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FRONTISPIECE

A view of the south-eastern fault-controlled front of
the Ruahine Range. Car Park Creek, a subcatchment of
the West Tamaki River, is seen in the centre of photo.
In the foreground, fertile floodplains are seen. These
are threatened by the inundation of erosion products
which are carried out of the mountainland by the rivers,
during storm periods.



ABSTRACT
The soils of a selected subcatchment of the Southern Ruahine Range have
been mapped at a scale of 1:5,000. The soil mapping units have been further

characterised by measurement of a number of soil physical and chemical

properties, together with an investigation of their sand and clay mineral-
ogies.

The erosion history since 20,000 yrs B.P. when the Aokautere Ash was
deposited in the West Tamaki River catchment, has been partially reconstructed
for this catchment. It is one of erosive periods and resulting aggradational
gravel deposits, alternating with more stable periods with soil development
and vegetation growth. Studies of a histosol (organic soil) on the sumhit
plateau of the Southern Ruahine Range, at the head of the catchment. suggests
fhat this soil is approximately 4600 years old, and prior to this time the
summit plateau was stripped by erosion.

Present erosion occurs predominantly: (1) on convex creep slopes, just
below the summit plateau, and (2) on the steep valley-sides. In the former
zone, where Takapari hill soils exist, deep-seated creep and mass movements
occur. In the latter zone, where Ruahine steepland soils exist, superficial
soil and rock slips are more common.

An investigation of the soil-water relationships for each soil mapping
unit indicates that a number of factors render the Takapari hill soils and
Ruahine steepland soils particularly susceptible to erosion. A comparison
of soil properties which affect the erosion susceptibilities of each soil
mapping unit has enabled an ordering of the units with respect to erosion
risk. Thus, areas of high, medium and low risk to erosion in the West
Tamaki River catchment have been delineated. Many of the deep-seated erosion
surfaces occur in the high risk area. Thus, if stabilisation of these
sites is possible, by intensive revegetation programmes, the result will
be a decrease in the amount of gravels carried out of the mountainland by

rivers onto the surrounding fertile floodplains.
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CHAPTER ONE

INTRODUCTION

1.1 REASONS FOR STUDY

The nature and distribution of the soils of the Southern Ruahine Range
are largely controlled by erosion processes in an area of very high
erosion rates. Few soil surveys have been conducted in this mountainland.
However, soils have been mapped at a scale of 1:63,360 in the Dannevirke
area by G.J. Smith (cited in Mosley, 1977) and in Woodville and Pohangina
counties by Rijkse (1974, 1977). There is a paucity of detailed information
on the soils of the Soqthern Ruahine Range, and knowledge of their parent
materials, genesis and distribution pattern with reference to slope angles

and erosion history is scarce.

Slope stability problems centre around the failure of the soil mantle
and underlying bedrock with subsequent formation of both shallow and deep-
seated erosion scars. The causes of this erosion in the Southern Ruahine
Range are by no means well-established, and in the last ten years concern has
mounted due to a commonly held belief that erosion rates have increased in
recent decades. The apparent increased incidence of mass movements and
slips, coupled with marked aggradation in river channels draining the
Range has led to the possibility of flooding in adjacent lowland areas.

These lowland areas are, in certain places, densely populated and are used

for highly productive livestock farming.

1.2 OBJECTIVES OF STUDY

The objectives of the present study were to assess the soil resources
of a selected study area with respect to:
(a) their relationship to the erosion history

(b) nature of parent materials



(c) their genesis and classification
(d) their relative erosion potential, involving measurement

of a number of soil physical and mineralogical properties.

It was anticipated that this information would help to explain the
erosion processes occurring in the study area, which are similar to those

occurring throughout the Southern Ruahine Range.

.3 CHOICE OF STUDY AREA

A number of reconnaissance trips to the Southern Ruahine Range were
made to investigate the erosion problem and the range of soils which occur
there. Information gathered on these trips was used to choose a study
area, in which a detailed soil survey could be carried out.

A subcatchment of the West Tamaki River, Car Park Creek, was chosen

as a suitable study area for the following reasons:

(a) the erosion problem, and range of soils, appeared to be typical
of the erosion and soils encountered over much of the area of
the Southern Ruahine Range.

(b) a considerable amount of background information is available for
the West Tamaki River catchment, from work carried out by the
Manawatu Catchment Board, Soil and Water Division of the
Ministry of Works and Development and the New Zealand Forest
Service.

(c) the West Tamaki River catchment provides the main water supply
for the town of Dannevirke and is thus an important catchment in
the Southern Ruahine Range,

(d) good access exists along vehicle and foot tracks at the top and
bottom of the West Tamaki River catchment and Car Park Creek
(the selected subcatchment). This was considered to be an
important factor in enabling widespread ground observations to

be made throughout the study area.



1.

(a)

METHODOLOGY OF STUDY

Fieldwork: Two major objectives of fieldwork studies were:

an investigation of the erosion history of the West Tamaki
River catchment, and an assessment of the soil resources

of Car Park Creek subcatchment, at 1:5,000 scale.

The former involved the identification and delineation of dep-
ositional surfaces in the main channel of the West Tamaki River
catchment. This part of the study provides a picture of past
erosion events in the catchment, and also shows the degree of
soil development on varying aged surfaces. The soils on the more
stable sites of the summit plateau were also investigated to
provide a stratigraphic control to the record of erosion events,
over the last few thousand years, on the unstable sites within
the study catchment.

The latter involved a survey of the soils in Car Park Creek
subcatchment. This entailed a detailed enquiry into the Ruahine
steepland soils, a mapping unit used in previous surveys to
describe the major portion of soils in the south-eastern Ruahine
Range. Also, the relationships of soil distribution to vege-
tation pattern, slope, geomorphology and parent materials were noted,
all of which are closely related to the erosion history.

Aerial photographs were used as an aid to fieldwork studies.
Photographs at a scale of 1: 20,000, published by the Department
of Lands and Survey were used as an aid in identifying erosional
and depositional surfaces. A series of aerial photos of Car Park
Creek, at an approximate scale of 1: 5,000, were flown by
Mr D.G. Bowler of the Department of Soil Science, Massey University
for use in the soil survey and for accurate determination of the

extent of erosion scars in the subcatchment.



(b)

Laboratory Investigations: Characterisation of the soils for

classification involved measurement of a number of soil physical
and chemical parameters to augment information obtained in the
field, (i.e. organic matter, bulk density, pH in NaF, P retention).
Mineralogy studies (sand and clay fractions) were used to
investigate the extent of weathering in these soils, as well as
the nature of the soil parent materials.
Soil-water characteristics were investigated by measuring:
the saturated hydraulic conductivity, macroporosity, total porosity,
and 15 bar water retention (of moist and previously dried samples)
values, in order to assess the susceptibility of the soils to
erosion. In this way, factors involved in the erosion of soils
within this area were defined. and these in turn revealed the units
of the landscape which had maximum susceptibility to erosion

processes.
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CHAPTER TWO

LITERATURE. REVIEW ON THE SOILS AND EROSION

SITUATION OF THE SOUTHERN RUAHINE RANGE

21l INTRODUCTION

In recent years, the Southern Ruahine Range has been an area of
intensive study, chiefly by governmental and quasi-governmental agencies,
due to concern over large amounts of gravel and other debris which are
transported from the eroding mountain range onto the adjoining farmland.
This detritus chokes many river beds, and is threatening between
24,300 and 28,300 hectares of fertile, flood-free plains of the Manawatu,
(Poole, 1973). A number of workers believe that erosion rates in this
area have increased markedly during the last few decades (James, 1973;
Stephens, 1975; Cunningham and Stribling, 1977; Grant, 1978). Stephens
has shown that between 1946 and 1974, a 1207 increase in area of eroded
slopes occurred in the No. 1 and Raparapawai catchments, of the Southern
Ruahine Range.

Brougham (1977) indicates that the Tamaki and Rokaiwhanga streams
were probably narrow (10-20m wide) and meandering, prior to deforestation
of the lower reaches. Following timber removal, tree stumps began to
rot out in the 1920's and 1930's, and the streams became wide, braided
channels, scouring through previously forested areas. This resulted in
loss of productive floodplain, which continues today. He considers that
bed levels rose by about 0.5m to 1.0m between 1910 and 1940; and again,
by a similar amount since 1940. Since 1940, the lateral extent of these
channels has increased by a factor of three to ten times.

Thus the problem of gravel extending over fertile floodplains in

this region is not a new one. It was acknowledged by Cumberland (1944),



who described "frost-bitten, windswept, golden scars of soil-stripped
patches along the crestline of the ranges'", which could be seen from a
distance of 30 miles. Cumberland attributed the "induced" erosion to
"the tread and grazing of animals - wild and domestic - and the use of
the firestick". However, Colenso (1884) wrote of '"very precipitous and

"extensive landslips'", before exotic

broken hills and ridges'", and
wildlife or domestic animals were introduced; and when burning had only
just commenced.

Mosley (1977) states that the precise nature, location and extent
of the problem has been only vaguely specified. He considers soils as
one of several factors of importance in the consideration of erosion in
the Ruahine Range. Cunningham and Stribling (1977) consider the soil

resources are a key factor in the Ruahine erosion situation, deserving

close study.

D2 LANDSCAPE EVOLUTION IN THE SOUTHERN RUAHINE RANGE

THROUGH GEOLOGICAL TIME

22 101 Genesis of the Mountain Range

Sediments that accumulated in the New Zealand Geosyncline, parallel
to the ''supercontinent" of Gondwanaland (Fleming, 1975), are mapped today
in the Ruahine and Tararua ranges as the Torlesse Supergroup, (Stevens,
1974). The sediments were deformed, and raised above sea-level, during
the Rangitata Orogeny, in early Cretaceous times (Fleming, 1975; Kingma,
1959).

Peneplanation of the Ruahine Range occurred between the Upper
Cretaceous and Palaeocene, when a marine transgression submerged the
southern North Island (Kingma, 1959). Fleming (1962) suggests that
this phase of peneplanation and quartoze sedimentation may be the only

really stable phase in New Zealand's geological history since the Devonian.



The peneplanation resulted in a level surface now exhumed and dissected
to form the marked summit accordance seen today in the Ruahine Range,
and Tararua Range (Wellman, 1948).

The sediments of the New Zealand Geosyncline have suffered a second
deformation episode, with uplift during the more recent Kaikoura Orogeny,

which is continuing today (Bradshaw, 1975).

%2, ¥ Landscape Evolution, During Plio-Pleistocene Times

A climatic cooling during the Pliocene was heralded by a change of

vegetation in the mountain ranges of New Zealand, from Nothofagus brassi

(Long-leafed Beech) in Waitotaran times, to Nothofagus fusca (Red Beech)

and podocarps in the Lower Pleistocene, (Mildenhall, 1973).

Conditions were becoming more severe, and with tectonic uplift of the
main ranges, increased erosion rates resulted, which are recorded by greywacke
detritus of Nukumaruan age, on the surrounding lowlands. The Castlecliffian
Stage contains abundant fossils of warm temperature flora and fauna (Fleming,
1973; Mildenhall, 1973), indicating a milder, more stable period in the
mountainland, before the oncoming glacial of the Upper Pleistocene, the
Waimaungan Stage. Milne (1973a), suggests that during this and the
succeeding cold climate episodes, the mountainland was largely devegetated
above the 900 metre contour line. He estimates a decrease in mean annual
temperature of 5°C to 6°C during these cold climate episodes; with
slightly lower rainfall and fewer high intensity rainstorms. However,

Soons (1976) suggests that sea-level temperatures in the central South
Island were lowered by not more than 4.5°C during the most severe glacial
of the Otiran Stage. Thus, the decrease in temperature of 5°C to 60C,
suggested by Milne for the southern North Island may be an over-estimate.
Increased erosion, during the cold climate episodes, produced aggrad-

ational gravels, with subsequent wind removal of silt and fine sand



particles, to form extensive terraces in some parts of the adjoining
lowlands (Milne, 1973b) and associated loess deposits.

Leamy et al. (1973) studied a sequence of seven paleosols and
associated loess units in the southern North Island, and concluded that
the paleosols indicate interstadial periods of relative warmth and
increased soil profile development compared with the stadial periods.
The loess units associated with the stadial periods indicate a period of

higher erosion rates with a retreat of vegetation down the mountain flanks.

20:2,.,8 Post-Glacial Climatic Changes

Since the last stadial (Ohakean Substage, of Milne, 1973c), the
Post-glacial period in New Zealand (Aranuian Stage) has been characterised
by a major warming between 14,700 and 6,300 years B.P., with only minor
temperature oscillations since.

McGlone and Topping (1973)mve shown, on the basis of pollen studies,
that podocarp forests had established themselves in the central North
Island before 13,800 years B.P., and consider the Aranuian Stage to have
begun about 14,000 years ago. Molloy (1969) considers that there was
a general rise in temperature about 10,000 years ago in New Zealand.

The magnitude of this temperature rise is unproven and estimates are based
primarily on evidence from the South Island, where podocarp forests began

to spread over areas, formerly characterised by grassland and scrubland,

(Moar, 1966; Walker, 1966). A general rise in temperature since 10,000

years ago, is substantiated by global evidence of a rapidly rising

eustatic sea level (Shepard and Curray, 1967; Bloom et al. 1974; Thom, 1974).

Molloy (1969) details climatic oscillations believed to have occurred
in Britain over the last 7,000 years, indicating a climatic optimum
between 3000 and 5000 B.C., and a "Little Ice Age'" between 1500-1850 A.D.

Fleming (1963) and Wilson, Hendy and Reynolds (1973) discuss evidence for



these two climatic oscillations in New Zealand. Wilson et al. (1973)
using the oxygen isotope method for estimating paleotemperatures from
speleothems (cave formations) estimate that temperature oscillations
during the last millenia have been + g%,

It is important to note that Molloy (1969) considers that any effect
that these minor oscillations might have on landscape evolution would,
in most cases, be less significant than modifications by natural cata-
strophes, such as fire, faulting, natural vegetational evolution and
man's influences.

Grant (1965, 1966, 1978) gives evidence for 5 erosion phases in the
Ruahine Range in the last 600 years. The Matawhero phase coincides
with the "Little Ice Age'" of ca. 1500-1850 A.D. These periods of
increased erosion are attributed by Grant to periods of '"increased

storminess', and are outlined in Table 1, below.

TABLE 1: EROSION PHASES IN THE SOUTHERN RUAHINE RANGE

EROSION PHASE TENTATIVE DATE (A.D.) YEARS AGO(PRIOR

TO 1970)
Waihirere closed ca. 1400-1450 520-570
Matawhero "o " 1600 370
Wakarara ca. 1780-1830 140-190
Early modern 1880's - 1890's 80-90
Modern mid 1930's to present 0-40

(Grant, 1978)
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2.3 PRESENT EROSION SITUATION OF THE SOUTHERN RUAHINE RANGE

2.3 3 Erosion Situation

Cunningham and Stribling (1977) outline the present erosion problem
in the Ruahine Range as one of mountainland erosion, and transport of its
products. They consider the main concern to be the accumulation of large
quantities of gravel in the upper reaches of the rivers, which may be
accelerating and posing a threat to areas downstream.

Schumm (1977) categorises the erosion and sedimentation into 2 types:

TYRE] 1y erosion on the steep slopes and small tributary
basins in the Range. This is the source of the
sediment that forms floodplains, valley deposits
and alluvial fans. A major contribution is from
mass movement.

TYRE| 2 bank erosion and remobilisation of TYPE 1 sediments
that are stored in valley throats, floodplains and

fans.

Schumm considers that TYPE 1 erosion has always occurred to varying
degrees, and is inevitable; whilst TYPE 2 erosion has been acclerated by

man's actions.

2. 3152 Erosion Types

Bedrock, soil and fluvial erosion processes are common throughout
the Ruahine Range. Resultant erosion types have been reported by a
number of workers (James, 1973; Stephens, 1975, 1977; Cunningham and
Stribling, 1977; Mosley and Blakely, 1977). The landslide classification
of Varnes (1958) is used in this study for naming erosion types. The
classification is based on the type of material involved and type of
movement. It also considers water content of flow-type landslides and

takes into account a general range of velocity of movement of the landslide



11.

types. Thus, erosion types are explicitly defined (see Appendix I).
Some forms of soil erosion such as soil creep and solifluction are not
included in Varne's classification and these are included here using the
classification of Campbell (1951), (cited in Land Use Capability Survey
Handbook, Water and Soil Division, M.0.W.D., 1971).

Examples of debris slides, debris avalanches and slumps in the
Southern Ruahine Range have been given by James (1973), Stephens (1975,
1977), Cunningham and Stribling.(1977) and Mosley and Blakely (1977), who
indicate that these particular erosion types are common in the Southern
Ruahine Range. Mosley and Blakely (1977) describe a landslide (rotational
slump) feature in Coppermine Creek, from which over 35,000 m3 of shattered
rock has been supplied to the stream. They consider that although this
is one of the largest mass movement features in the south-eastern Ruahine
Range, its form and sliding or flowing type of movement (depending on
water content) is rather common. Also, the majority of erosion events
supplying material to the streams occur on the walls of steep-sided,
deeply-cut inner valleys.

There is a paucity of literature detailing forms of soil erosion in
the Ruahine Range. Cunningham andStiibling (1977) consider that soil
slips ("rapid sliding movements of soil and subsoil parallel to the slope'',
Campbell (1951)) are common on riparian sites throughout the Range, some-
times developing into "debris-falls'. An example is given in the
Southern Ruahine Range, in the headwaters of Coal Creek. Undercutting, by
streams, of oversteepened valley-sides, commonly results in this type of
erosion. They also note that creep and sheet erosion occur within the

Range.

2.3.3 Causes of Erosion

The frequency of erosion has increased over the last few decades,

as documented by various workers (see 2.1). Reasons to explain the
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increased erosion rates have differed. James (1973) considers that there
has been some influence of mammals, particularly opposums, on mass
movements in the Upper Pohangina River. He also considers increased
storminess, in recent years, to be an important factor, but indicates that
it is difficult to know what sort of interaction, if any, these two factors
have in causing mass movements. Grant (1977), as previously stated, also

considers that increased storminess is an important factor for periods of

increased erosion rates. Heavy rains, associated with Cyclone Alison, in
March 1975 were responsible for shifting a considerable amount of debris
in certain catchments of the Southern Ruahine Range, thus providing
visible evidence for this latter theory.

Elder (1965) provides evidence for vegetational changes in recent
years, on the flanks of the Ruahine Range. He considers that these changes

may be explained by a climatic change. Totara (Podocarpus totara),

matai (Podocarpus spicatus) and rimu (Dacrydiun cupressinum) are failing

to replace themselves under forest conditions. Also, pink pine

(Dacrydium biforme) and cedar (Libocedrus bidwillii) communities show

a consistent pattern of deterioration, which is most advanced in the south,

whilst mountain beech (Nothofagus solandri var. cliffortioides) forests

show a general deterioration, except toward the lower end of its range.
In the Central Ruahine Range ring counts of mountain beech give evidence
for a retreat in altitude and change in distribution pattern on slopes over
the last 200 years, which suggests that conditions may have become wetter.
Stephens (1975) establishes a tentative relationship between
earthquakes and erosion. An increased frequency of medium-sized earth-
quakes since 1939, may be associated with the creation of oversteepened
slopes which are prone to erosion. Erosion subsequently occurs after a
triggering action, most commonly rainstorms.
The main factor predisposing steep slopes to erosion in the

Raparapawai and No. 1 catchments, is the instability of the densely faulted
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and shattered mélange-like bedrock, (the "Pohangina mélange'" is mapped
to the north, by Sporli and Bell (1976), and defined by Sporli (1974)

as "a body of tectonically deformed rock, characterised by the inclusion
of native and exotic blocks, in a pervasively sheared, commonly pelitic
matrix"). Marden (1977) considers that important factors partly
responsible for erosion in the West Tamaki River catchment both in the

past and at present, are the steepness, faulting and structure of the

bedrock.
Cunningham and Stribling,(1977) attribute erosion scars in the

Northern Ruahine Range to burning and grazing. They consider that past

burning and grazing may have initiated sheet erosion, which in some cases,
develops into ''debris-falls'. They consider most "debris-falls" in the
Range have developed at the sites of previous avalanches or slides, which
are closely associated with high intensity rainfalls and soils which for
some periods approach saturation.

Mosley (1977) and Schumm (1977) consider that significant fluctuations
occur in erosion rates naturally, so that erosion in the mountainland may
not be accelerated by any one factor or combination of factors, but is

part of a natural cyclical process. Schumm (1975) proposes that stream

behaviour does not change progressively through geologic time, but rather,
relatively brief periods of instability and incision are separated by
longer periods of relative stability.

Thus, according to Schumm (1975, 1977) it is possible to envisage that
the present increased erosion rates in the Ruahine Range are accounted
for as a normal stage in the very complex denudational history of the
landscape. However, this does little to aid our understanding of how

best to deal with the problem on hand.
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2.3.4 Future Control of Erosion

The main aim of any erosion control plan appears to be preservation
of floodplains downstream of the Range, which are in danger of being
covered with gravel during larger floods.

Two approaches to erosion control are discussed in the literature.
Cunningham and Stribling,(1977) and Hathaway (1977) discuss animal control
and revegetation schemes as a method of combating mountainland erosion.

They emphasise the importance of controlling erosion in the steep
mountainland area, and are referring to the TYPE 1 erosion of Schumm (1977),
(see 2.3.1). Schumm considers that this type of erosion has always occurred
to some extent, and is inevitable.

Indeed, Mosley and Blakely (1977) in discussing possible erosion
control measures with respect to landsliding in Coppermine Creek, state
that no management techniques are available that could have prevented the
landslide, and to this extent support the concept of inevitability. Since
landsliding the area has become more stable, and no action was deemed
necessary by these authors to prevent further erosion at this site.

Blakely (1977), Mosley (1977) and Mosley and Blakely (1977) discuss
erosion control in terms of the TYPE 2 erosion of Schumm, (1977) (see 2.3.1).
This type of erosion, involving channel widening and remobilisation of gravels,
has been enhanced by man's actions, so that a suitable management policy,
aimed at restoring the situation to approximate its original state is
considered to be the most desirable control method.

These workers suggest that sediment transport rates have been
accelerated by deforestation of the former, natural deposition areas, at the
foot of the Range, where the valleys broaden and become less steep (the
valley "throats" of Mosley, 1977). Mosley and Blakely, (1977) consider

that the most obvious course of action is:



FIGURE 1: KUMETI GRAVEL RESERVE

The reserve acts as a constricted natural fan area. It has been operative since the 1950's,
when an area of about 20ha was planted in willows, poplars and pines. Previously, this natural

deposition area had been deforested. This resulted in the scouring of materials further upstream
with accelerated sediment transport rates.

Photo: D.G.Bowler

61
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"to enhance the natural tendency of the streams to store

soil and rock eroded from the valley-sides in the wvalley

bottom, by judicious use of structural and vegetative

techniques'.

This work should concentrate at valley "throat' areas. An example
of a successful constricted natural fan area is Kumeti Gravel Reserve,
discussed by Blakely (1977), and shown in Fig. 1.

These workers agree that the magnitude of river control work required
at the foot of the Range can only be modified by animal control work, and

maintenance of a good vegetative cover in the mountainland.

2.4 SOILS OF THE SOUTHERN RUAHINE RANGE

There is a paucity of information on the mountain soils of the Ruahine
Range and Cunningham and Stribling (1977) have previously reviewed literature
on this topic.

