluminium - KCl (meg/kg) 

Hydrogen - KCl (meg/kg) 

AMMONIUM OXALATE 

Aluminium (%) 

Iron (%) 

PHOSPHORUS 

Tbtal - Na2C03 fusion (mg/g) 

Tbtal - XRF (mg/g) 

0.5 M H2S04 soluble (mg/g) 

Organic phosphorus (mg/g) 

Phosphate retention C%) 

POTASSIUM 

Kc (meg/kg) 

SULPHUR 

Tbtal - XRF (mg/g) 

CALCIUM 

Tbtal - XRF (mg/g) 

ZIRCONIUM 

Tbtal - XRF (mg/g) 

423. 

31.1 31. 2 31. 3 

10 20 20 

Ah1 2BwR 2RCu 

2.0 0.5 0.3 

0.16 0.06 0.04 

13 8 8 

207 292 334 

162 236 228 

78 81 68 

93 126 113 

57 102 108 

11 5.5 2.9 

1.4 2.0 4.1 

[I I I I 

0.21 0.19 0.22 

0.29 0.22 0.20 

14 16 21 



SOIL CHEMISTRY 

SOIL PROFILE CLASS 

CODE NUMBER 32 

Thickness (cm) 

Horizon 

0.01 M CaC12 

1.0 M KCl 

ORGANIC MATTER 

Organic C (%) 

N (%) 

C/N 

CATION EXCHANGE 

1. 3.1 

CEC 1 M NH 40AC (meg/kg) 

KCl (Al + H) + TEB (meg/kg) 

Tbtal Exch. Bases (meg/kg) 

TEB/CEC NH40AC (%) 

TEB/TEB + Exch. (Al + H) (%) 

Calcium (meg/kg) 

Magnesium (meg/kg) 

Potassium (meg/kg) 

Sodium (meg/kg) 

Aluminium - KCl (meg/kg) 

Hydrogen - KCl (meg/kg) 

AMMONIUM OXALATE 

Aluminium (%) 

Iron (%) 

PHOSPHORUS 

TOtal - Na2C03 fusion (mg/g) 

Tbtal - XRF (mg/g) 

0.5 M H2S04 soluble (mg/g) 

Organic phosphorus (mg/g) 

Phosphate retention (~) 

POTASSIUM 

Kc (meg/kg) 

SULPHUR 

Tbtal - XRF (mg/g) 

CALCIUM 

Tbtal - XRF (mg/g) 

ZIRCONIUM 

'rotal - XRF (mC]/g) 

424. 

32.1 32.2 

I ::: I ::: I I I I I I 

I ~~H ~~H I I I I I 
203 229 

140 155 

69 68 

89- 103 

41 45 

9.2 5.3 

1.2 1.7 

I I 
0.21 0.14 

0.40 0.48 

17 21 



SOIL CHEMISTRY 

SOIL PROFILE CLASS 1.1.1 

CODE NUMBER 33 

Thickness (em) 

Horizon 

pH H20 

0.01 M CaC12 

1.0 M KCl 

ORGANIC MATI'ER 

Organic C (%) 

N (%) 

C/N 

CATION EXCHANGE 

CEC 1 M NH 40AC (meg/kg) 

KCl (AI + H) + TEB (meg/kg) 

Total Exch. Bases (meg/kg) 

TEB/CEC NH 40AC (%) 

TEB/TEB + Exch. (AI + H) (%) 

Calcium (meg/kg) 

Magnesium (meg/kg) 

Potassium (meg/kg) 

Sodium (meg/kg) 

Aluminium - KCl (meg/kg) 

Hydrogen - KCl (meg/kg) 

AMMONIUl-iOXALATE 

Aluminium (%) 

Iron (%) 

PHOSPHORUS 

TOtal - Na2C03 fusion (mg/g) 

Total - 'XRF (mg/g) 

0.5 M H2S04 soluble (mg/g) 

Organic phosphorus (mg/g) 

Phosphate retention (%) 

POTASSIUM 

Kc (meg/kg) 

SULPHUR 

Total - XRF (mg/g) 

CALCIUM 

Total - XRF (mg/g) 

ZIRCONIUM 

Total - XRP (mg/g) 

425. 