Pohlen et al. (1947) adopted a Ruahine series to describe soils of
the Range, south of the Ngaruroro River. They mapped eroded comj:lexes,
where the er~ded area exceeded 10% of the tot:1 area: 1i.e. a
moderately eroded phase where eroded area is 10-307% of the total area, and
a severely eroded phase, where eroded area is >30% of the total area.

They also describe a Ruahine light silt loam, with a characteristic
light texture and high erodibility, which occurs in patches at the foot of
the Range, between the Ngarurero and Waipawa rivers. The different
properties of this soil are attributed to a change in vegetation. However
it seems likely that its "lightness' may be explained by a greater contamination
of tephras from the central North Island.

In the General Survey of the soils of North Island, the mountain soils
of the Southern Ruahine Range were mapped as the Ruahine stony silt loam

soil set (N.Z. Soil Bureau, 1954). In 1968, they were referred to as
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Ruahine-~Rimutaka soils (N.Z. Soil Bureau, 1968), and classified as

"related steepland soils to central yellow-brown earths'. They are
described as shallow, with colour B horizons (Bw using horizon designations
of FAQ/UNESCO, 1974) forming over weathering greywacke bedrock, with some
volcanic ash contamination. At lower elevations, at the foot of the
mountainland, wellow-brown earth -~ yellow-brown loam intergrade soils are
mapped, e.g. Kapua and Dannevirke soils. On the western and southern

slopes of the Range weaklv clav illuvial central yellow-brown earths are

mapped.

Pang (1969) describing the svils in the Woodville district, uses
lithology [ parent material and topography as a basis for soil mapping
units. He notes that widespread occurrence of loess is a dominant feature,
and considers that it is an indicator of largely stable sites; at least
since the Last Stadial. Loess occurs on ridge crests and land of slopes
less than 20°. In these areas he mapped the soils as Ruahine hill soils,
which are considered to be less erosion-prone than the shallow and stony
Ruahine steepland soils which occur on steep to very steep slopes. In
naming the hill soils after their steepland counterparts, Pang infers that
they are more closely related to the stezpland soils than the soils of
the rolling land (see Tavlor and Pohlen, 1970, p.l1l42).

Rijkse has mapped the soils of Woodville County (1974} and Pohangina
County (1977} at a scale of 1:63,360, details of which are given in Table
2. He considers that with increasing elevation the soils become more
leached and show the initiation of podzolisation. Thus, the Renata and
Rimutaka soils are distinguished from the Ramiha and Ruahine soils on the
basis of movement and segregation of iron, forming mottles and discontinuous
iren pans within the profile. The Takapari peaty loam, and associated
hill soils are mapped at the highest elevations, with the hill soils
recorded as having only slight risk of slip erosion (see Table 2).

Mosley (1977) presents the most recent soil map for the south-eastern

Ruahine Range at a scale of 1:63,360, which has been compiled by G.J. Smith.



TABLE 2: SOILS OF THE MOUNTAIN RANGE, I POHANGINA COUNTY (RIJKSE, 1977)

PARENT

SOIL SOIL RAINFALL ELEVATION SOIL EROSTION
NAME SYMBOL MATERIAL (approx. mm) DRAINAGE RANGE DEPTH POTENTIAL
{m) (cm)
Ramiha loess on 1500-1800 well drained 300-500 40 -
Silt Loam Rm greywacke
Ramiha loess and " " " 300-600 58 moderatz scree
Hill Soils RmH greywacke . and
slip erosion
Ruahine Steepland Soils RuS severe slip
14 " 1"
1 11 " - and
Very Steep Phase RuVS greywacke J00-1100 30 scree erosion
Renata Rn loess 1800-2300 moderately 600-~900 80 -
Silt Loam well drained
Renata RnH greywacke " moderately " 30 moderate slip
Hill Soils and loess well drained and scree erosion
leﬁtaka Stespland Sﬁlls RkS ; well drained 600-1720 10 seyere s?ree and
greywacke slip erosion
Very Steep Phase RkVS

Takapari Tp peat and >2300 poorly drained 1250-1300 70 -
Peaty Loam greywacke
Takapari TpH greywacke " " " 1070-1370 46 slight slip
Hill Soils and peat erosion

"gi
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Steepland soils are mapped in areas where most slopes are greater than 300,
and are subdivided on the basis of parent rock and climate. The mapping
units of Rijkse (1974) have been adopted in this survey.

The soils on the flaodplains, at the foot of the Range have a high
potential for pastoral use; whereas the steepland soils have severe to very
severe soil limitations for pastoral use. Such soils are best suited to

protection forestry, (Rijkse, 1977).

2.5 SOIL PARAMETERS, RELEVANT TO EROSION STUDIES

2.5.1 Eresion Processes

The natural process of erosion comprises (1) weathering and (2)
transporation of materials by water, gravity, ice and wind, (Ward, 1975).
Transportation by water and gravity are considered to be of major importance
to erosion studies in the Ruahine Range; although some erosion by ice and
wind undoubtedly occurs, especially in the northern part of the Range.

All weathering processes require water {Leopald, Wolman and Miller,
1964) and involve the breaking down of rocks into small fragments, forming
the parent material for subseguent soil develosment. Further weathering
occurs within the solum, which is primarily chemical weathering of the
primary minerals to produce secondary minerals. The weathering stage of
erosion will be discussed more fully in the soil mineralogy section of
this chapter.

Subsequent to weathering, transporation of materials occurs by mass
movement of rock and/or soil and ultimately via the river channel. In
this way, natural erosion processes occur within a catchment, sculpturing
the landscape. In cases where increased or accelerated erosion occurs,
the land-surface becomes degraded and soil is lost.

A number of workers have stressed the importance of the soil factor
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to erosion processes in a catchment area, together with climatic, topographic
and vegetational factors (e.g. Meeuwig, 1971; Baver, Gardner and Gardner,
1972; Ward, 19753). Erosion processes with water as the primary eroding
agent are affected by soil-water characteristics. Erosion processes with

gravity as the primary eroding agent are affected by soil mechanical

properties.
2.5.2 Soil Mineralogy
The initial stage in any erosion process is weathering. Weathering

occurs, in situ, when physical, chemical and biological agencies break

down the rock surface, contributing particles to the primary mineral assem-
blage of soils. Thus, in the case of a greywacke bedrock, quartz and
feldspar are contributed to the mineral assemblage, together with minor
amounts of mica and other accessory minerals. In steepland terrain,
movement of materials downslope introduces materials from upslope, depositing
colluvial materials at the base of a slope. Alternatively, material may be
introduced aerially as (1) 1loess, from the surrounding bedrock, or (2)
volcanic ash. Thus, the primary mineral assemblage, which may be
investigated by wviewing the sand mineralogy with an nptical microscope,
defines the nature of the parent material and indicates the extent of
additions from other sources.

Study of the sand mineralogy also yields information on the proportions
of major mineral constituents which provide evidence of the extent of
weathering of both parent materials and soil. Thus, if the proportions
of feldspars in the sand fraction of the soil is distinctly less than in
the parent rock, it is probable that they have been chemically weathered.

The sand fraction is further weathered and comminuted to silt and
then clay-sized particles. The soil clay mineralogy may thus be studied
in conjunction with the sand mineralog to investigate weathering processes
within the soil. Argillation, the formation of clay minerals, is

described by Keller (in Rich and Kunze, 1964) as a group of multiple
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interrelated processes, such as (a) solid state conversion—-solution
transition processes and {L} reaction with ground water, e.g. ®y hvdrolysis,
hyvdration, oxidation nr chelation.

Quartz zrains weather principally by solution, although the sand-sized
srains are one of the most resistant minerals to weathering. Fieldes
and Weatherhead (1966) indicate that for New Zealand soils, the 'sand
fraction minus quartz’', expressed = a percentage of the whole soil is
regarded as the percent of weatherable minerals in the soil.

The hetercgencity of feldspar grains has a marked effect on their
decomposition {W“ilson., 1975). Their decomprsition in the pedogenic
environment is not fullv understood, although it seems likely that in the
initial hvdrolysis stage continuous dissolution occurs, which is preferential
at certain weak spots in the crvstol lattice, producing etching of the
grain (%Wilson, 1975). Further weathering involves the formation of clay
minerals such as illite {mira with intermixed expanded lavers, Mehra and
Jackson, 1959}, and may proceed via an intermediate amorphous product (Parham,
1969). Vermiculite and montmorillorite also form either directly from
feldspar or from associated mica (Wilgson, 1975). The mica-vermiculite
transformation is complex probably involving loss of potassium, accompanied
by oxidation, substitution of hvdroxvl for oxygen, and loss of cctahedral
iron and magnesium. Wilsen (1975) suggests that mica-derived dioctahedral
vermiculite 1s guite common in soil clavs.

Pedogenic chlorite forms in soils, when interlavering of Al-OHZ
groups in the expandable vermiculite is complete (Bear, 1969). Under
more extreme weathering conditions, mica (both biotite and muscovite) may
convert to kaolinite, which may be formed directly, without a preceding
sequen<e of mineralogical changes involving vermiculitization, {(Wilson,
1975).

Rhyolitic and andesitic tephras weather to allophane, the former much

less rapidly than the latter, and ultimately to halloysite (Kirkman, 1977a).
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Differences in rate of formation and subsequent alteration of allophnmne in
the two types of tephra is determined largely by the chemical composition
and porositw of the respective glasses. The andesitic tephra being
highly porous weathers rapidlv, and its high A1203:8502 ratio introduces
strains between particles tending to increase its weatherability, {Kirkman,
1977a).

The nature -~{ clay minerals present in a soil influence the soil

drainage, compressibility and reaction to changes in moisture (Sowers

and Sowers, 1970), and therefore, have an indirect effect on slope stability

studies. The presence of swelling clavs in a soil is of particular relevance,

as hvdration, causing swelling, may preduce a lateral pressure within the
soil, increasing its shear stress, and susceptibilitwv to movement downslope.
An allephane-rich clav-organic laver at a regolith-sandstone interface
has been reported as one of the principal causes of instability on slopes
in North Westland, New Zealand, (®'l.oughlin and Pearce, 1976). Wells and
Furkert (1%72) also refer tn the shearing tendency of allophane under
increasing pressure. The amorphous structure of zllophane results in a
large and varving capacity for water retention. The possible effects of
allophane on phvsical and chemical behaviour of soils deserves much closer
attention (Furkert and Fieldes, 1968), however, there is little literature

available on this subject.

2.5.3 Soil-Water Characteristics

Water erosion of soil is affected by the soil properties that control
the rate with which rainfall enters the surface. These include (i) macro-
porosity of the soil surface,(ii} moisture content of the soil at the time
of the rain. (iii) permeability and (iv) the resistance of the soil surface
to dispersien and subsequent erosion during rainfall and runoff, i.e. the
structural condition of the soil surface, and soil cohesion (which becomes
very small as the soil becomes saturated). Soil erosion by water involves

raindrop splash and surface runoff, which is manifested in sheet, rill and
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ultimately gully erosion, (Baver, Gardner and Gardner, 1972).
This traditional approach to soil erosion studies is explained by

Horton's runoff model, which interprets surface runoff in terms of the

infiltration theory. Horton (1933) considered that the infiltration
capacity of soils in a catchment will decrease exponentially during a
prolonged storm of constant intensity. He attributes this to factors
operating at the soil surface such as compaction, structural change, and
inwashing of fine particles. Eventually the infiltration capacity will
decrease to a value below rainfall intensity, and at this point surface
runoff (or overland flpw) begins to occur, causing erosion of the surface
taver of soil.

In recent years, with a greater amount of information available,

workers have supported the Hewlett runoff model. This model, as described

by Ward (1975}, assumes that infiltration is seldom a limiting factor,

and much of the water infiltrates into the soil, and moves through the soil
as interflow. In this case, interflow may make a substantial contribution
to sterm runoff.

Thus in erosion studies it is dimportant to consider movement af water
laterally through the soil, as well as over its surface. Ward (1975)
considers that the soil factors favouring interflow are:

1) when lateral hvdraulic conductivity in the surface soil horizon

is substantially greater than the overall vertical hydraulic
conductivity, through the soil profile,

2) when a thin permeable soil overlies impermeable bedrock, with

a markedly stratified soil profile e.g. a marked difference
in horizon textures or extent of cementation.

3) where an iron pan occurs a short distance below the surface,
4) the presence of old root holes and animal burrows, and

other subsurface pipes.



8bservations in the Torlesse Range, South Island, New Zealand, by
Hayvward (1976) show that surface runoff seldom occurs. even after an
intense rainfall of 165mm in 36 hours. The intensity of a one-year storm
in the Ruahine Range. estimated for the West Tamaki River catchment is
60mm in 24 hours {Martin, pers. comm; ronsiderablv less than the intensity
considered bhv Havward, Thus it is unlikelw that major surface runoff
occurs in the Ruahine Bange, unless there is some other limiting factor such
as a compacted soil surface.

Dbris avalanches occur on steep slapes when a mass of soil and rock
begins to flow. Jackson (1%66) comments on the occurrence of debris avalanches
on forested =slopes in Fiordland, New Zealand; and considers that movement
is caused by a gradual increase in stress as the mass of forest anchored on
the steep slope increases, in combination with climatic abnormalities such
as heavy rainfalls, when interflew probalbly occurs. The soil properties:
water acceptance and retention, soil structure and flissure formation are
considered to be related to these erosion processes.

Loss of s:1l from high elevation ruangeland in the intermonts-e region
of south-western U.S.A. has been studied using multiple regression analyses,
(Meeuwig, 1971). 1t was found that amount of cover and slope gradient were
most closely related to erosion. Important soil parameters affecting
erodibility were found to be: organic matter, antecedent moisture content
of the surface soil, bulk density and capillary porosity.

The literature therefore indicates the importance of soil-water
characteristics in erosion studies. The inter-relat iomship of water and
gravity as agents initiating erosion processes is also of prime importance,
and has been noted by many workers (e.g. Terzaghi, 1950; Jackson, 1966;
0'Loughlin, 1974; Ward, 1975). Investigation of gravity, as an eroding
agent, involves slupe stability studies and measurement of certain soil
mechanical properties (e.g. shear strength, stress and cohesion), which

are discussed in the ensuing section.
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2.5.4 Slope Srability Studies

Gravity is the primary operative force in mass movement of soil and
rock on slopes. Mass movement occurs when the shear strength of a body
of material is exceeded by its shear stress, over a relatively continuous
surface, (Sowers and Sowers, 1970). Parameters contributing to change in
soil shear strength or stress are listed by Sowers and Sowers (1970) and
further detailed by Selby (1970), (see Table 3).

Slope stability studies have shown the importance of:

(1) soil-water conditions., and {2) tree root depth and distribution, to
stability of soil materials on a slope, (0'Loughlin, 1974; O'Loughlin
and Pearce, 1978&}). These workers adopt the Infinite-Slope Model to
examine movement-promotingand movement-resisting forces, operating on a
steep slope. This model uses Coulembk Law to describe a soil's shear
strength, or resistance to failure as:

S=C+ tan 9§ P

where S = shear strength
C = cohesion
P = effective pressure normal

to the shear plane

l

tan @ = coefficient of friction,
where ¢ is the angle of friction.
0'Loughlin (1974) applied the Infinite-Slope Model to data collected
from a steep, clearfelled slope in southwest British Columbia, Canada,
and concludes that:
(1) the main causative factor in landsliding is deterioration of
the tree root system,

and (2) pore water pressures are of importance to soil stability and

any changes inducing saturation of steep slopes should be avoided.



TABLE 3:
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FACTORS CONTRIBUTING TO MASS MOVEMENT IN SOILS

o~
B

A. FACTORS CONTRIBUTING TO HIGH SHEAR STRESS

Types

Removal of lateral support

(verleading by

Transitory stresses

Removal of underlving
support

Lateral pressure

iid.

iv.

iii.

Major Mechanisms

Stream or water erosion.
Subaerial weathering, wetting,
drving, and frost action.

Slope steepness increased by mass
movement.

Manmade guarvries and pits.

Weight of rain, snow, talus.
Fills, wastepiles, structures

Earthquakes
tlanmade vibrations.

Undercutting by running water.
Subaerial weathering, wetting, drying
and frost action.

Subterranean erosion {eluviation of
fines or solution of salts).
Mining activities.

Water in interstices.
Treezing of water.
Swelling by hvdratinm of clay

B. TACTORS CONBRIBUTING TO LOW SHEAR STRENGTH

Types

Composition and texture

Physico-chemical reactions

Effects of porewater

Changes in structure

ii.
iii.
i.
ii.
iii.
i.
ii.
iii.

i.

Major Mechanisms

Weak materials such as volcanic tuff
and sedimentary clays

Loosely packed materials.

Smooth grain shape.

Cation (bhase) exchange,
Hydration of clavw,
Drying of clays.

Buoyancy effects.

Reduction of capilliary tension.
Viscous drag of moving water on
soil grains.

Spontaneous liquefaction.

(Selby, 1970)
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Application of the Infinite-Slope Model to a study area, although
simplifving the real situation, provides an invaluable method of slope
stabilitv analvsis.

Measurement of seil moisture tensions ~r pore pressures {which directly
influence soil cohesion, and are thus related to shear strength of a soil,
as shown bv Coulomb’s faw) duriny rainstorms has been used as an estimate of
slope stability in New Zealand situations by Jackson (1966). Jackson
considers that slope instahility mav be of a cyclical nature with a cvele of
slipping, weathering and sril idevelopment followed by renewed slipping.
thus supporting the idea that the period of increased erosion seen in the

Southern Ruahine Range, at present, is part »f a natural cyclical process.

2.6 STMARY,

The literature indicates that the erosion probiem in the Southern
Ruahine Rangs is one of high erosion rates in the mountainland; with the
threat of flooding of fertile plains, bv the erosion products - gravel
and other debris., which rhoke river lids downstream.

Concern has been shown by 1 number of government agencies in recent
vears to a generallv accepted belief that erosion rates have increased since
the 1930's.

Frosion rates in the Ruahine Range have varied markedly with geological
time. uring the Upper Pleistocene, thev were considerably higher than
thev are todaw. At this time, besides periods of cold climate episodes
(glacials) alternating with warmer episodes (interglacials), the Range was
also subijected to uplift as the Kaikoura Orogeny approached its climax.
Post~glacial ©rosion rates have probably been smaller; however important
vegetational changes over the last few thousand years, (Elder, 1965}
suggest that smaller climatic changes have occurred.

Today, causes of erosion in the Ruahine Range are reported to be many

and varied. The majority of mass movements seem to occur from a number of
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causes existing simultaneeusly. The final cause is a ”t{igger”, setting
in motion a hillside already highly susceptible to erosion. The Ruahine
Range is inherently unstable due in part to steepness, faulting and the
nature of bedrock lithelogies, (Marden, 1977).

Few soil surveys have been conducted in the Southern Ruahine Range.
A number of workers have emvhasized the widespread occurrence of loess
overlving the basement grevwacke at lower vlevations (e.g. Pang, 1969).

Rijkse (1977), in mapping the soils of Pechangina County,has provided the

most comprehensive study to date. Cunningham and Stribling (1977) indicate

that the soils are a kew factor in erosion studies of the Ruahine Range.
A number of soil parameters appear to be of impertance to erosion potential
in the mountainland. The soil acts as a medium which accepts and stores
rainfall; and supplies it to the river channel. The rate of acceptance,
throughflow and storage capacityv are important facters to be considered.
Slope stabilitv may be criticallwv evaluated using the Infinite-5lope
Model, (O'Leughlin, 1974). This enables an estimate to be made of
(1) susceptibility of slope material to movement,
and (2) the relevance of certain factors to stability, e.g. root

distribution and soil saturation.
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FIGURE 2: LOCALITY MAP OF STUDY AREA.
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CHAPTER THREE

DESCRIPTION OF THE STUDY AREA

3.1 LOCATTON

Fieldwork was conducted in the West Tamaki River catchment 13km
northwest of Dannevirke, on the eastern flank of the Southern Ruahine
Range, (see Fig. 2). The river extends 5km along the foot of the
mountainland, in a N.N.E-5.8.W. direction. A detailed soil survey was
carried out in one of the mrincipal tributaries, Car Park Creek, which is
approximatel~ 650 metres upstream of the wvalley throat where a gravel

control wedir is located.

3.2 PHYSTOGRAPHY
Southern Rushine Range
The Southern Ruahine Range is characterised bv a steep eastern front,

formed by wuplift of this part of the Range along the western side of the

Mohaka Fault. The summit plateau, which extends southwards as far as

Mangapuaka Stream, is a remnant erosion surface, tilted to the west, (see 2.2.1).

The western side of the Hange slopes away less steeply, from this surface.
The Southern Ruahine Range rises northwards from 914m at Wharite Peak in
the south, to 1392m at Takapari., at the head of the West Tamaki River
catchment and highest point in this part of the Range.

A number of rivers drain the eastern side of the Range, These
characteristically have steep to verv steep valley-sides, for example, the
mean slope angle of wvalley-~sides in the Raparapawai Stream is 300, {Stephens,
1975). The longitudinrslprofiles of these rivers, from their head to the
Manawatu River is smoothly concave, on a large scale, {Mosley, 1977; see
Fig. 3b). It is this form of profile which is associated with streams in

equilibrium with their geologic and hydrologic environment, so that on a
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FIGURE 3: LONGITUDINAL PROFILES OF: (A) CAR PARK CREEK;
(B) WEST TAMAKI RIVER (from MOSLEY, 1977).
(vertical exaggeration approximately X10)
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®road scale the rivers have adjusted to carry their load.

West Tamaki River catchment

The course of the West Tamaki River runs parallel to the steep eastern
front of the Range; with Holmes Ridge rising steepliv on its east side,
fo a height of approximatelv 650m. Within its catchment, it is deeply
incised; with elevun major subcatchments draining inte it, from the west
and north. These subcatchments are steep to very sieep-sided. The slope
of the valley-sides in Car Park Creek subcatchment is commenly between
309 and 45°. 4 longitudinal profile of Car Park Creek can be compared with
that of the West Tamaki River (see Fig. 3). Its broad pattern is seen to
be less obvivusly concave, irdicatinz that the channel is not so well
adiusted within its catchment. Slight humps in the curve indicate the
presence of gravel waves.

The gecmorphnleogical units present in Car Park Creek seem representative
of the subcatchments of the West Tamaki River catchment. Fig. 4 exemplifies
a valley—-side in the catchment to which the nine-unit landsurface model
(NULM) of Conacher and Dalrvmple (1977) has been applied (see Table 4).

Specific examples from Car Park Creek are illustrated in Figs. 5 and 6.

In Fig. 5, unit } is the interfluve and of limited extent. Unit 2

is ti.w seepage slope, characterised by a small angle of slope; whilst the
. . 3 )

convex creep slope (unit 3) occurs below it on slgpes of up to 45 . This

unit is defined as one in which soil creep predominates and terracettes

occur. Large scale deep terracettes have been noted on unit 3 in Car Park
Creek, which in places extend for about 100m across the hillslope (see TFig. 7),
suggesting that active soil creep, teogether with creep of colluvial

materials below the solum , is associated with this landsurface unit.

The fall-face, unit 4, is characterised by exposed rock, and is defined by
"the response to the processes of fall and rockslide, with pressure release

an important underlying process'. Fig. 5 shows this unit in the sub-
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catchment, with a rockslide (to the right of centre) and two smaller debris
slides contributing to gully erosion (in the left of photo). Unit 5,
the transportational midslope is characteristically very susceptible to
erosion. Several erosion scars may be seen in this zone on ¥Fig. 6.

Below this unit, a colluvial footslope (unit 6) sometimes occurs {Fig. 6),
where the dominant process is redepssition of coliuvial material from
upslaope, although some material is undoubtedly transported across this
unit. Unit 6 is characte:ised by deeper colluvial soils.

Figure 4 indicates that the a!luvial toeslope {unit 7) is of limited
extent within the West Tamaki River catchment, in which Car Park Creek is
located. However, this unit may be seen in Fig. 6, on the floodpiains at
the foot of the Rang:.. Unit 8, the channel wall occurs in the catchment,
but only over short, discontinuous sections ef the river channel where
some downcutting occurs. Unit 8, together with units 7 and 9 (the channel
bed) are most extensive on the adjacent lowland area as shown in Fig. 6.

In Car Park Creek, unit 9 is choked with gravel to depths of between
2.5~4.5m (Lewandowski, cited in Musley, 1977). and probably to greater
depths in certain localities, where gravel waves occur. This unit acts as
a gravel storage zone, due to aggradation; with intermittent transportation
of material downstream, during and after intense rainstorm events. In
the case of Hut Creek, another subcatchment of the West Tamaki River (Fip. 8),
a large amount of debris was supplied to the channel bed {(unit 9) during
Cyclone Alison (a 40 year storm event; R. Martin, pers. comm.). Although
some material was undoubtedly transported further downstream, the large
bulk of the detritus accumulated in the channel bed with the net result
of aggradation. Since March, 1975, when the Cvclone occurred, downcutting
has taken place, so that today a channel wall {unit &) is seen in this
subcatchment.

The erosion processes in the West Tamaki River catchment determine the

type and extent of landforms, which are adequately described by the N.U.L.M.
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Fig. 5: Landsurface Units at the Head of Car Park Creek

Fig. 6: Landsurface Units of a Valley-side in Car Park Creek
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concept of Conacher and Dalrympie, (1977).

3.3 GEOLOGY

Southern Ruahine Rany:

The Ruahine Range has been described as a horst having faults, with
vertical and dextral transcurrent movement., on both sides, kKingma, 1959).
The uplifted mass is intenselv deformed and consists of indurated basement
rocks of the Torlesse Supocrzroup, (Stevens, 1974).

The lithelegy of the eastern Ruahine Range consists of 3 tectonically
concordant structural belts, tre ling north-east {3Spérli and Bell, 1976).
The three belts consist of coherent and disrupted sequences of grevwacke
(low grade metamorphosed sandstone) with argillite bands, cherts and
gpilites.

Happing of the bedrock geology alaong the eastern front of the Southern
Ruahine Range indicates 2 lithotvpes, (Hubbard et al. 1978). The eastern-
most consists of massive alternating sequences of sandstone, siltstone and
argillite; and the westernmost is an assortment of sedimentary and volcanic
rocks, "floating" in a matrix of black =rgillaceous material.

Significant accumulations of grevwacke loess occur in some lacalities,
deposited during the periglacial conditions of the Epper Pleistocene
(Milne, 1973b; Rhea, 1968). This loess contains tephric components in
many cases.

Thus geerlogically, the Ruahines are a relatiwvely young mountain range,
with intense faulting and shattering of already folded strata. Their
rate =f uplift is rapid, being approximately 1.1l4mm per year for the west
flank, over the last 0.8 million years., (Boellstorf and Te Punga, 1977).
These effects on the landscape evolution of the Southern Ruahine Range
are discussed in the Literature Review (2.2). They suggest that the
geological situation in the Southern Ruahine Range today is one inherently

prone to erosion.
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FIGURE 7: A ROCKSLIDE AND DEEP TERRACETTE FEATURES (dashed line) ON
THE CONVEX CREEP SLOPE OF CAR PARK CREEK.

Photo: D.G.Bowler
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Yest Tamaki River catehment
Within the West Tamaki River catchment, the main lithologies axposed
are indurated sandst:r—e, siltstone and argillite. No spilites,
sedimentary ronglomerates or microbreccias have been found, (Marden., 1977).
Structurally, the strata are steeply dipping and overturned to the
woest, with the bedrock strike parallel to the Range. The structure together
with the fracsured and favlted nature of the bedrock renders the greywacke
lithetype prone to ercsion {(Hubbard et al. 1978).
series ef crush zenes along the general line of the catchment
provide cvidonce for a 1.5km wide Mohaka Fault zone, {Marden, 1977).
At least 2 oruszsh zones occur in Car Park Creek. Vell preserved fault
scarps in ths Hest Tamaki River suggest that these faults have begen active

during the late Muaternarvy, [Marden. 1977).

3.4 SDILS

Southern Ruahine Range
Most previous soil surveys hive described the soils of the Sfouthern
Ruahine Ranpe at a reconnaissance survey level, with little investigation
of soil wariabildity within the broad steepland soil mapping units. Previous
survey reports, which are detailed in the Literature Review (2.4), suggest
that the soils pattern /s lavuslyv related to parent materials, climate

and ase, in this area.

West Tamaki River catchment

The most detailed soil survey of this catchment has been preduced by
G.J. Smith {cited in Moslev, 1977), at a scale of 1: 63,360. This survey
maps approximately 847 of the catchment as Ruahine steepland seils, with 12%
mapped as Rimutaka steepland soils at higher elevations, and 47 mapped as
Kopua stonv silt leams at the mouth of the catchment. A pedological

investigatien of a selected subcatchment in the study area, carried out as

part of the present studv, is described in Chapter 5.
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3.5 VEGETATION

Southern Ruahiine Range

The vegetation of the Southern Ruahine Range occurs in three main
altitudinal zones: 1) podecarp-hardwood forest, ii} kamahi forest, and
iii} leatherwood scrub, with vestiges of cedar forest and snowgrass
tussock (Elder, 1%65). A weygetation map, 2t a scale of 1: 250,000 also
summarises the principal vegetation tvpes ef the Range (Wicholls, 1970},

9 shews that cevtain vegetation species show a delinite drop

in their urprer limit in the Southern Runbhine Range bv approximately 300m

in cemparison with the vegetation

of the Range further north, (Elder, 19653}). This suzgests that conditions

are more adverse in the south for the upper limit of nlant growth in each
zone. Reascons for this are most likelwv: 1) rlimatic stresses (see 3.6), and
2) unstable sites for aciguate tree root establishment.

Thus, cliraris and physiceriphic features of the Southern Ruahine
Range mav hinder the normal development of vegetational zones.

In recent years a deterioration in the forest stand has been #ated
by several workers (Cunninghsm and Stribling. 1977). Forest deterioration
results in greater erosion susceptibility of the land «u:rface, due to:

(1) 1less water intake and tvanspiratien hy plants. so that soil waterlogging
is more likelwv, and
(2) decreased root distribution, which provides a significant decrease in

slope stability (e.g. O'loughlin, 1276).

Cunnipgham (1977) considers that the forest deterioration in the
Southern Ruahine Range is primarily attributed to effects of introduced
wildlife. Stephens (1975) considers that kamahi death iz due largely
to climatic changes, but Strand (1977) suggests that a number of fantors

are operative, and at present the wiiespread cellapze that is wvisible is,

perhaps, part of a normal cvcle.
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Fig. 8: Downcutting in Hut Creek, since Cyclone Alison, of
March, 1975

Fig. 10.

The Kamahi forest in
Car Park Creek.

(note many dead kamahi
trees in foreground)




West Tamaki River catchment

The bread altitudinal vegetation zones of the Range, all occur in this
catchment. Strand (1977) has previded a comprehensive list of wvezetational
species occurring within the catchment. He notes that the lower podocarp-
hardwood forest occurs :t elevations up to approximately 600m altitude,
altnough there is considerable overlap between the three broad zones.

In localities where & climax comrunitv exists., such as the podocarp-
hardwood forest or kamahi forest, the vegetation is commonly in a state
of dopeneration (Fig. 10). However, the vegetation is at many sites con-
trolled hy ercsion, and is in various seral stages of development (Fig. 11).
Vegotation growth on the steep valley-sides is affected by adverse natural
conditions of slepa, soil depth and unstable strata, as shown in Fig. 12.
This figure shows that where the slope anple decreases at the foot of the
slope, there is a relativelwv dense vegetation gprowth. Here conditions are
more stable, relluvium tends to accumulate and deeper soils are developed.

Natural colonisation of bare surfsces by native species is initially
dominated by toetoe, ranygicnra, nettles, pepperwood and ferns. In 1969,
the New Zealand Forest Service hepan a revegetation programme with exotic
species, aimed at stabilising slip faces and consolidating banks and channel
water cgurses. Colomisation of these sites, primarily by pines in the
former case, and poplars and willows in the latter rase, has been relatively

successful.

3.6 CLIMATE

The Ruahine mountainliand experienrc<s a cool climate and high annual
rainfalls. Water is probably the most important single agent of erosion
in this mountain range; the relationship between mass movement and heavy
rainfalls ir New Zealand being well established (e.g. Jackson, 1966;
Grant, 1966). Water, therefore, plays an important role in soil erosion

and fluvial erosion processes. Tnformation on the distribution and
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Fig. 11: Gully erosion

in Car Park Creek

(the vegetation is in

a range of seral stages,
being largely controlled
by the erosion processes ).

Fig. 12: Vegetation on a Slope in Car Park Creek
(Note (i) the relatively dense vegetation at base of
slope, where slope angle decreases, (ii) the presence
of podocarps on the very steep slopes adjacent to an

erosion surface, suggesting that stable sites do exist
on this landsurface unit).



intensityv of rainfall in the Ranpn is consequently of much importance to
erosion studies.

The Ruahine Range receives intense rainstorms at times, predeominantly
from the south or south~east, probably affecting the southern part of the
range most of all, Other climatic stresses on the wegetation of the
Southern Ruahine Rannze include:

i} Wind - Wharite Peak is one of the windiest places in New Zealand,

recording exceptionallw high wind speeds;
ii}) c¢loud cover - sun-davs in the southern part of the range are
approximately 30% less than in the northern part, and 20%
less than in the central part of the range:
iii) dreusht,
iv) heavy snews,
v} low humidities, and;
vi}) freeze-thaw processes.
The latter four factors probably only have a minor effect on erosion in
the Southern Ruahine Range, in most years.

Effects of vlimatic changes on erosion rates have been previously
discussed in the Literature Review. Grant (1965, 1966}, discussing
climeric data for the Tukituki River catchment and eastern Hawke's Ba:-,
suggests that there have been significant variations in rainfall over the
past few centuries. He states that "the climate is seldom constant for
long", and attributes much of the present vegetation damage and erosion
to high rainfall intensities associated with stormy periods.

West Tamaki River catchment (see Fig. 13)

This catchment experiences a high annual precipitation, which
increases significantly with elevation from 2000mm to 2800mm, as does the
amount of cloud cover.

The catchment exemplifies the effects of an intense rainstorm,

Cyclone Alison, a 40 year event, which occurred in March, 1975 and caused
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FIGURE 13: RAINFALL MAP FOR THE TAMAKI RIVER AREA,
SOUTHERN RUAHINE RANGE.
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a large amount of erosion throughout the catchment. Today, terraces
resulting from this event are still precerved upstream of Stanfield Hut
in the main channel, and in Hut Creek.

Many of the eroded areas in the upper reaches of the subcatchments
are associated with permanent or periodic water channels indicating that
fluvial erosion and incision, clearly governed bv rainfall inten+ ty, may
play an important role in rejuvenation of slepe erosion processes.

Needle ice has been observed at the higher elevaticons in the catchment,
indicating that freeze-thaw processes contribute to minor erosion during
the winter months, on the small areas of bare soil in the catchment.

Many wind-thrown trees have been noted in the catchment. indicating high
wind velocities have occurred on many occasions in the past.

After a long, dry spell during the Summer of 1977-1978, soils at
higher elevations in the catchment were still very moist. A significant
organic accumulation on the soil surface, ecspecially in the leatherwood
zehe enables soils to retain much of their moisture. It seems probable
that, in most cases, drouzhtiness will oniv affect vegetation growth at
lower elevations, where there is less accumulation of organic litter on

the surface, and rainfall is decreased.

3.7 INTRODUCED WILDLIFE

The New Zealand lands<ape evolved without any native greound-dwelling
mammals. On arrival, Europeans introduced a number of mammals into the
mountainland. Pigs and goats were introduced over 200 years ago. Red
deer were liberated in the Northern Ruahine Range in the late 1800’s;
and by the early 1900's all three were present in the Southern Ruahine
Range, {Logam, 1978). Opossums were probably widespread in the Southern

Ruahine Range by 1940 (Cunningham and Stribling, 1977), and other introduced
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wildlife includes sika deer, rabbits. rats and mice, ferrets and stoats.

There ig livtle dispute in the literature that the introduced wiidlife
in the %outhern Ruahine Range has had an adverse effect on the forest canopy.
due to browsing and grazing of the understorey, as well as many other

o

effectz, for emample, bark rubbingz. soil compaction and changes of micro-

climate due to open up of the ranopwv. However, there is disagreement
on the relative eifects [ntroduced wildlife has had a4s a triggering
mechanism of vrusion.

Cumvinghar (1977) considers forest deterioration in recent decades is
primarily the offect o deeor, goat and opossum, which has in turn led to
slope instabiiity. Grant (1965) and Ir=es (1973) consider that the impact

of wild aninals on vepetation damage and erosion may have been considerably

less than the effects of incrensed storminess in recent decades. Mosley

(1977) has provided evidence of canopy damage in the Mangapuaka Stream ir the
1920's to 1930's which iz. he considers, before introduced wildlife could
have plaved a signiflicant rele in wvegctation modification.

However, concern about the effects of introduced wildlife on wvegetation

damase, and resulting slepe instability, has been sufficiently great to

o
prompt manv animal control coperations in the Southern Ruahine Ramnge, wince
1938; with expenditure in the last 4 vears (1974-77) being about $700,000,
{Logan, 1978).

West Tamaki River catchment

The catchment was surveved in 1975-76 by the New Zealand Forest Service,
to assess the condition of wepetation and relative effects of animal
population densities. It was concluded from this survey that deer control
operations should concentrate on the cedar vegetation belt, and that special
attention should be paid to opossum control, with regards to kamahi damage,
(Strand, 1977). However, an exclosure plot set up within the catchment

indicates that the unhezlthy nature of kamahi can be attributed to exposure

as well as to opossumbrowsing, (Strand, 1977). It is evident in the
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lower reaches of the catchment, that trampling by cattle and sheep has
also had a marked effect on deterioration of the forest understorev.
The presence of fuschia, normally a highly palatable species to
opossum, has been noted at elevations between 900m and 1000m on the
western slopcs of the catchment. It commonly appears at the heads of
zullies, and is in a healthy condition. Its survival may be due to
its occurrence at altitudes above which opossums browse, or possibly

that these plants are an unpalatable variety.

3.8 EROSTON

Southern Ruahine Range

The erosion situation in the Southern Ruahine Range has been reviewed
in Chapter 2.3. Much of the erosion cccurs in the form of mass movement,
and there are many examples of debris slides and avalanches, slumps and
rockslides {using the terminclogy of Varnes, 19538) in this area. Creep
erosion of soil and/or screes also occurs., as does superficial movements
of soil, i.e. soil slips, (Warer and Soil Division, MOWD, 1971). These
soil slips may develop into more deep-seated erosion types, especially if
revegetation of the erosion scar is hampered by browsing animals, so that
the eroded surface does not become sufficiently stabilised before rhe next
intense rainstorm.

West Tamaki River catchment

The majority of deep-seated erosion sites occur in a zone along the
upper reaches of the subcatchments of the West Tamaki River. This zone,
corresponding to an altitude of between about 700m and 1000m is characterised
by debris slides, debris avalanches, rock slides and gully erosion.

In Car Park Creek, deep-seated erosion types are largely gully erosion
(Fig. 11), debris slides and rock slides (Fig. 7). Fig. 11 shows gully
erosion producing a deeply incised V-shaped valley. With undercutting of

the valley-sides debris slides are produced which become integrally
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associated with the gully erosion. When the gully becomes a watercourse,
during wet winter periods, removal of detritus and fluvial undercutting of
these slides occurs, during active erosion. Fig. 7 is a vertical aerial
photograph of a rockslide, named Cats Paw Scar, in Car Park Creek. This
rockslide is also evident in aerial photos taken in 1946, where it is
visible as a prominant erosion feature. Here, erosion has begun with
shear failure along a zone of weakness, eiitfier in the solum or a’mmg a
bedding plane in the grewsacke. Large scale terracettes (approximately
100m in width) can also be seen in Tig. 7, to the right of Cats Paw
Scar, on the convex creep slopr. It seems likely that not only soil creep,
but a larwer scale creep of all surficial materials and weathered bedrock
may be occurring in this region.

At lower elevations in the catchment, on steep to very steep slopes,
surficial erosion scars are developed, generally in thi form of soil and
earth slips (using the terminology of Water and Soil Division, MOWD, 1971).
These occur at points on the oversteepened inherently weak basement rock,
where vegeration is unable to stabilise the soil (e.g. Fig. 6, Fig. 12).
Field observations, and study of past aerial photographs suggest that these
features occur repeatedly at the same vulnerable sites, with intermediate
stages of regrowth attained before the next slip occurs. These slips tend
to occur predominantly on the north-east facing sides of subcatchments in
the West Tamaki River catchment, indicating that aspect may be an important
causal factor.

The West Tamaki River catchment has many examples of fluvial erosion
deposits preserved in its channel bed. Fluvial erosion processes have
gradually developed the channel profile, widening its banks, and sometimes
forming terrace, fan and gravel wave deposits. Bank erosion is particularly
evident where it is undermining gravel terraces and fans, and probably only

occurs in periods of high water flow, when high erosion velocities are reached.



Eresion velocity is defined as 'the critical velocity when particles
P

o o
of 2 niven size hepin to move by rolling or sliding on the stream bed,
or are lifted into suspension'., Strahler, 1971). Eates of bank erosion
are highly variable not only over time, but also from one reach to another.

However, an average annual rate of channel widening in the bush-clad areas

- -1
of the mountainland is estimated to be of the order of O to 9.5m +vr

{(Mavtin, pors. comm, ). {(urvent rates of chammel w

iening increase by
about two-fold in the lowland srea. at the foot of rhe Rance, (Martin
h 3

“GrS. COMmm. ).
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CHAPTER FOUR

HISTORY OF EROSTON TN THE WEST TAMAKI RIVER CATCHMENT

4.1 INTRODUCTION
The erosion hizstory of the West Tamaki River catchment is complex
and onlv partially preservad. Todav, & number of discontinuous deposit~

fvnal surfaces occur in the main river channel each representing at least

)

one erosicn event. The degree of s0il profile development and vegetation
maturity, on each of these surfaces enables a tentative ordering of the
deposits and thus the previous erosion owents. Dating of erosion events
in the catchment, has been aided hv the presence of 3 tephras (Ackautere ash,
Waimihia Lapiili, Taupo Pumice) a2s well as radiocarbon dating and dendro-
chronnicgy, (Grant, cited in Stephens, 1977).
It is arparent that two mnjor factors have contributed to erosion events
in the catchment, in the past. Theyare:
a) the creation of the steep eastern front of the Southern Ruahine
Range bv verticai faulting movements, which have governed the
fiiels slope gradiomts, and;
b) hueavy rainstorms. e.y. Gvelone Alison of March, 1975, and earlier

events as catalemuvd hy Grant (1978).

6.2 METHOD _OF STUDY
A number of methods were used to reconstruct the erosion history of
this catchment:
a) mapping of depositional surfaces, within the catchment,
b) description of soil profiles on these surfaces; and observation
of the maturity of vegetation stands,

¢) estimation of the organic matter content of the soils described.

(It is considered that, in the initial stages of soil formatiom,
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organic matter accumulation increases with time, and is

therefore an aid to a chronolovical ordeving of events.

Stevens (1968) also used this technique when studying

a chronosequence of soils, in the Franz Josef Glacier region},
d} use of dates provided by radiocarbon dating., dendrochrenclogy

and tepbrochronology,

4]
et

mapping the thickness of one fan and terrace deposit to produce
an isapach map,
£) use of aerial photogvaphs, spanning the last 34 years, to estimate

relative proportions «f eroded areas.

6.3 EROSION HISTORY

Chapter 2 reviews literature, concerned with reconstructing the
landscape evolution of the Ruahine Range throusgh geolongical time. As the
Range has been uplifted it has been subiected to erosive epilscdes prebably

interrupted by more stable periods, which have been largely controlled bv

major climatic fluctuations. Within the West Tamaki River catchment, during
each erosive event, aggradational gravel deposits have formed in the river
channel. During a subscyuent more stable period, soil development and

vegetation growth occurs on these surfaces as the river becomes incised
within them to form a channel. A partial recenstruction of eresion events

is outlined below.

4.3.1 Deposits of the Last Stadial (Ohakean Substage)

Recognition of the Ackautere Ash (erupted 20,500 yrs. B.P.)

A tephra bed, 25-40cm in thickness was discovered on the main channel
valley-side, at T23/682163. A field description is given with Fig. 14.
The tephra occurs as a silty~sandy lens, containing high proportions of
rhyolitic glass, as well as minor amounts of quartz, magnetite, hypersthene,

augite and rare hornblende. Using transmission electron microscopy, the
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<lpm fraction is seen to be a siliceous gel, with a fibrous matrix
(see Fig. 55, 6.3.2).

The Aokautere Ash is believed to have been erupted from the Taupo
Volcanic Centre about 20,500 years B.P. (MaCraw, 1973). It extends as
far seuth as Amberley in North Canterhury, South Island (Neall, pers. comm.,)
and on the Tararua and Ruahine Rznges it is confined to flattish or
gently rolling slopes, up to an altitude of about 400m (Cowie, 1964).

Rhea (1968) describes the occurence of the Aokautere Ash throughout the
Dannevirke district. The field an< laboratory data indicate that the
tephra located in the study nrea is the Aokautere Ash.

Interpretation

The Aokautere Ash occurs on the side of the main West Tamaki river
channel, overlwving large boulders, with at least 10m of stones above it.
On the su:face of these stones, 190cm of loess has accumulated in which
a friable, vellow-brown soil has developed.

The presence of the Aokautere Ash at this locality, indicates that
about 20,500 vears ago, i.e. during the last stadial {(which extended from
approximately 25,000 years to 15,000 years B.P.) gravels were no higher than
this point in the river bed. The tephra is todavy, found 10.1 metres above
the level of the present river channel. The loess presumahiy accumulated
upon the gravels toward the end of the last stadial (Dhakean Substage), and

during Post-glacial {Aranuian Stage) times.

4.3.2 Tephreostra: “graphy of the Takapari Peaty loam. and Nrosion

History of the Summit Plateauy

This soil occurs alonz the westioro boundary of the catchment on the
summit plateauy of the Ruahine Range. A deep profile, thicker than the
modal profile, was studied to provide a stratigraphic control to the record
of events involved in the genesis of this soil. A profile description,

particle-size and organic matter analyses are given in Fig. 15. This soil
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has developed as organic matter has slowly accumulated under a dense
leatherwood (Olziria colensoi) vegetation.

Within a profile studied of the Takapari peaty loam, a thin laver of
continuous cecarse ash (0.063-2mm) and fine lapilli (2~8mm) was found at
approximately 60cm depth, and a thin discontinuous layer of coarse ash at
87cm depth, {Fig. 15).