33.1 33.2 

I~: I : I I I I I I 
I ::~ I ::: I I I I I I 

1~~:81~~H I I I I I 
205 230 

168 215 

82 93 

123 153 

38 57 

5.8 3.0 

1.0 1.6 

I I I 

0.15 0.12 

0.32 0.25 

13 14 

I 



SOIL CHEMISTRY 

SOIL PROFILE CLASS 

CODE NUMBER 34 

Thickness (em) 

Horizon 

pH H2O .... :-

0.01 M CaC1 2 

1.0 M KCl 

ORGANIC MATTER 

Organic C (%) 

N (%) 

C/N 

CATION EXCHANGE 

3.4.3 

CEC 1 M NH 40AC (meqjkg) 

KCl (AI + H) + TEB (meqjkg) 

Total Exch. Bases (meqjkg) 

TEB/CEC NH40AC (%) 

TEB/TEB + Exch. (AI + H) (%) 

Calcium (meqjkg) 

Magnesium (meqjkg) 

Potassium (meqjkg) 

Sodium (meqjkg) 

Aluminium - KCl (meqjkg) 

Hydrogen - KCl (meqjkg) 

AMMONIUM OXALATE 

Aluminium (%) 

Iron (%) 

PHOSPHORUS 

Total - Na2C03 fusion (mg/g) 

Total - XRF (mg/g) 

0.5 M H2S04 soluble (mg/g) 

Organic phosphorus (mg/g) 

Phosphate retention (%) 

POTASSIUM 

Kc (meq/kg) 

SULPHUR 

Total - XRF (mg/g) 

Cl\LCIUM 

Total - XRF (mg/g) 

ZIRCONIUM 

Total - XRF. (mg/g) 

426. 

34.1 34.2 34.3 34.4 34.5 34.6 

10 10 20 20 20 20 

Ahl Ahl fm/Bw1 Bw2 Bw3 Bw3 

5.6 6.1 6.5 6.8 7.1 7.3 

5.0 5.3 5.8 6.0 6.2 6.3 

4.8 3.2 1.4 0.8 0.4 0.3 

0.42 0.32 0.18 0.12 0.08 0.05 

11 10 8 7 5 6 

259 235 180 158 126 120 

175 180 140 122 113 107 

173 178 139 122 113 106 

67 76 77 77 90 88 

99 99 99 100 100 99 

125 134 104 88 85 78 

31 28 21 21 18 19 

16 15 13 12 9.0 7.7 

1. J. 1.3 1.1 1.3 1.2 1.7 
I 

a a a a a a 

2.0 2.0 0.5 a a a.!:> 

0.25 0.27 0.28 0.23 0.16 0.15 

0.33 0.34 0.33 0.27 0.24 0.25 

0.41 0.34 0.24 0.22 0.21 0.19 

1.05 0.98 0.81 0.60 0.39 0.21 

20 21 24 20 16 13 



SOIL CHEMISTRY 

SOIL PROFILE CLJ\SS 4.4.2 

CODE NUMBER 35 

Thickness (cm) 

Horizon 

pH H2O 

0.01 M CaC12 

l.0 M KCl 

ORGANIC MATTER 

Organic C (%) 

N ( %) 

C/N 

CATION EXCHANGE 

CEC 1 H NH40AC (meg/kg) 

KCl (AI + H) + TEB (meg/kg) 

Tbtal Exch. Bases (meg/kg) 

TEB/CEC NH40AC (%) 

TEB/TEB + Exch. (AI + H) (%) 

Calcium (meg/kg) 

Magnesium (meg/kg) 

Potassium (meg/kg) 

Sodium (meg/kg) 

Aluminium - KCl (meg/kg) 

Hydrogen - KCl (meg/kg) 

AMMONIUH OXALATE 

Aluminium (%) 

Iron (%) 

PHOSPHORUS 

Tbtal - Na2C03 fusion (mg/g) 

Tbtal - XRF (mg/g) 

0.5 M H2S04 soluble (mg/g) 

Organic phosphorus (mg/g) 

Phosphate retention (%) 

POTASSIUM 

Kc (meg/kg) 

SULPHUR 

Tbtal - XRF (mg/g) 

CALCIUM 

Tbtal - XRF (mg/g) 

ZIRCONIUM 

Total - XRF· (rng/g) 

427. 