Macroscopisally, the upper band appears as ovate pumice pieces with
elongate vesicles. This band shows up clearly in many cuttings aleng the
Delaware Ridge track, which runs along the crest of the Range. It is
particular]lv noticeable as a band of small, white grains, when the profile
has dried out somewhat during the summer months. The lower band also
consists of pumiceous grains, generallwy smaller and less distinct. The
mineralogy of both bands shows large amounts of rthyelitic glass. with
embedded augites and hypersthenes. Minor amounts of hornblende and feldspar
were also noted.

Moar (1961) describes the presence of the Taupe Pumice and Waimihia
Lapilii in the westernRuahine Range and Elder (1965) mentions the presence
of 7-8cm of Waimihia Lapilli in the northern Ruahine Range. Pullar and
Birrell (1973) discuss the presence of Taupo Pumice in the northern half
of the Ruahine Range.

On the basis of macroscopic evidence, mineralogy and isopach maps
(Pullar and Birrell, 1973), the upper tephra band, found within the Takapari
peaty loam, is identified as the Taupo Pumice. This was erupted 1819417 years
B.P., during a sequence of eruptions, rentred on Lake Taupo. It is
considered that the lower band is part of the Waimihia Formation, erupted
3420+70 years B.P. from a centre east of Taupo.

Interpretation

These tephras indicate that the soil above 87cm has accumulated in the

last ca. 3440 years, with 27cm accumulating in ca. 1621 years between the
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two eruptions and 60cm accumulating in the ca. 1818 years since the Taupo
eruptien. The presence of the Waimihia tapilli toward the base of the
profile indicates that there was little soil development pricr to ca. 3440
years ago, or alternatiwveiv that if soil development did occur during a
relativelv stable peried since t}- end of the last stadial, the soil had
been stripped by crosion processes prier to this date. Erosion, prior

to the current soil formation episode, could be attributed to a) a period
of climatic deterioration with increased erosion rates or b) a natural
catastrophe, such as fire. Howower, there i: no evidence of burnt
vegetation Iinn this area to support the latter hvpothesis.

Particle-size and organic matter analyvses of the profile (see Fig. 15)
indicate that there are two lavers of maximum organic matter accumulation,
interrupted kv a zone of hizher silt content between approximately 25cm
and 60cm depth. Examination of the sand fraction (0.063-2mm). derived
from the zone of higher silt content, reveals a significant volcanic component
{rhvolitic glass, augite, hvpersthene, hornblende, magnetite), together with
guartz and {eldspar, derived from a grevwacke provenance. This assemblage
has the wineralowical characteristics of a tephric loess.

Thus, it is interpreted that the present period of soil formation was
initiated by peat accumulation over greywacke bedrock a short time prior
to ca. 3440 years ago (ca. 4640 vears B.P. if the rate of peat accumulation
before the Waimihia eruption was the snme as the rate of accumulation
between the Waimihia and Taupo eruptions, i.e. about lem in 60 vears).
Then, a period of increased loessial addition occurred, when tephric loess
become a dominant component in the accumulating soil profile. Since this
time, loess additions have diminished. and todeay accumulation of organic

materials 1is again the major addition to the profile.
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FIGURE 16: DEPOSITIONAL SURFACES IN THE WEST TAMAKI
RIVER CATCHMENT.
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4.3.3 Depositional Surfaces in the West Tamaki River Catchment

General Description.

A number of discontinuous depositional surfaces are preserved along-
side the main channel of the West Tamaki River catchment. One of these has
been tree-ring dated (Grant, pers. comm.), and two further aggradational
periods have been radiocarbon dated. Further investigations, as part
of the present studv, indicate several more aggradational surfaces within
the catchment (see Fig. 16). Fach deposit represents at least one erosion
event.

The soils develnped on these gravel surfaces mey be considered as a
chronosequence ("a sequence of related soils that differ, one from the
other, in certain properties, primarily as a result of time as a soil~forming
factor', Soil Sci. Soc. Am.. 19753). The remaining 4 soil-forming factors
(Jenny, 1941) may be considered to have been relatively consistent during

pedegenesis so far as these surfaces are concerned:

parent material - grevwacke gravels

vegetation - podocarp-hardwood forest (climax vegetation
tvpe)

climate - approximately constant along the main channel

relief - similar surfaces, dipping gently downstream.

of similar altitude.
(There is one exception to this, in the case of the terrace system on which
soils A and B have developed. These contain a considerable component of
tephric loess, i.e. parent material is not constant as a soil-forming factor,
in this case).
Profile descriptions, and loss on ignition data (indicating organic
matter content) are presented in Appendix II.

Interpretation

The Whiteywood Creek fan deposit (Fig. 18) shows evidence for at least
three periods of aggradation. A possible reconstruction of events leading

to its present form is given in Fig. 17. At the base is a small buried soil,
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17: A Reconstruction of Events Forming the Whitevwood Creek Fan.

{ay 12,500 vrs. B.P. - active
aggradation phase

C§74T) fan deposit

A-D-B river channel

(b) 770 vyrs. B.P. - second
aguradation phase

'-h.\ <‘
éghbx E second fan deposit

A-D-B blocked river channel
(former river channel becomes
inundated by gravels, and side
creeks are blocked te form a
swampy area at fan terminus).

{c) present day - relativelsy stahle
period with soil development and
vegetation growth

A-C—-B present river channel
(river has cut a new ceurse
through fan deposit, and peat
bog has formed in blocked

tributary at D).
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Fig. 18: Whiteywood Creek

fan deposit -

(1) vegetated with a rimu stand,
(2) records at least 3 aggradation
periods.

Fig. 19: A Soil Profile
developed on the Whiteywood Creek
fan deposit.
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seldom exposed at river level, which overlies the earliest, as yet undated,
gravel deposits of the fan. The bulk of the fan is a middle unit that
forms the lower two~third of the cliff face, at T23/695185. A wood speciman
of Griselinia littoralis (broadleaf) found within this unit, about 3m above
river level, has been radiocarbon dated at 12,150+150 vears B.P. (NZ4314B),
suggesting that active deposition was occurring on the fan ca. 12,000 years
ago (Fig. 17a).

A third period of aggradation is indicated by the upper gravel unit
of the fan, on which a mature rimu stand has developed. Tree-ring dating
of one old rimu at 450 years old {(Grant, cited in Stephens, 1977), gives
a minimum age for this last period of aggradation. It is this deposit
in which the present-day soil is formed (Fig. 19). At the terminus of the
fan, three metres of carbonaceous silts overlie medium to coarse greywacke
gravels. A wood sample obtained from the base of these carbonaceous silts
has been radiocarbon dated at 770+60 years B.P. (NZ&547C). This provides
a more accurate date for the third aggradational period. Field observations
suggest that the former river channel ran further to the east of its present
course, (Fig. 17a), and that during this third aggradational period, the
fan deposit filled this river channel, and formed the swampy area at its
terminal margin (Fig. 17b).

Since this time, the river has cut a new course through the fan, so
that the sequence of fan deposits are exposed on both sides of the main
river channel, (Figs. 17c, 18).

An ancient terrace system (Fig. 20) is preserved downstream of Whiteywood
Creek fan at two localities marked A and B, in Fig. 16. The soils
developed on these surfaces, contain a significant accumulation of loess,
mixed with a large number of boulders (Fig. 21). A dark, well
structured Ah horizon overlies friable, weak to moderately structured AB
and Bw horizons. The soil profile indicates that a considerable amount

of time has elapsed since soil development bagan. By comparing soil



Fig. 20: 01d terrace in
the West Tamaki River
channel-vegetated with

a podocarp-hardwood stand.

Fig. 21: A Soil Profile
developed on the old
terrace system.
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profile development, and organic matter contents it is suggested that

these surfaces predate the upper surface of the Whiteywood fan (Fig's 18,
19). The vegetation on both surfaces is a mature podocarp-hardwood forest
(see Appendix II).

At the mouth of No. 2 Creek. another extensive fan deposit is vegetated
with a mature podocarp-hardwood stand (see Appendix II). The soil devel-
oped on this surface (soil C) is about 0.5m thick, and is extremely
bouldery, with little or no loessial component. Its morphology is
similar to soil D on Whiteywood fan (Fig. 19), and it is suggested that these
two soils are of a comparative age. A buried soil, at the mouth of No. 1
Creek (soil E) also has a similar appearance, and it is considered that
it may also be of a similar age. All three soils are classed as Inceptisols
(Soil Survey Staff, USDA, 1975) or clini-fluvic soils (NZ genetic classi-
fication). The surfaces on which they have developed may represent lateral
downvalley continuations of a single depositional episode.

A weakly developed soil occurs on the fan surface, on which Stanfield

Hut is located. The red beech stand (Nothofagus fusca) has been tree-ring

dated at 98 years old (Grant, pers. comm.), providing a minimum age for
this surface (see Fig. 22, arrowed). The soil, which has developed in the
surface gravels of No. |l Creek fan is at a similar stage of development;
and it seems possible that it is of similar age. Both are AC soils, and
are thus classified as Entisols (Soil Survey Staff, USDA, 1975), or clinic
soils (N.Z. genetic classification).

Younger terraces, vegetated predominantly with mahoe (Melicytus
ramiflorus), occur downstream of Stanfield Hut and No. 1 Creek (soils G and
H), and at a number of other localities in the stream channel. These are,
in general, no more than 0.5m above the present river bed. The soils
developed on these terraces have weakly structured Ah horizons overlying
unweathered gravels. These soils are also Entisols, (clinic soils,

New Zealand genetic classification), and appear to be <98 years old.
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Fig. 22: An extensive Gravel terrace, formed during Cyclone
Alison (foreground), and a 98 year old fan deposit at Stanfield
Hut (arrowed), vegetated with a Red Beech stand.

Fig. 23: Recent soil, formed
in a gravel deposit, at the
mouth of Car Park Creek.
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In addition, a further gravel fan and terrace system is preserved
from the mouth of Car Park Creek, for about 1.2km downstream.

The gravels are angular and very fresh-looking, and there has been little
time for soil development, (soil K, Fig. 23). At the mouth of Drv Creek,
and in river bank exposures downstream of Dry Creek, these gravels can be
seen burving an older well-developed, yellow-brown soil. This soil is
stony and occurs on low, flat terraces further downstream. It has been
mapped as the Kopua stony silt loam bwv G.J. Smith {(rited in Mosley, 1977),
and classified as a yellow-brown lepam-vellow-brown earth intergrade
(strongly enleached alvi~fulvic soil) by Rijkse (1977}.

The thickness of gravel above the buried soil was measured at a
number of points from the Car Park Creek fan to its downstream margin on
the floodplain of the main West Tamaki River channel. An isopach map
(Fig. 24) allows an estimate to be made of the volume of detritus in this
fan and terrace deposit. A minimum of 190,000m3 of gravel (125,000m3 of
bedrock, using the factor used by Moslev, 1977) was eroded and transported
during this erosion event. Soil development on this surface indicates
that the erosion event occurred at some time during the last 98 years, and
may well coincide with the period of scouring with production of wide,
braided channels, after the 1920's-1930"s, which Brougham (1977) discusses,
(Chapter 2.1).

A set of very low terraces, adjoining the West Tamaki main channel,
were deposited during the most recent significant erosion event, Cyclone
Alison, of March, 1975. These terraces {marked R in Fig. 16) are essentially
bare gravel surfaces (Fig. 22 in foreground), particularly well preserved
between Head Creek and Hut Creek (Fig. 16) in the main West Tamaki channel,

and in Hut Creek (Fig. 8).
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Aerial Photographs (1946-1966-1974-1978)

DATE OF PHOTO 7% OF SUBCATCHMENT ERODED
(i.e. bare ground exposed)

9.10.46 3.4
1.11.66 11.2
28. 3.74 5.6
20.3.78 4.9

TABLE 5: PERCENTAGE ERODED AREA IN CAR PARK CREEK AND No. 1 CREEK

FROM 1946-1978

The earliest aerial phetosraphs of the study area taken by the
Department of Lawmls and Survey. date back to 1946. At this time, the
catchment appears to have been in a relatively stable situation, with only
a few prominent erosion scars evident. The stream beds of the subcatchment,
at this time., appeared to be narrower than thev are today. However, the
vegetativn was immature in places, giving a patchy appearance on the aerial
photographs. This is particularly evident on the north-east facing steep
slopes of the subcatchments, and aleng the main channel of the West Tamaki
River,

Bv 1966, the subcatchments had developed a large number of erosion
scars. Table 5 indicates that the area of bare ground had increased by more
than three-fold since 1946. The majoritv of these eroded areas occurred
on north-east facing slopes and in the heads of subcatchments.

During the following 12 years, a certain amount of re-vegetation of
these areas, both natnrally and by the New Zealand Forest Service, has taken
place. A comparison of aerial photographs taken in 1974 and 1978 indicates
that although the same eroded areas are evident, both natural and exotic
vegetation growth on these scars has occurred in the last 4 years. Today,
the Cats Paw Scar is seen to be vegetated over at least 507 of its area,

largely hy exotic species. planted hy the New Zealand Forest Service.



A few other erosion scars in these two subcatchments have been planted
with exotic species; and many of these, together with the other eroded

areas are slowlwy being colonised by native species,
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CHAPTER FIVE

A PEDOLOGICAL INVESTIGATION OF THE SOILS

IN CAR PARK CREEK SUBCATCHMENT

5.1 INTRODUCTION

A pedological investigation of the soil resources within this
subcatchment was carried out primarily to investigate the relationship of
soil classes to erosion forms. The method of investigation was:

a) the definition, mapping and naming of soils within the survey area;
and b) noting the relationship of soils distribution to vegetation pattern,
slope, geomorphology, parent materials and erosion forms within the survey
area, with possible extrapolation of findings to similar areas.

Thus, in the process of this survey some detailed information has
been obtained about soils occurring in the area previously mapped as
"Ruahine steepland soils', (e.g. Rijkse, 1974; G.J. Smith, cited in Mosley,
1977).

The general characteristics of the survey area, Car Park Creek,
are discussed in Chapter 3. It is a subcatchment characterised by steep
to very steep slopes, and it has been considerably modified by erosion
processes (Fig. 25). The survey area is approximately 180 hectares in
size, and in this study it has been mapped at a scale of 1:5,000 (see
Soil Map, Appendix III). It was previously mapped at a scale of
1:63,360 by G.J. Smith (cited in Mosley, 1977).

Gibbs (1962) describes steeplands as landforms formed, or forming,
under the influence of erosion. He attributes the main effect to stream
cutting but also acknowledges the significance of fault movements with
subsequent stream erosion, before soils can accumulate. The material
found on slopes, both regolith and soil, is not permanently fixed, but

moves downslope either imperceptibly by soil creep, or by massive sliding
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Fig. 25: Car Park Creek - a subcatchment of the West
Tamaki River.

(note very steep valley-sides in a subcatchment which
slopes steeply upto its head, due to upthrow by the
Mohaka Fault which runs along the main West Tamaki River
Channel) .

Photo: R. Blakely.
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movements. Consequently, a study of soils in such terrain is necessarily
related to current erosion processes. A soil mapping unit of common
usage in New Zealand to cover the intricacies of the soil pattern in such
terrain is that of "steepland soils'". This was initially used by Gibbs
(1954) to cover a complex and diverse range of soils, formed on steep
terrain. He describes these soils as being '"formed and maintained by
erosion", (1962).

Other workers, such as Campbell (1973), recognise a catena-like pattern
of soils on valley-sides. Campbell (1973) describes four distinct soil
units occurring on a) a ridge, b) an intermediate steep slope, c) an eroded
slope and d) an accumulation slope. He considers that this approach provides
a basis for better definition of mapping units, and separation of the
taxonomic units within them.

Campbell (1975) and Laffan and Cutler (1977) discuss landscape
periodicity on rolling and steep land. They show how the catema-like
pattern is further complicated by rejuvenation processes. The resulting
slope deposits may represent periods of accumulation, for example of loess,
or erosional and depositional events (Laffan and Cutler, 1977). The soils
developed on each surface mark a period of landscape stability, (Butler,
1959). The resulting mapping unit is of increased complexity and variation,
with its range of properties widened.

A similar situation appears to exist in the south-eastern Ruahine Range.
Here, a number of geomorphic units can be recognised on the valley-sides,
each characterised by a certain range of soils. Superimposed on these units
are deposits resulting from 1) accumulation of loess and volcanic ash, and
2) rejuvenation processes. The resulting soils pattern is very complex,
although certain common characteristics will be shown to apply to many of
the soils.

The soil mapping units employed in the survey include two soil types

and their related hill soils, and steepland soils. Some broad mapping units
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have been used because, in certain areas, soils are greatly modified
by erosion, so that large variations can be found over short distances.

The soils have developed from a number of parent materials. These
range from peat with tephric loess to basement greywacke and include loess
derived from prevwacke, colluvium, alluvium, scree deposits and shattered
fault zone materials.

The Takapari and Dannevirke soils occur on flat to easy rolling
surfaces {units 1 and 2, Conacher and Dalrymple, 1977). Their related hill
soils occur in areas where the landsurface becomes more steeply sloping,
that is on more steeply sloping interfluves and on the convex creep slope
{(unit 3, Conacher and Dalrymple, 1977). Ruahine steepland soils occur on
the steep to very steep vallev-sides (units 4, 5 and 6 of Conacher and
Dalrymple, 1977). A diaprammatic cross-section of a valley-side in Car
Park Creek, to show the relationship of soil classes to landsurface units,

is given in Fig. 26.

5.2 METHOD QF APPROACH

Ives (1970, 1972) discusses the problem of mapping in the New Zealand
high country. Having mapped soils of the Mowbray catchment in South
Canterhury, he found difficulty in relating taxonomic and mapping units
identified, with those of other surveys. This was attributed to: 1)
non-definition of the range of properties within a taxonomic or mapping unit,
and 2) insufficient awareness and use of data from other surveys. Thus
any soil survey should adequately define, accurately map and uniformly name
soils, in order to be able to correlate them and ensure that one soil has
the same name wherever it occurs. Most of the soil mapping units adopted
in this study have been previously described (e.g. Rijkse, 1977; Pohlen

et al. 1947). It was, thus, considered of importance to 1) investigate
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the differences and overall similarities within and between mapping units,
and to 2) establish correlation with taxonomic units used in pre-existing
surveys,

This soil survey was carried out in three stages:

iy Reconnaissance trips -~ enabling the surveyor to become acquainted with

a) the erosion problem in the Southern Ruahine Range, and b) the range of
soils which exist there. These trips were also used as an oppertuniby to
choose a suitable studv area in which a detailed soil survey could be
carried out.

2) Aerial photopvaphic studies - Aerial photographs of the catchment were

studied to investigate a) the nature of the land surface, b) vegetation
patterns, and c) extent and localities of erosion.

Information from gtapes 1 and 2 was used to plap a suitable approach
to stage 3.

3 Field investigation - This stage involved a number ¢f traverses across

the catchment, and description of soil prefiles encountered on the total
range of landforms. Subsequently, a number of soil mapping units were
identified, and their extent mapped on a base map of 1:5,00 scale (Appendix
I11). The range in profile characteristics within each mapping unit was
closely studied. Erosion forms within the area were noted and their
distribution with respect to the soil units was investigated,

The terminology of Taylor and Pohlen (1970) was used as a basis for
soil profile descriptions. Horizons were designated acecording to the
FAO-Unesco system (1974).

Soil colours were recorded moist. Root size and abundance were
described according to the Soil Survey of England and Wales (Hodgson, 1974%)
as Taylor and Pohlen (1970) do not set down a format for root descriptions.

Ives (1970) presents some additional specific terms for profile
descriptions, which he developed whilst surveying the Mowbray catchment,

in South Island. One of these has been adopted in the present study:
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"extremely stony'", as an additional class for stoniness
indicating the presence of >607%
stones (or gravel). The very stony
class, of Taylor and Pohlen (1970) is
modified accordingly.
The textural qualifying terms 'peaty" and "stoniness'" are used in
this study. Stoniness is included at the beginning of the horizon
descriptions together with the textural class, as it is considered to be
of major importance to the soil characteristics in soils which are very
~ extremely stony. A field assessment of the feel of many of these soils
indicated a grittiness. This suggests that colluvial greywacke material
present in the soil has had insufficient time for breakdown to finer particles.
Thus, a “gritty feel" is added to the horizon descriptions where relevant,
as it is considered to be an important factor characterising soils in which
rejuvenation is an important process.
Also, some soil profiles had a 'greasy feel', which was considered to

be indicative of a large allophanic component within the soil clay component.

5.3 SOILS

The soils encountered in the study area are listed below according to
topography. They are classified according to:
(1) the New Zealand genetic classification (common and technical names) and

(2) Soil Taxonomy (Soil Survey Staff, USDA, 1975).

SOILS LEGEND (to accompany soil map)

Soils of the Flat to Rolling Land of the Mountain Range

(1) very strongly leached organic soil (very strongly enleached
eldelodic soil)
(2) Lithic Borosaprist, with inclusions of Typic Borosaprists

TAKAPARI PEATY LOAM (Tp)
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k
(1) Taxadjunct? to strongly leached intergrade between yallow-

brown loams and vellow-brown earths (strongly enleached
alvi-fulvic soil)

(2) Tvpie Dystrandept, (or Typic Hapludand, in G. Smiths
provisional classification of Andisols, 1978)

DANNEVIRKE STLT LOAM TAXADJUNCT (D rax)

(1) Steepland soils, related to yellow-brown earths (strongly
enleached co-~fulvic clinic, fulvic-clinic soils)

(2) Typic Dystrochrept

(1) Hill «ails, related to very strongly leached organic soil
{(verv strongly enleached eldelodic soil)

(2) Tvpic Placaquept, with inclusions of Histic Placaguepts
and Humic Haplaquepts

TARAPART HILL SOILS (fpH)

(1) Hill soils, related to strongly leached intevgrade bhetween
yellew~brown loams and yellow-brown earths (strengly enleached
alvifulvie soil)

(2) Entic Dystrandept , with inclusions of Lithic Dystrandepts
{or Typic Hapludand , in G. Smiths previsionsl classification
of Andisols)

DANNEVIRKE HILL SOILS (D)

* Taxadjunct - a term used by the U.S.D.A. (USDA, 1967) fer the classi-
fication of a soil, whose definitive characteristics {at least two) are
outside but near the limits of an already defined series. Soils marginal
to already defined series may also be handled as taxadjuncts. This
concept is similar to the concept of the scil variant as it is used in
New Zealand literature (Taylor and Pohlen, 1970).
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Soils of the Steep to Very Steep Slopes

(1) Steepland soils, related to yellow-brown earths (strongly
enleached co~fulvic clinic, fulvic~clinic soils)

(2}  Typic Dystrochrepts with inclusions of Lithic Udorthents
(RuS) and vice wversa (RuVS)

RUAHINE STEEPLAND SOILS (RuS)

RUAHINE_STEETLAND SOILS, VERY STEEP PHASE (RuVS)

Soils of the Valley Floor

(1) Recent soilx, on gravel surfaces (Luvic soils)
{2) Typic Udifluvents
REGENT SOTLS (R)
N.R. The mapping symbols written in brackets after the soil names of each
mapping unit are used hereafter as an abbreviation for the soil name, for
example Tp, where used in the text, refers to the TAKAPARI PEATY LOAM soils.
Most of these mapping units have been previously described (Riikse,
1977; ©Pohlen et al. 1947). However, the D tax and DH soils are described
for the first time in this survey. Also, the RuMS has been added as an
additienal phase to the "Ruahine steepland soils". This phase occurs at
localities in the catchment where a soil has developed on a colluvial footslope.
TpH is a mapping unit adopted by Rijkse (1977) in Pohangina County.
It occurs just below Tp, which exists on the summit plateau. It is described
as being about 0.5 metres deep, with a peaty A horizon, It has been mapped
by Rijkse from 1070-1370 metres elevation on the western side of the Range.
In the present survey, these soils occur on ridge-sites at elevations as low
as 750 metres, and in many cases are considerably thicker than 0.5 metres.
Their representative profile description shows them to be markedly different
to their related counterpart, Tp, which occurs on less steeply sloping

terrain.
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5.3.1 The Ruahine gteepland soils

Deserigtion

The Ruahine steepland soils are located on the steep to very steep
valley~-sides of the subcatchment (units 4, 5 and 6 of Conacher and
Dalrymple, see Fig. 26). They may be subdivided into three phases, on the
basis of steepness of slope and mean soil depth. Fig. 26 shows shallow
RuS and very shallow RuVS soils occurring on the transportational midslopes,
whereas the deeper RuMS soils occur on the colluvial footslopes. A wide
range of profiles occur within each phase and some show no soil development,
(see Table 6). The extent of each phuase within the Ruahine steepland
soils mapping unit is shown on the soil map, where the delineated areas are
dominated by the soil phase to which they are assigned, but may contain
inclusions of the other two soil phases. This is particularly relevant
in areas mapped as RuS in which a substantial number of RuVS inclusions may
occur and vice versa. A few stable sites occur within each phase, where
soils are relatively well developed; however, these are considered to be
minor inclusions within any of the three soil phases. From the total number

of profiles, average soil depths have been calculated as:

Soil phase total depth of A and B (where present) horizons
RuMS 60 cm
Ru$S 45 cm
RuVs 35 cm

Root distribution is commonly throughout the full extent of the solum, which
undoubtedly plays an important role in soil stabilisation. A representative
soil profile description is given below for each soil phase, together with
Table 6 which indicates the range of properties within the Ruahine steepland

soils.
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(a) Ruahine steepland soil (RuS) Fig. 27

slope: 30O - 380 elevation: approx. 500-1000m

topography: steep slopes

drainage: well drained

vegetation: severely damaged podocarp-hardwood forest
(Lack of canopy trees, sub-canopy dominated by kamahi, with various
small trees, broadleaf, ferns and scrub. Open understory)

classification: Typic Dystrochrept

profile: cm
7»1%ﬂ‘¥ua.,:; P = 0 +1-0
X “"" A% o : "gv org. litter of leaves, twigs;

A root mat.

dk brown (10YR 3/3); v. stony
silt loam; friable with gritty
feel; wk. dev. f-mdm. nutty
structure; many f-cse roots.
Indistinct, irreg. boundary.