35.1 35.2 35.3 35.4 35.5 35.6 

10 10 20 20 20 20 

Ahl Ahl IAh/Bwl Bw2 Bw2 Bw2 

5.9 6.2 6.7 6.9 6.9 7.0 

5.3 5.6 5.8 5.9 5.9 6.0 

4.6 2.8 1.1 0.6 0.4 0.4 

0.36 0.24 0.13 0.08 0.08 0.07 

13 12 8 8 5 6 

249 214 160 135 132 137 

188 164 123 108 109 114 

76 77 77 80 83 83 

141 129 97 83 85 90 

32 25 19 18 17 17 

14 8.8 5;8 5.8 5.8 5.1 

0.9 1.1 1.2 1.1 1.0 1.4 

I I I 

0.41 0.38 0.20 0.19 0.20 0.19 

1.03 0.89 0.72 0.51 0.44 0.43 

18 19 21 16 15 15 



SOIL CHEMISTRY 

SOIL PROFILE CLASS 4.2.3 

CODE NUMBER 36 

Thickness (em) 

Horizon 

pH H2O 

0.01 M CaC12 

1.0 M KCl 

ORGANIC MATTER 

Organic C ( %) 

N ( %) 

C/N 

CATION EXCHANGE 

CEC 1 M N}I40AC (meg/kg) 

KCl (AI + H) + TEB (meg/kg) 

Total Exch. Bases (meg/kg) 

TEB/CEC NH40AC (%) 

TEB/TEB + Exch. (AI + H) (%) 

Calcium (meg/kg) 

Magnesium (meg/kg) 

Potassium (meg/kg) 

Sodium (meg/kg) 

Aluminium - KCl (meg/kg) 

Hydrogen - KCl (meg/kg) 

AMMONIUM OXALATE 

Aluminium (%) 

Iron (%) 

PHOSPHORUS 

Tbtal - Na2C03 fusion (mg/g) 

Total - XRF (mg/g) 

0.5 M H2S04 soluble (mg/g) 

Organic phosphorus (mg/g) 

Phosphate retention C~) 

POTASSIUM 

Kc (meg/kg) 

SULPHUR 

Total - XRF (mg/g) 

CALCIUM 

·Total - XRF (mg/g) 

ZIRCONIUM 

Total - XRF (mg/g) 

428. 

36.1 36.2 36.3 36.4 36.5 36.6 

10 10 20 20 20 20 

Ahl Ahl IAh/Bwl Bw2 Bw3 Bw3 

6.0 6.1 6.4 6.5 6.6 6.6 

5.3 5.3 5.4 5.4 5.4 5.3 

3.5 2.8 0.9 0.4 0.3 0.3 

0.24 0.23 0.12 0.07 0.05 0.04 

15 12 8 6 6 8 

219 200 144 124 113 121 

153 135 107 90 82 101 

152 134 106 88 80 99 

69 67 74 71 71 82 

99 99 99 98 98 98 

111 100 76 68 66 79 

29 25 23 16 10 15 

11 8.6 6.3 3.1 2.6 2.7 

0.8 0.8 1.0 1.0 1.6 2.0 

0 0 0 0.5 1.0 1.5 

1.5 1.0 1.0 1.0 1.0 1.0 

0.23 0.22 0.22 0.15 0.14 0.10 

0.30 0.27 0.27 0.17 0.12 0.13 

0.39 0.23 0.12 0.08 0.07 0.07 

0.71 0.70 0.47 0.30 0.19 0.16 

17 18 19 13 11 11 



CHAPTER SEVEN 

A STUDY OF SOIL DEVELOPMENT AND DISTRIBUTION WITHIN THE HURUNUI 

AND HALDON STEEPLAND SOILS, CANTERBURY, NEW ZEALAND. 

EPILOGUE 

429. 

Soil and land resource surveys are dependent upon the recognition 

and analysis of repeating patterns of soil and landscape attributes. 

within these patterns it is generally assumed that it is possible to 

predict the distribution of soils, with characteristic morphological 

and chemical properties. It is also assumed that relationships exist 

between plant growth and the distribution of plant communities, and of 

soils. The task of investigating these latter relationships and 

testing the assumptions involved requires that the general relationships 

of the soil pattern to landform have been established by research, and 

the synthesis of appropriate models. These models of soil landscape 

and pedogenic relationships provide working hypotheses that may be 

tested in the field and laboratory. 

In the introduction to this study the procedures for initiating 

and undertaking a soil survey were set out in the form of an algorithm 

(Figure 2). Following the determination of objectives, the task was 

divided into three phases; Research, Field Survey and Interpretation. 

In the algorithm these were set out as sequential steps. In the 

present study the Interpretation Phase was initiated following the 

preliminary part of the Research Phase. 

I Objectives 

~"" 
.--------"---, " 

Research Phase I ", 
r-------~-----------I I 
I Field Survey Phase : 
L __________________ J 

~-

Interpretation 

Phase 



The main Objective of this study was to test the hypothesis, 

that the soil landscape relationships within the Hurunui and Haldon 

steepland soils were capable of interpretation using the first order 

valley basin (Huggett, 1975) as an apriori model. 