—Bw 9-45

dk greyish brown (10YR 4/2);
v. stony silt loam; friable
with gritty feel; wk. dev. mdm
blocky structure, breaking to
f. nuts; many f-cse roots.

(C on very shattered weathering
greywacke.




(b)

(c)
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slope: %400; elevation: approx. 500-1000m

topograzhv: very steep slopes

drainage: well drained

vegetation: severelv damaged podocarp-hardwood forest
(mainly scrubby broadleafs, pegperwood, ferns, mahoe and stunted
kamahi, with a few podocarps).

classification: Lithic Udorthent

profile: Ah 0-20cm dark brown (10YR 3/3); extremely stony
silt loam; firm with gritty feel;
weakly developed fine to medium nutty
structure; many fine-coarse roots;

distinct, wavy boundary
C 20~45cm shattered, weathering greywacke

R on solid, greywacke bedrock

slope: 18ﬁ~300; elevation: approx. 500-800m

topography: moderately steep to sleep slopes

drainage: well drained

vegetation: damaged podocarp-hardwood forest {relatively dense understorev

of broadleaves, pepperwood, lianes, ferns with Kamahi and a few

podocarps).
classification: Typic Dystrochrept
profile: 0 +1-0cm organic litter of leaves and twigs;

root mat.

Ah 0-12cm  dark brown (10YR 3/3); very stony
silt loam; friable, with gritty feel;
moderately developed fine to medium
nutty structure; abundant fine~coarse
roots. Indistinct, wavy boundary.

Bw 12-33cm brown/dark brown (10YR 4/3); extmly
stony silt loam; friable with gritty
feel; weakly developed med. blocky
structure; many fine-coarse roots.

Indistinct, wavy boundary.
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Bw2  33-52cm brown (10YR 5/3); extremely stony
sandy loam; friable; very weakly
developed fine to medium blocky
structure; common fine to coarse roots.
C 52-100cm greywacke gravels, with greyish brown
(10YR 5/2) sandv matrix; structureless

R on greywacke bedrock.

Erosion is undoubtedly the overriding process affecting profile
development within these soils, with the occurrence of a considerable number
of erosion slips and scree deposits. Other processes which occur include
a limited amount of accumulation and incorporation of organic matter, with
moderate to strong leaching.

Erosion processes within these steepland soils complicate the three
phase soil pattern {(shown in Fig. 26) by producing within each phase:
bare rock and scree deposits, buried, truncated and skeletal soils. As a
consequence, each soil phase encompasses a wide range of prouperties.

All three soil phases do not necessarily occur in any one slope unit. RuMS
soils occur over a limited area where the slope is sufficiently gentle for
colluvium to accumulate and where little undercutting by the stream channel
occurs. The distribution of RuS and RuVS soils is controlled primarily by
the angle of slope and erosion pattern.

Classification

A considerable variability within each soil phase results in the
presence of Dystrochrepts and Udorthents within this mapping unit. RuS
soils are characteristically Dystrochrepts, which meet the colour and depth

requirements of the typic subgroup, and RuMS soils being slightly deeper also



TABLE 6

VARIATION OF PROPERTIES IN THE RUAHINE STEEPLAND SOILS MAPPING

UNIT

(moist) RANGE OF o
HORIZON COLOUR TEXTURE CONSISTENCY STRUCTURE THICKNESS {cm) STONINESS
dark brown/brown; silt loam; very friable week to moderately stony, very stony
dark brown; friable devaloped; extremely stony
Ah very dark greyish loamy sand; firm very fine, fine or S—44
+ B i "S:
brown sandy loam T/ gritty feel) ﬂ?dlum nut§,
- fine crumms
dark brown; silt loam; very friable weak to moderately sftony, very stony
dark brown/brown; friable developed; packeting extremely stony
Bw brown; dark sandy loam firm fine, medium, coarse ({0-7)
greyish brown; + S N or very coarse 0-~-59
dark vellowish (/_ ericty feel) blocky (breaking to
brown fine nuts, in many
cases) L
C : greywacke bedrock {often shattered)

fault breaccia

gravels (e.g. scree

1

deposit)

with loess (possibly with some tephric component)

colluvium {gravels with finer matrix, with or without loess]).

R



TABLE 6 (contd.)

NOTES:

1} A and B horizons may or may aet be present in any soil {du. to non-development or removal by

erosion processes).

2) Several soils have been described with buried horizons e.g.

0 +1-0cm
c 0~-35cm
Ahb 35-60cm

Bsb 60-~115cm

Cb 115+

leaves, twigs
fresh, angular grevwacke gravels

dark brown (10YR 3/3); very stony silt loam; very
friable; weakly developed very fine to fine nutty
structure; many fine to coarse roots; native earthworms
present.

brown/dark brown (10YR 4/3); very stony silt loam; very
friable; weakly developed medium blocky structure;

common fine to coarse roots.

weathering greywacke.

‘v8
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fit into this subgroup. Within the RuS swil phase a number of Lithic
Udorthents occur as inclusions. The modal RuVS soil is classified as a
Lithic Udorthent, with inclusions of Tvpic Dystrochrepts.

Accordingly to the New Zealand classification the Ruahine steepland
soils are strongly leached c¢lini -fulvic, fulvi-clinic or clinic soils,
in order of decreasing soil development, (common name: strongly leached
ateepland soils, related to vellow-brown earths).

5.3.2 The Takapari peatv loam (see also Appendix IV)

Description

The Takapari peaty loam (Tp) is located on the level to gently sloping
summit plateau of the crest of the Ruahine Range, {units 1 and 2, of
Conacher and Dalrymple, 1977, see Fig. 26). Here, it occurs under a dense
leatherwood vegetation, and is commonly about 0.5 metres thick. In local
depressions, it may be considerably thicker than 1 metre and in very poorly
drained aveas the leatherwood succombs to a snowgrass vegetation.

Two profile descriptions given in the text are {a) of a modal
profile, made toward the end of a dry summer; and (b) of a deeper version
of the soil, made toward the end of the winter season (Fig. 15). It is
likely that differences in soil colour and consistency between the two
descriptions is due, in part, to a difference in draimage characteristics
between the two soils, but also to a difference in soil moisture due to
the time of year at which the respective profiles were described. Thus
in profile (a): the Hal horizon has a less red hue than that of profile
(b), and in Ha2 there are signs of mottling. Also, large shrinkage
cracks which have formed after a long, ¢dry period, and being characteristic
of a peat, occur in profile (a) where the soil profile is exposed, i.e. at

a roadside cutting, and on the bare ground surfaces.



(a)

Takapari peaty Joam (Tp) Fig. 28

slope: O - 60;

topography:
drainage:

vegetation:

elevation: approx.

summit plateau

poorly drained

86.

1100-1300m

dense leatherwood scrub (Olearia colensoi), with snow grass

(Chionochloa pallens) in very poorly drained areas.

classification:

profile:

(cm)

Lithic Borosaprist

*

0 +2-0

cm

WaZ 12-48

fresh to well decomp. org. litter

Hal 0-12

dk brown (7.5YR 3/2) peaty loam;
sl sticky; sl plastic, mod dev
mdm - cse nutty structure; no
stones; abundant f-cse roots.

dk brown (7.5YR 3/2) peaty loam;
sl sticky, sl plastic, mod dev.
cse-v cse blocky structure; a

few gwk chips (weathering to
brownish yellow, 10YR 6/8)
toward base; cmn mdm-cse roots;
mottling increasing toward
profile base, particularly assoc.
with roots and worm channels.

on
weathering, shattered greywacke
bedrock.
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The Takapari peaty loam occurs in a relatively stable area of low
erosion potential. Due to a cold, wet climate, soil development on the
gentle slopes of the summit plateau is slow with accumulation of organic
matter being the dominant process. Thus a peat has developed at this
elevation, with the process paludization (accumulation of a thick mass
of organic materials in a poorly drained site) being oprrative, In the
wet winter wmonths it is probable that the soil profile is completely water-
logged and reduced. In the drier summer months, some mottling may occur
in the profile, particularly associated with cracks and roots channels.

A laboratory investipation of nitrogen mineralisation within the soil
suggests that nitrification is inhibited, with a large percentage of the
inorpganic-N produced being present in the ammonium form (see Appendix 1IV).

These soils are classified as Borosaprists (Soil Survey Staff, USDA,
1975) on a basis of erganic matter determinations, the pyrophosphate colour
test and soil temperature regime. Profile (a), a modal profile, is considered

to be a Lithic Borosaprist,” (see footnote) whilst profile (b) approaches a

* TIn order to slot profile (a) into the lithic subgroup, this Boroszaprist

is required by Soil Taxonomy to have a lithic contact within the control
section. Clearly the organic soil material rests upon greywacke rock at

a depth of about 0.5m, which is however shattered, so that cracks commonly
occur at intervals less than 10cm, a condition which does not satisfy the
definition of a lithic contact. However, no roots penetrate the cracks. Due
to its fractured nature, chunks of greywacke may be dug out with difficulty
with a spade - a criteria for the paralithic contact. However, it is
improbable that greywacke fragments of U.S. gravel size (2-75cm) would disperse
after end-over-end shaking in water or sedium hexametaphosphate solution, for
15~hours. Hence, the best available subgroup category is considered to be
lithic. Thus, for the purposes of this survey a lithic contact is considered
to occur where: '"the shattered greywacke (with many cracks at intervals closer
than 10cm, but without or only the barest minimum of root penetration down the
cracks, and with gravel fragments (2-75cm) that can be broken out but do not
disperse in sodium hexametgphosphate solution) occurs within the prescribed
limits established for soil profiles consisting of mineral or organic soil

materials",

In profile (b) (Fig. 15) weathering greywacke occurs at 105cm.
One criteria for the definition of a Typic Borosaprist is that it does not have
a lithic contact within the control section. The depth of the control section
for a Histosol of sapric organic soil materials is 130cm. However, if a lithic
or paralithic contact occurs at a shallower depth, this contact is taken
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footnote (contd.)
as the baso of the control section (p.68, Soil Taxonomy). Clearlvy the
definitions for Histosols arfe confusing, and require better clarification.
In this study profile () is considered to approximate most clasely to the

tvpic suvbgroup of the Borosaprist great group.

Typic Borosupris; and represents an inclusion, where a greater depth of
peat has accumulated in a depression in the underlying bedrock.

According to the N.Z. classification, the Takapari peaty loam is a
very strongly enleached eldelodic soil, (common name: very strongly
leached organic soil).

5.3.3 he Takapari hill soils (Tpl)

Descriptfon

The Takapari hill seils (TpH) have developed below this relatively stable
area, and occur on slopes of up to 3OO, i.e. gloping interfluves, and on
convex creep slopes. Thev are characterised bv a peaty loam Ah horizon or
a peaty Ha horizon, overlwving a mineral soil.

At highest elevations and in local depressions, a peaty Ha horizon
occurs, often with an Ah below it. In other plares, a deep Ah horizon
may be found. Below this is a grey, gleved horizon, which is in most cases
mottled. This can be as thick as 40cm to 50cm, although at lower
elevations this reduces to the order of a few centimeters thick. In the
former case a well deweloped iron pan (or placic heorizon) occurs at the
base of the poorly drained B horizon. This is cemented by black metallic-
looking manganese in the top half, and a wrewn ivon accumulation in the
lower half. It is no greater than one to two centimetres thick, and is
typically very wavy and discontinuous. With decreasing elevation, the
depth of the overlying B horizon decreases, and the thin iron pan is seen
to be less well developed, and not as cemented. The two features appear
to be genetically related. Below the iron pan is a cowmparatively freely-

dvaining horizon, derived from colluvial material. This overlies the
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basement greywacke which in places appears very weathered, and can be dug
into with a spade. The total soil profile is commonly between 0.5 and
1.0 metres deep.

Two representative profile descriptions are given below:

(a) Takapari hill soil, (TpH) Fig. 29

slope: 120-300; elevation: approx. 1000-1100m

topography: convex creep slope, below summit plateau

drainage: poorly drained

vegetation: leatherwood scrub dominant, with some broadleaves,

pepperwood, ferns, coprosmas, pink pine, Dracophyllum spps.

classification: Typic Placaquept.

profile: cm

y 0+2-0
2 litter of leaves, twigs; well
decomp. organic mat.

® AhO-18

dk brown (7.5YR 3/2) peaty loam;
friable; mod. dev cse nutty
structure; abundant f-cse
roots (+ assoc incipient
mottling); sl stony.
Indistinct, wavy boundary.

/Bg 18-40/56
dk greyish brown (10YR 4/2);
v. stony silt loam; yellowish
brown (10YR 5/6) mottles; mod.
dev. cse blocky structure; firm;
a few mdm-cse roots; mixing by
native earthworms of overlying
horizon materials.
Distinct, wavy boundary.

Bms 40/56-41/57
discontinuous cemented pan, black
at top, st. brown at base.

Cw 41/57-110
yellowish brown (10YR 5/6);
extmy stony silt loam; gritty
feel; no roots; wk. dev. f-mdm
blocky structure to structureless

R on greywacke bedrock.
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Takapari hill soil (Ipll}

slope: 120~30Q; elevation: approx. 800m
topography: sloping interfluve, between two subcatchments
drainage: poorly drained
vegctation: kamahi-broadleaf dominant, with some leatherwood scrub
classification: Typic Placaquept
profile: 0 +2-0cm organic litter and well decomposed humus.
Ahg 0-12cm dk brown (7.5YR 3/2) peaty loam; dark
yellowish brown (10YR 4/4) mottles;
slightly stony; friable; moderately
developed coarse nutty structure;
abundant fine to coarse roots {with
associated oxidation alomg root channels)
Distinct, smooth boundary
Bg 12-17cm greyish brown (10YR 5/2) silt loam;
slightly stony; friable; weakly devel-
oped medium blocky structure; a few
roots;
Distinct, wavy boundary
Bs 17-18cm accumulation of iron and manganese
oxides, weakly cemented
Bwg 18-40cm yellowish brown (10YR 5/4) silt loam,
with dark yellowish brown (10YR 3/4)
mottles; stony; weakly developed
coarse blocky structure; a few medium
to coarse roots, friable,
Cw 40-68cm yellowish brown (10YR 5/6); very stouvy
silt loam; friable with gritty feel;

weakly
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developed coarse blocky structure to

structureless
2C 68+ greywacke bedrock
Genesis
The morphology of this soil indicates that gleying and/or podzolisation
are occurring. Ross and Mew (1975) discuss some gley podzols from Westland,
in South Island, New Zealand, which have certain morphological similarities
to TpH. However, in the Westland soils, iron pans are more highly developed
and are often associated with a zone of humic accumulation above them.
These soils have formed on glacial outwash gravel surfaces and show a peaty
topsoil, overlying a grey-olive impervious subsoil (sometimes with mottling)
overlying an iron pan. They consider that these features of the soil,
together with its waterlogged nature are features of gleying, rather than
podzolisation. They suggest that podzolisation was once operative, and may
still be today to some extent, but gleying is now the dominant process.
Crompton (1952) described the morphological features of some poorly
drained soils in Great Britain, New Zealand and Australia. He describes
a thin iron-pan soil occurring at altitudes above 305 metres in Scotland,
where gleving occurs in a peat-forming climate. The morphology of the thin
iron~pan soil is described as:
"A peat surface, from a few inches to several feet
thick, overlies a dull brownish~grey horizon which
merges into pale blue-grey gleyed loam or clay loam
resting sharply on a thin continuous hard iron-pan
rarely more than %" thick, which in turn rests upon
yellow-brown freely drained, or at the most, slightly
imperfectly drained, C horizon'.
This description bears a strong resemblance to that of TpH. Cromplon
(1952) suggests that this soil has developed as a result of reduction of
iron in an horizon of gleying immediately beneath the peaty surface due to

the peat acting as a sponge and maintaining saturated conditions immediately

below it. Subsequently, the reduced iron is oxidised at a lower better
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drained part of the profile, and an iron pan slowly develops. Crompton
suggests that the iron pan may deepen with age. If reduction and

oxidation ar# the main processes involved in the pan genesis then the most
intense and prolonged gleving might be expected above the shallow
depressions of the incipient pan. With time, the intense gleying at these
sites leads to further removal of iron to greater depths in the profile

by means of a diffusion mechanism. Thus, the result is greater contortions
in the form c¢f the iron pan, as these depressions become enlarged.

Crompton (1952) and Stevens (1968) discuss and review literature
concerning the genesiz of ¢leyved versus podrolised soils. Stevens (1968}
suggests possible mechanisms of podzolisation and gleving. He considers
that the formation of a podzol, ot spodosol (Soil Survey Staff, USDA, 1975),
most likely involves the mobilisation (by chelation) and translocation of
sesquioxides down the profile, with immobilisation, probably by micro~
biological destruction of the ligand in the spodic horizon.

In TpH a yellow-brown horizon of uncertain origin occurs beneath the
placic horizon. To confirm whether this horizon beneath the placic horizon
(i.e. below bbem) is a spodic horizon or not, extractable iron and aluminium
were obtained from sampies taken at 10cm intervals down the entire profile.
Two extraction techniques were used:

1) extraction with 0.1M sodium pyrophosphate, to extract predominantly
organically complexed iron and aluminium, the form expected in a spodic
horizon, and

2) extraction with sodium dithionite and citrate to extract predominantly
inorganic amorphous iron and aluminium cowmpounds, such as may be found in a
cambic horizon of an Andept.

One of the criteria laid down by Soil Taxonomy (1975} for a spodic

T dithionite-citrate extractable Fe and Al

horizon is: % of pyrophosphate extractable Fe and Al 0.5
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The results obtained from the above analyses are shown in Fig. 30.
They indicate that there has been little removal of iron and aluminium
from the Bg horizon into the region below the placic horizon. There is
a small amount of iron and aluminium accumulated at depth; but the ratio
of pyrophosphate to dithionite-citrate extractable Fe and Al is 0.48,
therefore not satisfving the criteria for a spodic horizon. Loss on
ignition data indicates a minor accumulation of crganic matter in the lower
half of the profile.

The ratio of pyrophosphate to dithionite-citrate Fe and Al in the
overlving By horizon ranges from 0.55 to 0.64. It is thus not strongly
depleted of pvrophosphate extractable iron and aluminium, which would be
expected for the albic horizon characterising a Spodosol. This can
probably be accounted for bLw the faet that water movement through this soil,
which occurs on slopes of up to 300, is lateral rather than vertical, so that
the Bg (or Br) horizon never becomes strongly eluviated; with illuviation
in the underlying horizon insufficient to produce a spodic horizon. The
colour of this underlying horizon i.e. the one beneath the placic horizon
indicates that iron is in its oxidised form, Fe3+; and no mottles are
apparent. The more freelv-~draining nature of this horizon may be explained
by impedance of soil water movement at the placic horizon, with gleying
occurring above this point. Thus, the horizon beneath the placic horizon
remains relatively well aerated and weakly weathered, and is designated a
Cw horizon (profile description a ). At lower elevations in the catchment
on the steeply sloping interfluves the iron pan is less well developed, and
in places is largely uncemented. In this case, water is not impeded to
such an extent and the underlying horizon is more strongly weathered.

Some root penetration is possible with a slight increase in structural
development and colour change. This horizon is therefore designated a

Bw horizon (vr Bwg, if motLling occurs), and may or may not be underlain by
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a Cw horirzon (profile description b).

Thus, it is considered that gleving is the dominant soil forming
process in TpH; and podzolisation, if it does occur, is only a minor
soil [forming process. Accumulation and incerporation of organic matter
take place, with decomposition being relatively slow so that a peaty
topsoil develops. Pedoturbation by native earthworms is a significant
process, with evidence of active burrowing in the wajority of profiles.
Leaching also occurs, with eluviation and deposition of iron and aluminium
in the protile. Water movement through the profile is considered to be
predominantly in a lateral direction, which may explain to some extent why
the Bg (or Br) horizon does not fully develop into an eluvial (or albic)

horizon.

The By (or Br) horizon satisfies the criteria for a cambic horizon.
On a basis of its colour ( a chroma of 2 or less, if mottling is present;
or 1 or less if there is no mottling) together with the nature of the
epipedon and the presence of a thin placic horizon within the modal profile,
the soil is classified as a Typic Placaquept (Soil Survey Staff, USDA, 1975).
In places on the convex creep slopes, where the epipedeon has sufficient
thickness and organic matter content to satisfy the criteria for a histic
epipedon, inclusions of Histic Placaquepts may be found. At lower
elevations, on the sloping interfluves, the iron pan is less well developed
and largely uncemented. Here, it is likely that inclusions of Humic
Haplaquepts will occur.

The Takapari hill soils have previous@been classified as hill soils
related to very strongly enleached eldelodic soils (common name: organic
soils) in the New Zealand classification. However, on a basis of the

present study, the profile development of these soils suggests that they
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are very strongly enleached madentic soils (gley soiis}, and as such bear

little similarity to the Takapari peaty loam soils.

Description  On the level to géntly sloping surfaces, near the valley
throats of (1) the subcatchment, and (2) the West Tamaki River catchment,

a considerable accumulation of loess (0.5-2.0 metres) with a large
contamination of tephric minerals, is found.

The soil developed in this parent material typically has a dark, nutty
structured Ah horizon, overlying a friable, yellow-brown Bw horizonm.

Where the soil has developed on level to rolling topogmraphy (units 1 and 2
of Conacher and Dalrympie, see Fig. 26), i.e. on (a) depositional gravel
surfaces at the valley throat, and (b) on ridge-crests (unit 1), it is
virtually stoneless, (Fig. 31). On the moderately steeply sloping

sides of the ridge-crests (unit 3) the soil is stony and admixed with
loessial colluvium, especially toward the base of the solum . These are
the hill soil equivalents of the more well developed stone-free soils,
(Fig. 32). They have little or no O horizons and thinner A horizons.

The soils described in this survey have been compared with soils
described in others surveys of adjacent areas. The stone-free soil
resembles the Dannevirke silt loam, of the Dannevirke series, described by
Rijkse (1977) as occurring on high terraces on the west side of the Range.
the occurrence of a Dannevirke heavy silt loam, in a few small areas at
the foot of the Ruahine Range (about 30km north of the present survey area).
It was noted that this soil type was stony in places.

A comparison of profile descriptions of the Dannevirke soils (Rijkse,
1977) with those of soils found within the survey area (not including the
hill soils), indicate that texture, consistence, stoniness and horizon
depths are similar in all horizons, and colours are identical for the B

and C horizons. However, the soils of the present survey have a darker
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coloured A horizon and a difference in structural development. It
appears that they are closely related to the Dannevirke silt loam,
described by Rijkse; and have thus been mapped as a taxadiunct (similar
to the New Zealand mapping unit, the variant, Taylor and Pohlen, 1970,
see 5.3 ) of the Dannevirke silt loam (D tax), together with their
associated hill soils (DH).

The Dannevirke hill soils (DH) are defined in this survey as those
soils occurring on the [lanks of the ridge-crests (unit 3 of Conacher
and Dalrymple, 1977). Unlike the soils formed on the more stable sites,
they have little or no O horizon, thinner A horizons, are steny througheut,
and are formed in colluvial material, intimately mixed with the tephric
loess parent material.

Representative profile descriptions of D tax and DH are given over:

Genesis

The Dannevirke soils exist in a relatively stable zone. Some bank
erosion occurs, where these soils extend down to the main channel. However,
the friable, freely draining D tax soils are in a zone of low erosion
susceptibility. Hajor soil forming processes are the accumulation and
incorporation of organic matter, with a moderate amount of leaching.
Pedoturbation by native earthworms is often sufficient to produce an AB horizonj
as well as numerous krotovinas of A horizon material in the B horizen, and
vice versa (Fig. 33 a, b). The D tax soils maintain a good vegetative
cover, with several mature podocarps. The average soil depth is calculated
to be 100cm. A few small erosion features are associated with the DH
soils. Small terracettes may be seen on the ground surface, and the soil
morphology indicates that some soil creep is occurring. However, the
friable, freely-draining nature of these soils means that root distribution

is extensive, increasing their stability.
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Dannevirke taxadjunct (D tax) Fig. 31

slope: 0'-120; elevation: approx. 410m

topography: flat depositional surfaces, ridge-crests and footslopes
at valley throats

drainage: well drained

vegetation: mature podocarp-hardwood forest

classification: Typic Dystrandept (or Typic Hapludand)

profile: cm

0 +5-0 fresh litter, well decom.
humus.

Ah 0-24 v dk. brown (10YR 2/2) silt
loam; friable with greasy
feel; mod. dev. mdm to cse
nutty structure; abundant f-cse
roots.
Indistinct, irreg. boundary.

AB 24-34
dk. yellowish brown (10YR 4/4);
silt loam; friable with greasy
feel, mod. dev cse blocky
structure, breaking to mdm nuts;
many f-cse roots; a v few small
gwk chips; interfingering of
A horizon due to mixing by
native earthworms.
Distinct, wavy boundary.

"Bw 34-90

yellowish brown (10YR 5/6);

silt loam; friable with greasy
feel; mod dev. cse blocky
structure; a v. few small gwk
chips; a few cse roots with some
dead and burnt tree roots evid-
ent. Indistinct, smooth boundary.

C 90-190
Lt. olive brown (2.5Y 5/4); silt
loam; firm with sl. gritty
greasy feel; massive; no roots.

R 190+
greywacke bedrock
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Dannevirke hill soil, (DH) Fig. 32

slope: 120—300; elevation: approx. 500m

topography: moderately steep-steeply sloping flanks of ridge tops.
drainage: well drained

vegetation: mature podocarp-hardwood forest

classification: Entic Dystrandept (or Typic Hapludand)

profile: cm
0 +1-0
fresh litter of leaves and
twigs.
Ah 0-17

v. dk. brown (10YR 2/2); stony
silt loam; friable with greasy
feel; mod dev. mdm. -cse nutty
structure, abundant mdm-cse
roots.

Distinct, wavy boundary

Bwl 17-57
dk. yellowish brown (10YR 4/4);
v. stony silt loam; friable
with greasy feel; mod. dev.
cse. blocky structure; many
mdm. -cse roots.
Indistinct, wavy boundary

Bw2 57-99
yellowish brown (10YR 5/4);
v. stony silt loam; v. friable
with greasy feel; wk. - mod.
dev. cse.—v. cse. blocky struct-
ure; a few roots.

C on shattered greywacke bedrock.

MASSEY UMIYERSITY
LIBRARY
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Fig. 33 Native Earthworm and Native Earthworm Burrows

(a) The presence of native
earthworms in many soil
profiles undoubtedly
has an important effect
on soil forming processes
and soil profile develop-
ment.

SCALE
10 cm

_—

(b) Native earthworm
krotovinas of A
horizon material
in the underlying
B horizon.

APPROXIMATE
SCALE
1 cm

—J
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Classification

The D tax soils are classified as Typic Dystrandepts (or Typic

Hapludands, using G. Smiths provisional classification of Andisols,

1978); whilst the modal DH soil is classified as an Entic Dystrandept

(or Typic Hapludand ) on a basis of field and laboratory data. Bulk
densities, pH in NaF, 15 bar water retention (of dried and undried samples)
values, sand and clay mineralogy studies and P retention values (Appendix V)
all suggest that the exchange complex of these Dannevirke soils is dominated
by amorphous materials, (see also Chapter 6).

Thus, according to the New Zealand classification these soils are
classified as alvic soils (yellow-brown loams). This is in contrast to
previous New Zealand classificaitons of the Dannevirke series (e.g. Rijkse,
1977) where it has been classified as an alvi-fulvic soil (common name:
intergrade between yellow-brown loam and yellow-brown earth).

5.3.5 Recent soils (R)

Description These soils occur on recent depositional gravel surfaces
i.e. terraces and fans, on the stream channel bed, where alluvium has
accumulated (i.e. unit 7, of Conacher and Dalrymple, 1977). The alluvium
forming the parent material for these soils is characteristically coarse,
angular greywacke gravels, sometimes interbedded with finer silty and/or
sandy beds. The soils formed within these alluvial materials, in the
Car Park Creek area, have an accumulation of organic litter on their
surfaces to a thickness of several centimetres, and a poorly expressed Ah
horizon overlying the greywacke gravels. They characteristically contain
no B horizon, although many fine roots penetrate down through the C horizon,
indicating the initiation of pedogenesis below the Ah horizon. A

representative soil profile description is given below (see also Fig. 23).
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Recent soil, (R)

slope: 1level - gently sloping, 0-6°
topography: terrace surface in main channel
drainage: well drained
vegetation: toetoe, grasses, few small shrubs
classification: Typic Udifluvent
profile: 0 +10-0 root mat , litter, humus, fine gravels
Ah 0-12 very dark greyish brown (10 R 3/2);
extremely stony loamy sand; soft consistency;
weakly developed fine crumbs around roots;
abundant very fine-medium roots.
C 12-100+ stratified greywacke gravels, with silts

and sands.

Genesis

The extent of soil development on depositional gravel surfaces depends
on the age of the surface. Thus, an investigation of soil development on
a number of depositional surfaces can be used as an aid in the chronological
ordering of these surfaces, as discussed in Chapter 4. Soil formation is
initiated by accumulation of organic matter on the surface of the gravel
deposit, and an Ah horizon develops as roots and their associated soil fauna
penetrate the soil. Soil development appears to progress more rapidly
in a parent material with a greater proportion of finer-textured materials
within the gravels. Fig. 22 indicates the limited extent of colonisation
of a terrace surface formed,three years prior to the date when this photo
was taken,during Cyclone Alison. Evidence suggests that complete
colonisation of the surface of such gravel deposits will take at least 10-
20 years. After 40-50 years, the surface is colonised with mahoe trees,
grasses, ferns, lianes, thistles and foxgloves, and after 90-100 years

there has been sufficient time for a young stand of trees to develop (e.g.
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red beech, in the case of the Stanfield Hut terrace surface).

Classification

These soils which have little evidence of pedogenic horizons are
classified as Udifluvents, being Entisols which have formed on depositional
surfaces on the stream channel bed. They are free-draining, with colour
values which satisfy criteria for the typic subgroup of Udifluvents.

In the New Zealand genetic classification they are luvic soils, i.e.

recent soils rejuvenating by water-borne accumulation.

5.4 GENERAL DISCUSSION

Within the survey area the distribution of soil classes is associated
with specific geomorphic surfaces (classified according to the nine-unit
landscape model, of Conacher and Dalrymple, 1977). At highest elevations
on level to gently sloping surfaces (landsurface units 1 and 2), the
Takapari peaty loam (Tp) occurs. Below this on sloping interfluves, and the
convex creep slopes (landsurface unit 3), the Takapari hill soils (TpH)
occur. These are a distinct grouping of soils, and unlike the Tp soils,
their peaty topsoils are underlain by 0.5 to 1.0 metres of mineral soil.

The Ruahine steepland soils (RuMS, RuS, RuVS) occur on moderately steep

to very steep valley-sides (units 4,5,6) of the subcatchment. On the inter-
fluves at lower elevations, and their gently sloping footslopes (units 1

and 2), the Dannevirke taxadjunct soils (D tax) have developed, and on the
more steeply sloping flanks of the interfluves (unit 3), the Dannevirke hill
soils (DH) occur. Soil morphology of DH closely resembles D tax, although
it is slightly less well developed, and contains a large number of stones.

On the young discontinuous depositional surfaces (unit 7), on the stream
channel bed, Recent soils occur. These are extremely stony with little or no
B horizons. At many sites these soils bury older soils which have formed

during a prior stable period.



104.

Erosion is a particularly important process affecting the development
of Ruahine steepland and Takapari hill soils. Virtually all of the
erosion in Car Park Creek occurs within the areas mapped as these two soils.
Relatively deep soils form on the crests of the interfluves. At
lower elevations the Dannevirke soils occur, but with increasing elevation
these soils become more strongly leached, and the A horizons become more
peaty. The scils become imperfectly drained, and iron and aluminium
becomes reduced and mobilised within the profile. An incipient iron pan
is seen at approximately 750 metres elevation. With increasing elevation,
the peaty nature of the Ah horizon increases, the mottling of the Bh horizon
becomes more intense (ultimately developing into a Br horizon) and cementation
and thickness of the iron pan increases. Thus the Dannevirke soils grade
upwards into the Takapari hill soils with increasing elevation.
The average soil depth of the TpH soils is equivalent to the DH soils
i.e. 70cm. However, root distribution is impeded by the imperfectly
drained nature of the B horizon and the underlying iron pan. No roots
penetrate below this iron pan, and as the Bg horizon becomes increasingly more
developed, conditions for root growth become increasingly adverse. On the
convex creep slope at the head of the subcatchment, root abundance decreases
markedly between the Ha (or Ah) and underlying B horizonms. Vegetation on
this soil unit is typically scrubby with only a few large podocarps at
lower elevations. Much of the root growth is lateral rather than vertical.
The TpH soils occur in a zone characterised by deep-seated erosion
scars. Examples of rock and debris slides, debris avalanches and gully
erosion may be seen in Car Park Creek, within this mapping unit. Tt
is likely that soil creep together with creep of underlying colluvial
materials is a dominant process in this zone, responsible for large-scale

terracette features, seen on the landscape in this area (Fig. 7).
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CHAPTER SIX

AN INVESTIGATION OF SOIL PARAMETERS RELATED

TO SOIL GENESIS AND ERODIBILITY

6.1 INTRODUCTION

Soil-water relationships are an important factor in understanding
erosion processes within a catchment (see Chapter 2.5), and a number of
measurements have been made to characterise such relationships in the
present study.

Saturated hydraulic conductivity measurements were made on cores

taken from both surface and subsurface horizons of selected profiles.

Total porosity and macroporosity of the different soil units were

measured. In this study, total porosity is defined as the fraction of
the total volume of a piece of soil that is occupied by air and water,
(Gradwell, 1971). Macroporosity, the amount of large pores (New Zealand
Soil Bureau, 1968), is defined as the fraction of soil volume drained by

a matric potential * of -49mb (-50cm) of water (Gradwell, 1968).

* The term '"matric potential' is used throughout the text to describe
the soil water energy status. It is defined as '"the amount of work
that must be done per unit quantity of pure water in order to transport
reversibily and isother mally an infinitesimal quantity of water from a
pool containing a solution identical in composition to the soil water at
the elevation and the external gas pressure of the point under consid-
eration to the soil water" (Commission, 1, I.S.S.S., 1963). The matric
potential is commonly measured by applying a suction to the soil, and
relating the suction force to moisture content. For an unsaturated soil,
the matric potential is a negative quantity, as water from the reference
pool would flow readily into the soil, with a release of energy. Below
a free water table (i.e. when the soil becomes saturated), the matric
potential becomes zero.
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The term macroporosity is synonymous with ''aeration porosity" as used
by, for example, Townsend (1973) and Kohnke (1968), and refers to pores
greater than 0.06mm in diameter (Townsend, 1973). Macroporosity is an
important factor affecting rainfall acceptance and transient storage of
water within a soil, as discussed by Periera, (1955). It is likely to
be related to the ultimate infiltration capacity of a soil with the
topsoil macroporosity being a particularly variable property at any one
site (New Zealand Soil Bureau, 1968).

Loss on ignition (approximate organic matter content) and bulk density

data were also obtained. It is considered that these factors are

related to structural stability, aeration and water movement within a

soil, as discussed by, for example, Meeuwig (1971) and Gradwell and Arlidge
(1971). Meeuwig (1971) found organic matter to be the most important

soil parameter affecting erodibility in high elevation rangeland in U.S.A.;
and Gradwell and Arlidge (1971) found that signs of progressive deterioration
of soil structure, where soils had been used for market gardening over a
period of twenty or more years, were related to decreases in organic carbon
content. The latter workers also discuss the soil dry bulk density, and

its indirect relationship with root growth and aeration.

Estimates of available water-holding capacity, (AWC) were made. This

is defined as the amount of water held by a soil between Field Capacity and
Permanent Wilting Point. Field capacity is approximated by an estimate

of soil water content after initial rapid drainage, and lies in the range
=49mb to ~-350mb (Russell, 1973). In this study it was taken to be the
water content at -49mb. Permanent Wilting Point is approximated as the
soil water content at a matric potential of -15 bars, below which water
becomes unavailable for plant use.

The 15-bar water retentions of (i) field moist soils and (ii) soils,

air-dried as a pretreatment, were measured and the decrease in value of

(ii) compared with (i) was noted. The magnitude of this decrease in



107.

15-bar soil water retention, between soils, previously undried and

previously air-dried (hereafter referred to as the 'drying effect') is

considered to be a measure of amorphous clay content, (G. Smith, 1978).
The importance of soil water retention values to erosion studies
has been discussed by workers such as Jackson (1966) and Ward (1975).
When soil is saturated, a positive soil-water pressure develops, the
shear strength of the soil is reduced, and in turn, the likelihood of soil
movement downslope is increased. Consequently a soil, in which the
soil-water characteristics promote its tendency to become saturated,
under the prevailing environmental conditions (e.g. low macroporosity, low
hydraulic conductivity and small A.W.C.) has a greater susceptibility to
erosion than one in which saturation is not likely (e.g. high hydraulic
conductivity, large macroporosity, large A.W.C.).

The sand and clay mineralogies of selected soils were also investigated.

These provide information about the nature and provenance of soil parent
materials, and also indicate the amount of weathering that has occurred

in the respective soil profiles, (Chapter 2.5).

6.2 SOIL PHYSICAL PROPERTIES

6.2.1 Materials and Methods

Soil samples were collected from: 1) modal profiles of the soil
mapping units, and 2) a number of other selected sites for investigation.
Undisturbed cores and clods were collected in the field for hydraulic
conductivity, bulk density and porosity measurements. Field moist, finely
aggregated soil was used to estimate 15-bar water retention values. Bulk
soil samples, collected in the field, were used for particle density,

pH and loss on ignition analyses.
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6.2.1.1 Particle Density, (P.D.)

The method described by Gradwell (1971) was used. It was
considered that some of the samples may have an allophanic component.
It has been found that P.D's calculated for oven-dried allophanic soils
are smaller than those calculated on the moist sample. Thus, moist soils
were used in this study, and the dry weight of soil was not obtained
until after the other relevant measurements were made.

6.2.1.2 Bulk Density, (B.D.)

Bulk density of samples was measured, using 2 techniques. Triplicate
measurements were made for each soil horizon of each modal soil site.
Method 1 The dry B.D. of soils was estimated, using the procedure of
Gradwell (1971). Thin-walled metal cylinders, of internal dimensions
50mm long by 48mm wide, were used to collect intact cores from the field.
The area rat:io"c of these cores was 0.14.

The soil cores were dried in a ventilated oven at 1050C, for 24 hours,

before being weighed. Then:

dry weight of soil (k%l
volume of cylinder (m23)

dry bulk density =
Method 2 1In the case of weakly structured, stony soils, difficulties were
encountered in taking intact cores, as described above. Invariably,
stones were pushed by the corer into or away from the soil cores, causing

considerable disturbance of the soil structure. In these cases an

alternative method for calculation of B.D. was used.

*Loveday, 1974, discusses soil sampling techniques for physical measurements;
and considers that an important characteristic of a core sampler is its area
ratio:

Mies rarle. & 2262 of the annulus of displaced soil
" " " sample at the cutting edge.

It is considered that for minimum, or negligible disturbance of the
structure in the sample, the sampler should have as low an area ratio as
possible, certainly no greater than 0.15.
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Although, this method is generally considered less preferable than

Method 1 (Loveday, 1974) it was considered that in the existing situation
it would provide more accurate results. This method was also used for
comparison with results obtained by Method 1.

Intact clods of soil were collected in the field for porosity
measurements as described below. Particle densities were also measured
for these soils. Thus, B.D. was estimated for clods wusing the formula:

B.D. = (1- porosity) X particle density (kg.m—3).

6.2.1.3 Total Porosity and Macroporosity

Porosity measurements were made, using the procedure detailed in
Methods of Soil Analysis, Part 1 (American Society of Agronomy, 1965).
The apparatus consists of a burette connected by means of plastic tubing
to a Buchner funnel, the burette and funnel forming the two arms of a
U-tube. The porous plate of the Buchner funnel consists of sintered glass
which can withstand a pressure difference of about 100mb, without air entry.
Samples were undisturbed clods of soil, collected in the field, and
sealed in a plastic bag to retain their moisture. The samples were of
a large enough size to approximate the field conditions of porosity; but
small enough to fit into the Buchner funnel without touching the sides.
To ensure good contact between the sintered glass plate and soil clod, loose
soil particles were sprinkled onto the plate, before placement of the clod.
A petri dish was placed over the top of the Buchner funnel, and a plug
of cotton wool in the top of the burette to minimise loss of water by
evaporation.
Total porosity was calculated by measuring the amount of water held by
the soil at saturation, i.e. zero pressure potential. In practice the
soil was considered to be still saturated at =3mb (-30wm) matric potential,

so that there was no free water standing above the sintered glass plate.
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All measurements were calculated as the difference in height between the
meniscus in the burette, and the centre of the clod.

The amounts of water, which drained out of the sample at matric
potentials of -20mb (-200mb) and -49mb (-500mm) were also noted. In
most cases, the soils were left for several hours to equilibrate at a
certain water potential. Soil samples were not allowed to dry out before
placement on the plate, so that equilibration could be reached relatively
quickly.

Total porosity was calculated using the formula:

t.+ v
£ vs

and macroporosity was calculated using the formula:

mf = v
m

t. + v
f s

il

where £ total porosity

mf = macroporosity

tf = total volume of water in clod, at saturation,
vS = volume of soil solids
v = volume of water held between saturation and

-49mb matric potential in clod.
Between 3 and 10 replicates were used for each soil horizon.

6.2.1.4 Saturated Hydraulic Conductivity ( Ksat)

A method developed by Corker (1977) was adopted for the measurement
of Ksat of three soil profiles in the laboratory. Cores (four replicates)
were taken from two depths in two localities for the Takapari hill soils.
Cores (four replicates) were taken from three depths at one locality for
the Dannevirke taxadjunct soil.

Soil cores, 75mm long and 75mm wide, were obtained using standard
soil core sampling equipment (Richards, 1954). The cores were carried back

to the laboratory, and processed the next day. This involved gently pushing
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the core out of its aluminium liner and coating it, by painting on hot,
melted paraffin wax. This method prevents any seepage down the sides
of the soil core whilst measurements are being made. The liner was
attached by wax to the top of the soil core to ‘hold a constant head of
water. A funnel was attached to the base of the soil core to direct the
effluent into a measuring cylinder. Across the top of the funnel a layer
of tissue paper and fine mesh netting was waxed to the base of the soil
core to prevent soil aggregates and loose particles from breaking off.

The processed core was clamped into position and a constant head of water
applied to its surface. Any leaks in the wax coating were detected at
this time, and coated over with some additional layers of melted wax.

The rate of movement of water through the core was estimated by
collecting the effluent in a measuring cylinder over a certain time period.
Hydraulic conductivity was then calcuvlated using Darcy's Law (see e.g.
Marshall, 1967):

-1
Ksat = Q ( S mm.day

flow rate (mm3.day-1)

where Q =
A = surface area of soil core (mmz)
1 = length of soil core (mm)
h = head of water above soil core (mm).

Measurements were made as soon as possible after the soil was
sampled because it was considered that with time, microbial activity might
change the channel system within the core altering the value for Ksat.
Also, water was added to the surface of the soil core through a paper
tissue, minimising compaction effects at the surface, which might decrease

infiltration rates.
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6.2.1.5 15 bar Water Retention (Permanent Wilting

Point, P.W.P.)

The 15 bar water retention of soils was measured on:

(1) wundried samples, in order to estimate the available water-holding

capacity (A.W.C.) of soils (in conjunction with estimates of field
capacity, F.C.), where

1 3

A.W.C. (vol. vol. ~ %) =(F.C. - P.W.P)X dry bulk density (km.m 7).
In the present study, it was considered that gravimetric soil water content,
at a matric potential of -49mb is an approximate measure of field capacity;
and gravimetric soil water content at a matric potential of -15 bars

is an approximate measure of permanent wilting point.

(2) wundried and air-dried (overnight, at AOOC) samples, in order to estimate

the "drying effect''(i.e. the decrease in 15 bar water retention of an air-

dried soil, compared with values given by an undried soil, being calculated
as a percentage of the original undried values) which is used as a crude
measure of amount of amorphous material present. This is necessarily a
rough estimate, the amorphous material existing in many different forms and
hydration states in the soil. Thus the "drying effect'" will depend on the
initial hydration state of the amorphous material.