The methods of investigation described in the component 

studies, including the literature review are an example of the 

Research Phase with respect to the stated objective. It is 

concluded from these studies that the first order valley basin is 

an appropriate soil landscape model for hill country formed on 

lithologies comparable to those of the ~rlesse Terrane (Andrews 

et al., 1976) and in similar climatic environments to those 

encompassed in this study. Furthermore, by stratifying sampling 

sites within physiographic components of first order valley basins, 

and by regarding each aspect as a separate soil landscape system, 

it has been possible to recognise relationships between; slope 

profile and contour physiographic strata and, (a) the debris mantle 

regolith stratigraphy and sedimentology, (b) soil profile classes 

and their distribution, and (c) soil chemical trends within nose and 

hollow transects. 

The Interpretation Phase has been achieved through the 

collaboration with others whose interest has been the quantification 

of plant ecological relationships and herbage production. At 

Coopers Creek,Radcliffe (1982) used the delineated areas of the 

soil map (Figure 26) as sampling strata in assessing the effects of 

aspect and topography on pasture production. It was shown that, 

"over 4 years, the mean annual herbage accumulation and the green 

content of this herbage were greater on the southerly than on the 

northerly aspect. Within an aspect, strata differed in net herbage 

accumulation, in the quality and digestibility of herbage mass, and 

in botanical composition". Similarly at Hunua, the preliminary 

results of a vegetation survey (Daly and Mason, 1982 - unpublished) 

showed that botanical composition differed between nose and hollow 

strata. The higher plant density and greater abundance of the more 

productive plant species in hollow strata infers that these are the 

more productive strata in favourable seasons. The soil fertility 

survey of the same area (~nkin et al., 1982) confirmed that the 

·fertility of the surface soil was comparable within strata on both 
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south and north aspects. Of the nutrients assessed, only sulphur was 

at suboptimal levels. On the basis of these "interpretive studies" 

it is concluded that the soil landscape strata, as illustrated by the 

delineated soil bodies at Coopers Creek (Figure 26) and at Mt Pleasant 

(Figure 27), are also edaphic strata. As such, they have significance 

in the design of agronomic experiments, and the monitoring herbage 

production. 

The Field Survey Phase, has not been incorporated into the 

present study. It is contended that the results of both the 

Research phase and the Interpretation phase provide sufficient 

information to establish improved definitions of both the Hurunui and 

Haldon steepland soils. Before proceeding to a Field Survey Phase 

it is necessary to review the results of the Research phase with 

respect to such a survey. If the objectives are the prediction of 

soil properties with respect to future pastoral or forestry land uses, 

then the concept of the minimum land management unit is a relevant 

consideration. The Research Phase has shown that the soil landscape 

relationships can be defined with respect to physiographic features 

of the landscape. Further, the information on soil profile classes 

and their distribution is sufficient to establish working definitions 

of mapping units designated respectively as Hurunui and Haldon 

associations. If further detail is required, then the component 

catena and complex mapping units, within these associations can be 

defined and delineated. In consequence of the map scale required to 

depict these more detailed d~lineated soil bodies « 1:5000) it is 

suggested that there is little to be gained from an extensive resurvey 

of either the Hurunui or Haldon ,steepland soils at commonly used map 

scales (1:10 000 to 1:50 000). At these map scales the appropriate 

soil mapping unit is the association, and the interpretation of soil 

landscape relationships would be dependant upon further detailed 

studies, similar to those described from Coopers Creek Research Area 

and Mt Pleasant, Hunua. Furthermore in hill country situations 

similar to those described, there is little value in establishing 

field surveys if the requisite laboratory support cannot be provided. 

The studies presented in this thesis clearly demonstrate that at the 

stages of soil development represented, soils with markedly similar 

morphological features can have contrasting chemical properties. 

Therefore soil resource assessments made using field data with minimal 
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laboratory data are subject to misleading interpretation. At the present 

stage of our assessment of New Zealand's hill country soil resource, 

perhaps a greater understanding of soil landscape and pedogenic 

relationships is required, rather than further delineation of soil 

mapping units, which are at presently poorly understood. The 

suggestion has been made by Yaalon (1975) that further advances in 

the solution of "univariate soil forming functions" might be established 

by studying families of topofunctions. Each topofunction would be 

chosen to illustrate changes in pedogenesis with time, on different 

mineral materials, or under different macroclimates. The studies 

described in this thesis are examples of this approach and illustrate 

the effects of both macroclimate and aspect related microclimate on 

leaching and soil development. These studies are offered as a 

contribution to the general understanding of pedogenesis within 

hill country terrain. 
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