A pressure plate apparatus, as described by Gradwell (1971) was used
to determine the water content of soil samples, equilibrated at a pressure
of 15 bars, for one week. Soil samples, which consisted of fine aggregates
with some loose material, were lightly packed into rubber rings, 10mm long
and 52mm wide, and placed on a ceramic plate. These were thoroughly wetted,
and left for a few hours (undried samples) or overnight (dried samples)
to ensure that the whole soil was saturated before a pressure of 15 bars
was applied. The 15 bar water retention is then calculated as the
gravimetric water content of soils, which attained an equilibration water

content under a pressure of 15 bars, after one week.
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weight of water %
weight of dry soil 1

15 bar water retention =

6.2.1.6 Loss of Weight on Ignition

Over-dry soil samples (IOSOC) were ignited for 0.5 hour at 7OOOC in
a muffle furnace, to give an approximate figure for organic matter content,
(Bear, 1969). A number of test runs, in which samples were heated for 0.5
1.0, 2.0, 4.0 and 6.0 hours, indicated that there was no further loss of
weight after the first 0.5 hour. This time was thus considered adequate
to give complete combustion of the sample at this temperature. This
method only gives an approximate estimate of organic matter because during
ignition some structural water is also lost from the clay fraction, so that
the loss of weight value may be an overestimate for organic matter. However,
the accuracy of this method was considered adequate because organic matter
data was required primarily for comparative rather than absolute values.

6.2.1.7 Soil pH in (a) Water and (b) Sodium Flouride, (NaF)

(1) The pH of soil samples was measured in a 1:2.5 soil:water suspension.
The suspension was left overnight, and the pH was then read with electrodes
in the supernatant liquid, (N.Z. Soil Bureau, 1968).

(2) To investigate amorphous material content, the pH of a suspension of
1.0g of soil in 50ml of IN NaF was recorded after two minutes (using the
method of Soil Taxonomy, Soil Survey Staff, USDA, 1975). If amorphous
materials are present the fluoride ions replace hydroxyl ions from the
colloidal surface with a resultant increase in pH value. For the exchange
complex to be dominated by amorphous materials (if there is sufficient clay
to have a 15 bar water content, of previously dried soil, of =>20%), the

pH (in NaF) is required to be greater than 9.4 (Soil Taxonomy, 1975).

* the soil is dried overnight, at a temperature of 105-110°C.
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6.2.2 Results and Discussion

6.2.2.1 Particle Density (P.D.) and Bulk

Density (B.D.)

Results for particle density (P.D.) and bulk density (B.D.) are
given in Table 7. Fig. 34 displays the results for B.D. graphically.
The P.D.'s of soils in the study area are influenced by three factors:
amounts of tephric material, amounts of non-tephric material and amounts
of organic matter. (The P.D. of dominant soil minerals, such as quartz
and feldspar is near 2650kg.m-3, and the density of organic matter is

3). Table 7 shows that surface

usually between 1300kg.m“3 and 1500kg.m
horizons have the lowest values for P.D.; the Takapari peaty loam (Tp)
and topsoil of the Takapari hill soils (TpH) having particularly low values
due to their peaty nature.

The B.D. of a soil gives some indication of its structural condition.
Low B.D.'s usually indicate an open structure and therefore a large capacity
for water storage. Heinonen (1954, cited in Marshall, 1967) found that,
in clay soils, available water-holding capacity varies inversely with B.D..
He attributed this to more open granular aggregates in soils of lower B.D.
(see also Fig. 38). The structural randomness of amorphous clay constituents
in the soils helps to create a loosely packed soil structure, with resultant
friable consistency.

B.D. values are particularly low in the Ha and Ah horizons of Tp and
TpH respectively, and are highest in the Ruahine steepland soils (RuMS,
RuS, RuVS). TpH shows a large change in B.D. with depth. It is
possible that extremely low values for B.D. in Tp reflect the presence of
amoyphous clays as well as a large amount of organic matter present in the
soil.

The Dannevirke soils (D tax., DH) have low B.D.'s, which are attributed
to their large amorphous clay component. The Ah horizon within TpH has

a slightly lower B.D. value than the Dannevirke soils, due to a greater
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TABLE .7: BULK DENSITY AND PARTICLE DENSTTY VALUES FOR SELECTED SOIL PROFILES OF
THE STUDY AREA

SOIL SOIL HORIZON BULK DENSITY PARTICLE

NAME SYMBOL SAMPLED CLODS CORES DENSITY
1
Takapari km/m>

peaty loam Tp Hal 190 190 1790
Ha2 460 480 2240
Takapari hill TpH Ah 460 - 2030
soils Bg 760 2470
Cw 1110 2540
mod. steep RuMS Ah 1180 - 2560
i - steep Bwl 1270 2650
g phase Bw2 1420 2650
ﬁ-g steep RuS Ah 1170 - 2620
a9 phase Bw 1190 2650
29 [very steep  RuVS  Ah 750 750 2430
2 9 phase Bw 830 830 2590
Dannevirke silt Ah 500 470 2210
loam taxadjunct D AB 580 540 2290
Bw 730 630 2630
G 1160 - 2650
Dannevirke DH Ah 710 700 2350
hill soils Bw 820 760 2650

FIGURE 34: A HISTOGRAM TO SHOW THE BULK DENSITY VALUES FOR EACH SOIL CLASS
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organic matter content. The lower horizons within TpH have markedly
increased B.D. values due to lower organic matter contents. Bg is still
probably dominated by amorphous clay components having a bulk density of
less than 850kg/m3; however, the underlying C horizon has a B.D. of 1110kg/m3.

The Ruahine steepland soils have higher B.D. values. Due to their
occurrence on unstable sites. accumulation of low B.D. materials e.g. loess
(with tephric components, weathering to amorphous clays) or organic matter,
is minimal, and these soils are dominated by the accumulation of greywacke
materials in a weakly structured soil.

The RuVS soil selected has a relatively well developed profile, with
a thin Bw horizon. It is considered that it formed in a relatively stable
pocket, on very steep terrain, surrounded by less well developed soils.

Its B.D. values indicate that some tephric loess may have accumulated at
this point, and this is confirmed by sand mineralogical evidence.

6.2.2.2 Total Porosity and Macroporosity

Total porosity and macroporosity data for the selected soil samples
is shown in Fig. 35. This indicates that the range of values for many
samples was considerable (between + 0.015 and + 0.3 for total porosity
data, and +0.1 to + 0.8 for macroporosity data). Thus, within any soil
horizon total porosities (and macroporosities to a greater extent) will vary
considerably over short distances. However, a certain number of broad trends
in the results are evident, which are discussed below. Also, results
are given for a Bw horizon, in which native earthworm activity had produced
krotovinas,* approximately 15mm in diameter.

Total porosity values show a general decrease with depth in most soil

profiles. Since organic matter tends to improve soil structure, and hence

increase total porosity, as mineral grains are less tightly packed, this

* Krotovina: an infilled tunnel in a soil horizon generally filled
with material from another horizon.



FIGURE 35: TOTAL POROSITY AND MACROPOROSITY OF

SELECTED SOIL SAMPLES.
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trend may be related to a decrease in organic matter content with depth.
Macroporosity values show this trend to a lesser extent, in the majority
of profiles, suggesting that macropores are not as simply related to organic
matter values. It is probable that macroporosity is also affected by
the presence of roots, stones, earthworm channels and possibly inorganic
amorphous materials. Macroporosity is seen to remain relatively constant
with depth in the Dannevirke taxadjunct soil, probably due to the exchange
complex being dominated by amorphous material.

The presence of Ah horizon material, as a krotovina, in the

selected Bw horizon sample, gave a "high' porosity value (using the rating

system of N.Z. Soil Bureau, 1968). It also gave a particularly large
value for macroporosity at 22.6%. It is highly probably that preferential
movement of air and water would occur in krotovinas. Such krotovinas were

of common occurrence in the study area.

The Takapari hill soil (TpH) profile is of particular interest. The
percentage of macropores decreases in the Bg (or Br) horizon, and then
increases in the Cw(or Bw) horizon. The value for the Bg horizon is infact
the lowest value for macroporosity in all soils tested. This suggests that
drainage in the Bg horizon is poor, and that the Cw horizon is relatively
well drained. This is substantiated by the soil morphology which shows
considerable gleying in the Bg horizon, occurring above a freely-drained
lower horizon.

RuMS and RuS, two soil phases of the Ruahine steepland soils, have
the lowest values of total porosity, having "low-medium' ratings.

However, they have "high" values for macroporosity. This suggests that
such soils will drain relatively rapidly and have a relatively low storage
capacity. This effect was also noticed by McDonald (1961) when discussing
some physical properties of New Zealand soils from greywacke parent material.

The soil profile from the third phase, RuVS, has a larger total porosity,
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suggesting a greater content of organic matter and improved structural
development, compared with RuS and RuMS soils. This evidence further
substantiates the suggestion that the atypical nature of the selected
RuVS soil is due to its formation in a relatively stable pocket.

6.2.2.3 Saturated Hydraulic Conductivity (Ksat)

The hydraulic conductivity values for three soil profiles are shown
in Table 8 and Fig. 36. Ksat values for the Takapari hill soils (TpH)
are of particular interest in the present study, since they occur in a zone
susceptible to soil creep and mass movement. The Dannevirke taxadjunct soil
profile (D tax) was sampled for comparison. The D tax soils occur on
ridge-sites at lower elevations in the catchment, and are well-drained.

The TpH soils occur at higher elevations on ridge-sites and convex creep
slopes and are poorly to very poorly drained.

Ruahine steepland soils were not tested. It was considered that
sampling of these stony to extremely stony soils on steep to very steep
terrain was impracticable for the purposes of the present study. Their
morphology indicates that they are rapidly draining, as does the macroporosity
data.

Ksat values for the surface horizons of TpH and D tax soils (sampled
at a depth of 0-75mm) were very rapid in the majority of cores tested, and

of the order of 103—104mm.day_1.

This data gives an indication of the
infiltration rate into the surface soil. The Ksat values for the surface
horizons far exceed the 24-hour one-year event rainstorm intensity of
60mm.day—1, calculated for the West Tamaki River catchment, (Martin, pers. comm).
Thus, it is probable that the infiltration capacity of the surface soil
would seldom be a limiting factor to water intake, and the likelihood of
surface runoff is small.

In comparison with the D tax soil (see Fig.36), the TpH soils show

a marked decrease in Ksat in the Bg (or Br) horizon compared with the upper

horizons, some of the cores having extremely low values (0O.lmm. day_l).
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TABLE 8: SATURATED HYDRAULIC CONDUCTIVITY DATA FOR SELECTED SOILS
SOIL SOIL DRAINAGE HORIZON Ksat (mm day"l) PERMEABILITY
NAME SYMBOL CHARACTERISTICS SAMPLED RANGE OF AVERAGE RATING
VALUES (Smith & Brown-
ing, 1946)
Takapari TpH poorly Ah  7139-92534 39654 v. rapid
MDE TN dmsige BE 10- 738 386 sibwerupla
Takapari TpH very poorly Ha 170-11669 3191 mod.-v. rapid
e e Br 0.1- 408 102 extrmly slow-
moderate
Dannevirke D tax freely Ah  9677-26470 15356 v. rapid
taxadjunct drained
AB 10368-18851 13671 v. rapid
Bw 1152-7416 4594 rapid-v rapid

FIGURE 36:

SAT. HYDRAULIC CONDUCTIVITY (mm/day)
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This suggests that water movement through this B horizon is considerably
impeded and a perched water-table may develop at its upper boundary.
Thus, water infiltrating rapidly through the surface horizon will be
impeded to a large extent on encountering the underlying Bg (or Br)
horizon. This, together with the steepness of slope, suggests that
interflow is likely to occur within the TpH soils and may be an important
soil process governing the likelihood of slope failure in these soils.

The very poorly drained TpH soil has lower Ksat values than the poorly
drained TpH soil. The Br horizon of the former soil has extremely slow to
moderate permeability, compared with slow to rapid permeability of the
Bg horizon of the poorly drained soil (using the rating system of Smith
and Browning, 1946). Thus, Ksat appears to be one factor explaining the
slightly different morphologies of these two soils.

Within several of the subsurface cores of the D tax soils, krotovinas
were present. In all cases these gave the highest Ksat values measured
in the survey indicating that water movement through these porous infilled
tunnels imparts more freely draining characteristics to the soil. The
Ksat values for the AB and Bw horizons of the D tax soil are considerably
larger than for the B horizons of the TpH profiles. It is concluded that
the different soil morphologies of the D tax and TpH soils is a reflection
of different drainage characteristics between the soils, expressed by the

Ksat values measured.

6.2.2.4 Soil Water Retention and Available

Water-holding Capacity (A.W.C.)

Water retention values for selected soils are given in Table 9, and
illustrated in Fig. 3 7. The A.W.C. has been calculated as the difference
between the volumetric water content, at a matric potential of -49mb (=

Field Capacity, F.C.) and -15 bars (= Permanent Wilting Point, P.W.P.).



TABLE 9:

SOIL WATER RETENTION VALUES

AND AVAILABLE-WATER CAPACITY (A.W.C.) OF SELECTED SOIL SAMPLES

VOLUMETRIC WATER CONTENT (7% soil volume) A.W.C.
at
SOIL SOIL HORIZON SATURATION FIELD CAPACITY WILTING POINT (FIELD CAPACITY - TOPSOIL RATINGS
NAME SYMBOL (Omb) (-49mb) (=15 bars) WILTING POINT) FOR A.W.C.
(total (macro- ( McDonald, 1961)
porosity) porosity) (Z soil wvolume)

Takapari Hal 89 71 28 43 high
peaty loam Tp Ha2 80 76 35 41
Takapari TpH Ah (Ha) 76 68 34 34 high
hill soils Bg (Br) 67 58 42 16

Cw (Bw) 56 45 38 7
9 mod. steep- RuMS Ah 51 39 24 15 medium
] steep Bwl 54 27 19 8
e [phase Bw2 45 20 14 6
U o
49—
®disteep RuS Ah 61 312 17 15 medium
g ulphase Bw 44 28 17 11
-~
§ very steep RuVS Ah 69 63 17 46 high
® |phase Bw 67 54 25 29
Dannevirke D Ah 77 68 35 33 high
silt loam AB 73 63 - -
taxadjunct Bw 72 61 39 22

C 58 51 372 19
Dannevirke DH Ah 71 60 33 27 high
hill soils Bw 69 59 35 24

TCor
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FIGURE 37: WATER RETENTION CHARACTERISTICS
OF SELECTED SOIL PROFILES.

SOIL VOLUME (%)
D20 0_6h 80 10

PROFILE
DEPTH (mm)

SOIL VOLUME (%) 2H
0 20 4 60 80 100 0 20 4L 60 80 100 0 20 & 6 8 100
z 0

PROFILE DEPTH (mm)

SOIL VOLUME (%)
0 20 40 60 80 X0 0 20 40

80 100

PROFILE DEPTH (mm)

KEY
L Ef a = freely draining porosity (0 to-50mb)
?:; b = A.W.C. (-50mb to -15bars)
¢ = water unavailable to plants ( »-15bars)
d = total porosity

Water Content at:
W = Wilting Poimt (-15bars)

F Field Capacity (-50mb)
Saturation (Omb)

\AALDNAAA

XA

It

< C“bxd’ S



124.

Table 9 shows that all topsoils, except those of RuMS and RuS, have a

high A.W.C., being greater than 227 (using the rating system of McDonald,
1961; N.Z. Soil Bureau, 1968). Values for the organic soil, Tp, are
particularly high due to a very large organic matter content and low bulk
density. The Ruahine steepland soil, moderately steep phase, RuMS, has
the lowest value for A.W.C. This soil also has lowest values for organic
matter and highest values for bulk density. There is an obvious relation-
ship between A.W.C., bulk density and organic matter. Regression lines
between these parameters are shown in Fig. 38 and 39. They show a negative
correlation between A.W.C. and bulk density (Fig. 38), and a positive
correlation between A.W.C. and organic matter (Fig. 39), significant at the

1% level.

The A.W.C. is the maximum amount of water that is available to plants.
In most cases, the soil is below F.C., and less water will be available.
Thus, it appears that RuS and RuMS (see Fig. 37) are the soils most likely
to induce droughtiness during a dry spell, their ability to store water
being considerably smaller than the other scils. This will in turn adversely
affect plant growth, and thus decrease the stability contributed by the root
system to the solum.

Fig. 37 illustrates the amount of water that is unavailable to plants
held at matric potentials greater than -15 bars. It constitutes more than
twenty percent of the total soil volume in all horizons of the TpH and
DH soils. The same holds for the D tax soil except for the Bw horizon.

It seems likely that this water is largely associated with the organic matter
and amorphous clay fraction.

A.W.C., together with Ksat rates, indicate the rate with which a soil
will approach saturation, a soil property previously discussed as an important
factor in soil erosion studies. Thus, a soil with a small A.W.C. and low
Ksat is slowly drained and most likely to become saturated. The RuMS

and RuS soils have the smallest values for A.W.C. However, macroporosity
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values indicate that they are rapidly drained, so that saturation of these
soils may not occur. However, their small storage capacity suggests that
they will wet up to field capacity relatively quickly in the autumn months.
In the case of TpH, the surface horizon has a large A.W.C. with a
markedly decreased value in the Bg horizon. This information together with
macroporosity and Ksat values substantiate the argument that 1) drainage
is impeded in the B horizon, relative to the A horizon, and 2) a perched
water table may develop at the junction of these two horizons, and in
sufficiently wet conditions at the base of the B horizon (where water
movement is impeded) at the iron pan. This perched water table will
develop upwards during a wet period, thus creating a zone of saturation
within the soil, which in turn may result in greater susceptibility to soil
creep or mass movement on a slope.

6.2.2.5 15 bar Soil Water Retention, and

the Effect of Drying

The effect of air drying (400C, for 24 hours) as a pretreatment on
the ability of soils to retain water at a matric potential of -15 bars,
i.e. the "drying effect'", was investigated. A provisional suggestion
has been made by G. Smith (1978) that the percentage decrease in 15 bar
water retention between undried and dried soil samples is a crude estimate
of the amount of amorphous clay present.

Results obtained are summarised in Table 10. They indicate a
relatively large "drying effect" in Tp, TpH and D tax soils, with the smallest
effect noted in the RuS soil. These values for percentage decrease of
undried 15 bar water retention, ranging between 13% and 65%, may be compared
with values obtained for some yellow-brown loam soils from Taranaki, which
gave values between 667 and 83%, (G. Smith, 1978).

The relationship of soil water retention values, and thus A.W.C., to

organic matter has been previously shown (Fig. 39). The relatively



TABLE 10: THE EFFECT OF DRYING ON 15 BAR WATER RETENTION VALUES OF SELECTED SOIL SAMPLES
SOIL SOIL 15 BAR WATER RETENTION "DRYING
NAME SYMBOL HORIZON (gravimetric water content, minus stones) A EFFECT"
undried dried (see p.7)
Takapari Tp Hal 148.58 70.48 78.1 52
peaty loam Ha2 75.52 39.71 35.81 47
Takapari TpH Ah Te2enl2 48.10 24.62 34
hill soils Bg 55.77 34.39 21.38 38
Cw 73.96 28.98 44 .98 61
2 | mod. steep- RuMS Ah 35.15 28.04 7.11 20
& || siteep Bwl 25.89 18.37 52 29
& | phase Bw2 22.33 13.74 8.59 38
ok
vl steep RuS Ah 28.16 22 741 5.45 19
g 9| phase Bw 16.42 14.33 2.09 13
o
=
Y | very steep RuVS Ah 44 .01 28.00 16.60 37
~ | phase Bw 39.34 25.59 13.90 35
Dannevirke D tax Ah 72.34 39.76 32.58 45
taxadjunct Bw 58.28 20.10 38.18 65
soil (¢ 27.84 15.96 11.88 43
Dannevirke DH Ah 55.08 34.85 20.23 37
hill soil Bw 47.98 24.25 23.73 49

LTl
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high "drying effect" values for Tp (Table 10) indicate that:

1) organic matter may have some part to play together with amorphous
clays in the "drying effect'", or

2) these soils contain the greatest amounts of inorgan}c amorphous
constituents.
Fig. 40 shows the relationship between the 'drying effect' and

organic matter values for all the selected soil samples. Correlation

between these two factors, for Ah and Ha horizons, is 0.84, which is

significant at the 2% level. The regression line for this set of data is
shown in Fig. 40. The correlation between the ''drying effect" and organic
matter in the B and C horizons is not significant. The data therefore

indicate that organic matter has a significant influence on the "drying
effect" in Ah and Ha horizons. However, in the underlying B and C horizons,
where organic matter levels are lower, the amorphous clays seem to have
an overriding influence on the 'drying effect'", suggesting that this
measure for amorphous material is best suited to subsurface horizons which
have relatively low organic matter contents. It is also possible that these
two factors are interrelated, so that the "drying effect" of the amorphous
clays is influenced by the amount of organic matter in the soil.

The particularly large effect of drying in the Cw horizon of TpH,
and the Bw horizon of D tax indicate that these subsurface horizons contain
a significant amount of amorphous clays. The '"drying effect" values for
Ruahine steepland soils are seen to be minor in the RuS soil, and greatest
(on average) in the RuVS soil. In the RuMS soil, the values are seen to
increase with depth, which may be partially explained by a difference in the
initial hydration status of the clays. Thus, it is possible that the degree
of hydration of the soil clays is comparatively low in the surface horizon,
due to air-drying effects after a long dry summer, together with a possible
desiccating effect of winds. The "drying effect" is expected to be less

for soil clays with an initial low hydration status, compared with those
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® A andH horizons, r=0-84, significant at 2%.

"DRYING EFFECT" - for definition see 6.1.
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having a higher hydration status.

6.2.2.6 Loss of Weight on Ignition

Organic matter levels are closely related to physical characteristics
of the selected soil samples, and are approximated by loss of ignition data,
shown in Table 11. The Ruahine steepland soils, which are characteristically
weakly structured, are seen to have the lowest loss on ignition values.

Soils on stable sites contain the greatest amounts of organic matter,
as accumulation is greatest there. Thus the Tp soil of the summit plateau
has developed into a peat under adverse conditions for rapid decomposition.
Accumulation of up to approximately 507 organic matter has occurred in the
upperpart of the profile. TpH and DH contain less organic matter than their
counterparts Tp and D tax (which occur on more stable sites) as reflected
in the loss on ignition values.

6.2.2.7 pH Values in (1) Water and (2) Sodium Fluoride

(1) The pH (in water) values indicate that relatively acidic conditions
occur in soils, at higher elevations (i.e. Tp, TpH), in which the pH is

seen to vary between 4.1 and 4.9, with a slight increase with depth. These
low values are adverse to active microbial activity, and together with
relatively low mean annual soil temperatures (<80C), help to explain slow
decomposition rates in these soils. The D tax and DH soils have slightly
higher pH's, between 5.2 and 5.7. In these soils there is less accumulation
of organic materials on the surface, and it seems probable that they maintain
an active microbial population, aiding the breakdown and admixing of organic
materials. The Ruahine steepland soils show a comparatively wide range

of pH values. A general trend exists for the pH of all the soils in the
study area to decrease with increasing age and weathering, (Table 12).

(2) the pH (in NaF) of soils has been used as a measure of amorphous material
content (Soil Survey Staff, USDA, 1975), with the requirement that the water

retention of the previously dried soil is greater than twenty percent at
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TABLE 11: LOSS OF WEIGHT ON IGNITION DATA FOR SELECTED SOIL SAMPLES
SOIL SOIL LOSS OF WEIGHT ON
NAME SYMBOL HORLZ IGNITION (7% of dry soil)

Takapari Hal 497

peaty loam Tp Ha2 32%

Takapari Ah (Ha) 20% (51%)

hill soils TpH Beg (Br) 15% (15%)

Cw 17%
mod. steep o 15%
Ruahine |, SteeP RutS Bul 8%
pHace Bw2 5%
steepland Ea—
steep RuVS gg }g;

soils gitase )

. Ah 217

22222"31;1;: D tax Bw 122

] G 5%

Dannevirke DH Ah 177%

hill soils Bw 12%
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TABLE 12 pH VALUES IN (1) WATER, and (2) SODIUM FLUORIDE
SOIL SOIL HORIZON pH in water pH in Sodium
NAME SYMBOL (1:2.5) Fluoride (NaF)
(1:50)
Takapari peaty Tp Hal 4.5 7.4
loam Ha2 4.6 8.3
Takapari hill TpH Ah 4.1 7.4
soil Bg 4.6 780
Cw 4.9 9.8
mod. steep-  RuMS Ah 6.2 7.5 *
Ruahine steep Bwl 5.7 7.5 *
phase Bw2 6.0 7.5 *
steepland
steep RuS Ah 5.5 7.5 *
. phase Bw SHY, e "%
soils
very steep RuVSs Ah 5.4 7.5 *
phase Bw 4.8 8.3
Dannevirke D tax Ah 5.2 7.5 *
taxadjunct Bw 5.5 10.7 **
C 5.4 10.4 **
Dannevirke hill DH Ah 5.7 7.7
soil Bw S 10.4

* water retention at -15 bars, for previously dried soil is <20%,
thus precluding these results from use for Soil Taxonomy
classification uses.

*% pH in NaF is >9.4, and therefore amorphous material dominates the
exchange complex (Soil Survey Staff, USDA, 1975).
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-15 bars tension. Thus it excludes certain horizons of the Ruahine
steepland soils. The results show that the D tax and DH soils have B and
C, and B horizons respectively in which the exchange complex is largely
composed of amorphous materials. The presence of amorphous materials in
the Bw horizon of RuVS, which is suggested by pH (in NaF) values, is
supported by ''drying effect'" and bulk density data. Relatively high pH
(in NaF) values are also noted in subsurface horizons of Tp and TpH. The
high organic matter contents of the surface horizons may be obscuring the
presence of amorphous materials to this test, an observation also made by

G. Smith (1978) in West Indian and South American soils, (Table 12).

SECTION THREE : SOIL MINERALOGY

6.3.1 Sand Mineralogy

6.3.1.1 Materials and Methods

A small portion of the sand fraction (63-125um) was extracted from
selected soil samples (which had been previously air-dried, and passed
through a 2mm sieve) in the following manner. Approximately 20g of this
<2mm soil fraction was placed in a beaker, to which hydrogen peroxide

(6% HZOZ) was added. A more concentrated solution of hydrogen peroxide

(< 30%) was required for soils with a high organic content. The beaker
was slowly heated on a water bath, with further additions of H202, until
quiescence. The reaction was taken to completion on the water bath at 10000

for a few hours, and left overnight to cool slowly. The remaining
<2mm mineral fractions were placed in centrifuge tubes, with distilled water.

A few drops of 1:1 NH, solution was added to disperse the clays, and these

4

fractions were ultra-sonically vibrated for three to four minutes to improve
dispersion.

The <1.0pm clay fraction was then removed, by decantation of a suspension
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obtained by centrifuging the soil suspension at 1000rpm for 8.5 minutes.
The decantates were kept for clay mineralogical studies.

The remaining coarse clay, silt and sand was dried in an evaporating
dish, at 105°C. The 63-125um sand fraction was obtained by dry sieving.
A subsample of this fraction was mounted on a microscope slide in
Lakeside Cement, for investigation, using a petrological microscope.
Point count analysis of each slide was used as a method to estimate per-
centages of minerals present; with a minimum of 300 grains being counted
on each slide.

6.3.1.2 Results and Discussion

Results of point count analyses are indicated in Table 13. They
show that quartz, greywacke rock fragments and rhyolitic glass are the
most frequently occurring grains.

The presence of cummingtonite was also noted in the An horizon of the
Dannevirke taxadjunct (D tax) soil, which indicates one source of the tephric
components to be the Haraharo Rhyolite Complex in the Okataina Volcanic
Centre (Ewart, 1968). The presence of andesitic ash in the form of microlites
of feldspars and mafics held together in a glassy mesostasis was carefully
examined. A few grains were seen to have this appearance in the Takapari
peaty loam (Tp) and D tax soils, and it seems likely that some andesitic
ash is present in these soils. If greater amounts of andesitic ash were
originally present in the soil, they have been largely converted to other
minerals, such as allophane, or possibly weathered to a smaller size fraction.
Contamination of these soils by andesitic tephras is also suggested by the
presence of hornblende (which is common in intermediate igneous rocks, such
as andesite, but rare in greywacke and rhyolite), and also hypersthene
(common in andesitic rocks).

The composition of plagioclase feldspars was investigated, where
possible, using the Michel-Lévy Method (see e.g. Kerr, 1959). Oligoclase

(An 25%) and albite (An 10%) were identified in the Takapari hill soils



TABLE 13:

SAND MINERALOGY OF SELECTED SAND FRACTIONS OF SAMPLES FROM THE STUDY AREA

GREYWACKE FREQUENCY LEVELS
SOIL HORIZON QUARTZ FELDSPAR MICA ROCK FRAG- RHYOLITIC HYPERS- HORN- MAGN- ZIRCON| OF MINERALS IN
MENTS GLASS THENE AUGITE BLENDE ETITE SAND FRACTIONS
% of sand fractiom
very
Dannevirke Ah a S S R R A = >507 abundant
(g ol c c ¢ s - a = 30-50% abundant
C a c S R R R - C = 10-29% Very
(Dtax) common
Dannevirke Ah a (0 S S R R ¢ = 5-97% common
hill soil Bw a ¢ S S R - S = 1-47 scarce
(DH)
Takapari Hal S a c c S S - R = <17 rare
;s:;y Ha2 S a c (] S S R (after: Fieldes &
(Tp) Weatherhead (1966)
Takapari Ah S S S R -
hill
soil Bg ¢ S R
R - S -
(TpH) Cw S
Ruahine Ah 03 (S S S - -
secpland Bw C c S S R S -
soil
(RuVvs)
Ruahine Ah a G S - R -
steepland _ _ _
soil Bw a S S
(RuMS)
colluvial
pocket (0] A 5] S R - S -
beneath
(Tp)

“GET
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(TpH) and Dannevirke hill scils (DH) soils, respectively. These
plagioclase feldspars, rich in potassium, are considered to be abundant
in acid-intermediate rocks such as greywacke and rhyolitic ash, (Fieldes
and Weatherhead, 1966). Sanadine, an alkali feldspar considered to be
characteristic of volcanic rocks such as rhyolites (Kerr, 1959) was noted
in a Ruahine steepland soil sample by its characteristic low relief and
birefringence.

Rhyolitic glass was observed in all samples investigated. It was
abundant (30%-50% of sand fraction) in the Tp soil, in which hypersthene
and augite were also common (5%-9%). This soil has the largest proportion
of tephric components, probably because there is relatively little addition
of greywacke-derived loess and colluvium. At lower elevations, on relatively
gentle slopes, greywacke-derived loess is the main constituent with a smaller
tephra component in the sand fraction. On less stable sites, where soil
creep and mass movement occur, greywacke colluvium is also added to the soil,
"diluting" both the greywacke-derived loess and tephra components. It
may be that the tephra component at all elevations is of similar volcanic origin,
but whereas at high altitudes little "dilution" has occurred due to little
greywacke-derived loess deposition; at lower altitudes, the tephra
component has been inundated by greywacke loess and colluvium.

The Ruahine steepland soil samples contained 70% quartz and feldspar (derived
predominantly from the underlying greywacke bedrock) and greywacke rock
fragments. These soils have the smallest proportions of tephra minerals.

The D tax soils contain common to abundant amounts of rhyolitic glass,
together with between 4% and 117 mafic grains (augite, hypersthene and horn-
blende). Fieldes and Weatherhead (1966) described the sand mineralogy of
a Dannevirke silt loam, from Eketahuna, which contains more quartz and less
glass. It seems likely that during Post-glacial times (Aranuian Stage)
less greywacke loess has been deposited in the mountainland, compared with

the terraced floodplains of the rivers, traversing the lowlands, which are
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the major source of Post-glacial loess.

A small pocket of colluvial material exposed in a recent cutting

on the summit plateau was also investigated for principle sand mineral

fractions. The colluvial pocket occurs between the greywacke bedrock
and the base of Tp. It was found to contain predominantly greywacke rock
fragments. However 2% to 3% of the sand fraction is hypersthene and

augite suggesting that andesitic ash may once have been present, but has
subsequently been weathered away. The presence of 27 magnetite, whicﬁ is
very resistant to weathering and remains in the soil when other components
have been physically and chemically altered also suggests the former presence
of a greater tephra component. Rhyclitic glass is scarce in this deposit,
in contrast to the overlying soil, where it is abundant. Thus, this
colluvial deposit which predates the overlying soil (about 4600 years old)
and contains markedly less rhyolitic tephra, suggests that: (a) there was
less rhyolitic volcanic activity when this colluvial material was deposited,
or (b) it was deposited, and buried by an overlying deposit, before it could
receive a significant quantity of rhyolitic tephra grains, or (c) the
original tephras have been largely weathered to amorphous materials.

6.3.2 Clay Mineralogy

6.3.2.1 Introduction

The clay mineralogy of soils, from selected sites within Car Park Creek
subcatchment was investigated using 4 techniques:
X~ray diffraction (XRD)
Differential Thermal Analysis (DTA)
Infrared Spectroscopy (IRS)
and Transmission Electron Microscopy (TEM)
XRD techniques are used to identify crystalline phyllosilicate minerals
present in soils, as well as other crystalline minerals such as quartz and
feldspar. Amorphous materials, undetected by XRD, may be investigated using

DTA and IRS. These techniques combine to give a detailed picture of the
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constituents of the soil clay fraction, for comparison of horizons within
a soil profile, and between different soil profiles.

TEM provides additional information about minor constituents, which
may be present in amounts too small to be detected positively by the other
techniques. It also provides positive evidence for the presence of
amorphous materials; and allows a visual assessment of the proportions
of easily identified constituents of the clay fractions.

6.3.2.2 Materials and Methods

The soil clay fraction ( < lym) was separated from the selected soil
samples, as described in 4.2.1. Pretreatment of the clays was kept to
a minimum to ensure minimum alteration of the inorganic components.

(a) X-ray Diffraction, (XRD)

X-ray diffraction patterns were obtained for NH L saturated clay

4
samples by drying a small aliquot of the clay suspension on a glass slide,
and rotating between 4° and 40° of 20 in a Philips X-ray diffraction
apparatus.

The normal procedure for the detection of montmorillonite:Mg2
saturation of the clay, and introduction of a drop of 5% glycerol in ethanol
which expands the basal spacing of the clay to about 17.72, was followed.

To investigate the proportions and structure of vermiculite and
pedogenic chlorite, the clays were then K+ saturated, and sequentially
heated through 3000C, 450°C to 5500C, obtaining an XRD pattern for each
sample, at each stage. This procedure also enabled investigation for the
presence of kaolinite, which is characterised by a basal reflection at
7.188. With K+ saturation, the vermiculite structure collapses to a mica-
like structure; with a basal reflection at about 108. An aluminous
vermiculite, however, will not collapse completely with K+ saturation; but
does collapse when heated to 5500C, for 30 minutes. The amount of collapse

of structure from 148 to 108 at 3000C and ASOOC indicates the amount of

substitution of the exchangeable cations between lattice layers by the
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hydroxy aluminous groups. If interlayering of the vermiculite by hydroxy
aluminium polymers is complete, the mineral is pedogenic chlorite. This
does not collapse when heated to 5500C, and infact the 148 peak is normally
intensified.

Investigation of the 148 and 7R peaks after the three stages of seq-
uential heating also showed the relative contribution, if any, of kaolinite
to the 78 peak.

(b) Differential Thermal Analysis, (DTA)

The D.T.A. method depends on the detection of heat given out or
absorbed by a substance due to thermal changes such as dehydration and
dehydroxylation, as its temperature is raised uniformly. Pretreatment
of the soil samples with hydrogen peroxide is not necessary for D.T.A.
as oxidation reactions of the organic matter are suppressed by using a nitrogen
atmosphere. A clay sample, in fine powder form,is placed in a specimen
holder, in contact with a set of thermocouples. An inert substance is
placed in an adjacent speciman holder, also with a set of thermocouples.
Whilst no reactions occur within the unknown clay sample as the temperature
is raised, the temperature of both the clay sample and inert substance will
be the same. When a reaction involving a heat change occurs, the temp-
erature of the clay sample will deviate from that of the inert substance.
The temperature difference between the two sets of thermocouples is recorded
automatically, as a series of peaks on graph paper. The direction of the
peaks indicates whether a heat change is exothermic or endothermic, while
the approximate temperature at which a heat change commences, reaches a
maximum, and declines can be read off the graph, and the magnitude of the
reaction noted. The patterns obtained can be interpreted to identify the
presence of certain clay minerals or amorphous constituents. However,

Mackenzie (1972) stresses that D.T.A. on its own solves few problems in
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Soil Science, and only by integrating the results obtained with those
from other investigational methods can detailed information be obtained.

The clay sample for analysis was in an air-dried, crushed, NH4+
saturated form, of which 15mg was required. To ensure comparable hygro-
scopic moisture contents at analysis, the samples were equilibrated for at
least 3 days at 567 relative humidity, using a saturated solution of
Mg (N03)2.6H20. A heating rate of 10°¢ per minute and a nitrogen atmosphere
were used for all samples. 10mg of A1203 were used as the standard

inert substance.

(c) 1Infra-Red Spectroscopy, (IRS)

Clay mineralogical studies using IRS depend on IR absorption, the

wavelength of which is equal to the wavelengths of the bonds between or

within molecules. Absorption typically occurs in the l;OOO—&OOcm_1
wavenumber region, (wavelength 2.5-25um). Thus bonding between and within
molecules, and between ions of crystals, can be characterised. In this

study the sample for investigation was prepared by weighing accurately 2mg

of dried, crushed, NH + saturated clay, which was then mixed with 170mg

4
cf potassium bromide (K Br) and ground to a homogeneous mass in a ball mill.
The powder was then inserted into a sample holder, evacuated, and pressed
into a nearly transparent 13mm disc for analysis in the IR beam. The
prepared disc was left in an oven overnight, at 50°C. A double-beam
spectrophotometer was used for analysis, one beam passing through the
prepared KBr disc, while the reference beam passes through air. This
makes possible differential analysis, thus eliminating errors due to
variation in radiation source and to absorption by atmospheric water vapour
and carbon dioxide.

In some cases it was necessary to dilute the sample in the KBr disc
sixfold, to resolve peaks at lower wavenumbers. In this case, the disc

was removed from its holder and crushed. Approximately one-sixth (30mg) was

mixed with a further 140mg of KBr, and a second disc prepared.
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(d) Transmission Electron Microscopy (T.E.M.)

T.E.M. employs a beam of electrons. focused magnetically onto the
specimen. The electrons are scattered by sclid objects, such as clay
particles, casting a ''shadow' on to a screen or photographic plate.

The electron micrographs produced reveal the approximate size and shape

of the clay particles. They can also be used for positive identification
of certain substances such as amorphous materials. However, unlike the

3 previous techniques no structural detail is detectable, unless electron
diffraction procedures are used.

The sample required for investigation needs to be in a dry state, when
introduced into the transmission electron microscope, as it is viewed in
an evacuated lens column and specimen chamber. It must also be no greater
than 0.2um thick, this being the limit of penetration of the electron beam.
In this investisation a very dilute suspension of the NH4+ saturated clay
fraction was prepared, which looked slightly opaque when held to the light.
One drop of this suspension, after being fully dispersed both chemically
and ultrasonically was taken, using a clean pipette, and mounted on a carbon
film supported by a 3mm copper grid. The specimen was allowed to dry in
an oven at 50°C prior to investigation with the electron microscope.

6.3.2.3 Results and Discussion

(a) ZX-ray Diffraction (XRD)

Initial diffraction patterns obtained for the NH4+ saturated clays,
indicated that the crystalline components were in all cases dominated by
148 vermiculite and/or pedogenic chlorite, with varying degrees of inter-
stratification, (see Fig. 41). Fig. 41 indicates that the 148 peak is
particularly well defined in the samples of TpH (Cw horizon) and DH (Bw
horizon). It is also clearly evident in the samples of the RuMS and
RuVS soils (Bw horizons); whkich also have well defined 108 peaks produced
by mica. The absence of clearly defined 108 peaks in the other patterns

in Fig 41 is noted. This suggests that mica if present originally (which



142.

FIGURE 41: X-RAY DIFFRACTION PATTERNS OF NH+ SATURATED
CLAY SAMPLES FROM SELECTED SNTL PROFILES, SH%WING THE
PREDOMNINANCE OF 148 VERMICULITE AND 128 INTERSTRATIFIED
MATERTALS.
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is likely due to the nature of parent materials ) has been altered to some
extent, so that a clearly defined 108 is not obtained. The shifting of the
148 peak toward 122, in the case of Tp (Hal) and TpH (Bg), in Fig. 41,
indicates a considerable amount of interstratification of the vermiculitic
material.

Chlorite characteristically gives a small 148 peak and large 78
peak in XRD patterns of NH4+ saturated clays. Figs. 41 and 42 show the
148 peak to be larger, indicating that it is due to vermiculite rather than
chlorite.

The more weakly weathered Ruahine steepland soils also show quartz
and feldspar to be minor constituentsin all samples investigated (see
Figs. 41, 43) although Tp (Hal) gives a particularly large quartz peak at
3.328 (Fig. 41). This latter peak may be due, in part, to an aeolian
contribution, as well as a contribution of clay-sized quartz weathering
from coarser fractions, in this wet, acidic environment.

To characterise material contributing to the 148 peak, XRD patterns
of K+ saturated clays were obtained, sequentially heated through 3 stages
additional to the no heat treatment. Examples of patterns thus obtained
are shown in Figs. 42 and 43. In no sample did the 148 peak collapse to
108 on K+ saturation alone, without heat treatment, which would be the case
if vermiculite were present. Thus, an intergrading aluminous vermiculite,
or pedogenic chlorite, was considered to be present in the clay samples.

Pedogenic chlorite retains its structure even when heated to 550°C
and then usually gives an enhanced first order spécing, at about 141%.
The clay fraction of the Bw horizon of the D tax soil gave a pattern indicating
a small amount of pedogenic chlorite, (see Fig. 42, arrowed). Clay fractions
from the Ah horizon of D tax and from the Bw horizon of RuVS, when
sequentially heated to 5500C, produced patterns in which the 142 peak
collapsed to about IOR, indicating the presence of aluminous vermiculite,
(examples are shown in Fig. 42, 43).

In the case of the more weakly weathered Ruahine steepland soils, the



FIGURE 42: X-RAY DIFFRACTION PATTERNS OF A
DANNEVIRKE TAXADJUNCT SOIL PROFILE INDICATING
THE PRESENCE OF A SMALL AMOUNT OF PEDOGENIC
CHLORITE, (arrowed).
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FIGURE 43: X-RAY DIFFRACTION PATTERNS OF NH+ AND K+
SATURATED CLAY SAMPLES FROM A Bw HORIZON OF ﬁ
RUAHINE STEEPLAND SOIL (RuVS) FOR THE INVESTIGATION
OF VERMICULITE COMPOSITION AND THE PRESENCE OF
KAOLINITE.
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148 peak had largely collapsed at 3000C, indicating less replacement
of the interlayer cations in the vermiculite by hydroxy alumina polymers,
than in the other soils. One example is shown in Fig. 43.

In two Ruahine steepland soil profiles studied the 7R peak appears to
retain much of its intensity at 300°C (arrowed in Fig. 43), although the
148 peak has begun to collapse. From this evidence, it was considered
that a small amount of kaolinite may have been contributing to the 78
peak.

The possible occurrence of allophane being concentrated on slippage
planes at the soil-rock interface was investigated at the head of Cats Paw
Scar, a rockslide in Car Park Creek. Workers in North Westland, New Zealand
(0'Loughlin and Pearce, 1976) have reported one of the principle causes
of instability on slopes to be an allophane-rich organic clay layer at a
regolith-sandstone interface. Thus, a clay sample was taken from the soil-
rock interface, at the head of the rockslide, and its XRD patterns were
compared with those of clay samples taken from the Ha and Br horizons of the
same soil, a TpH. The clay sample was found to contain a significant amount
of crystalline material, identified as aluminous vermiculite. The
XRD patterns indicated that its clay mineralogy was similar to the other
2 samples studied, i.e. the Br and Ha horizons of the same soil.

In summary, the XRD patterns show that the crystalline fraction of the
soil clays in the study area is dominated by aluminous vermiculite, with
small amounts of pedogenic chlorite, mica, quartz, feldspar, and possibly
kaolinite in some of the horizonms. The relative proportions of these
constituents, and the composition of the vermiculites characterise the
extent of weathering within these soils.

(b) Differential Thermal Analysis, (D.T.A.)

Further characterisation of the soil clays was carried out by D.T.A.
This method of investigation was used on clays suspected of containing a
significant inorganic amorphous component. Fig. 44 shows some of the

D.T.A. curves obtained. Curves produced by TpH samples, from the Bg and



FIGURE 44: D.T.A. CURVES OF SELECTED SOIL CLAY
SAMPLES FROM CAR PARK CREEK.
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Cw horizons, show a doublet on the initial low temperature endotherm,
indicating the presence of two phases, whilst the Ah and C horizons of the
D tax soil, and the Ha2 horizon of Tp, show this doublet to a lesser
extent. This endotherm is due to dehydration of non-crystalline materials
with some contribution from dehydration of the vermiculite group. By
cross reference with the other techniques it is likely that the low
temperature component of the doublet (70—960C) is due to loss of water,
weakly bonded to vermiculite, whereas that at 118-128°¢C is due to loss of
water from allophane. The comparatively large low temperature endotherm
at 1280C, produced by clay in the Cw horizon of TpH suggests a greater
amount of amorphous material in this horizon than the overlying Bg horizon.

Interstratified phyllosilicates may give an endotherm at 600°C and
a sigmoid peak system between 800°C and 900°C (Mackenzie, 1972), but there
is no evidence of such curves on the thermal patterns presented here.
Indeed, the lack of clearly defined large peaks in all the curves
indicates that crystalline minerals do not dominate the clay fractions.
D.T.A. is not suited to identification of the chlorite group, as chlorite
gives various thermal responscs depending on its structure.

The small endotherms, between 2000C and 4500C (between X and Y in
Fig. 44) may indicate dehydroxylation of aluminous polymers, in the inter-
layer space of aluminous vermiculite, although a possible contribution by
iron oxides cannot be ignored. Non-crystalline and crystalline materials
also contribute to an exotherm, between 9350C and 9790C, in all 5 curves
in Fig. 44. This exotherm is attributed to the formation of mullite, a
spinel phase, from amorphous materials, which are transformed at lower
temperatures, possibly from phyllosilicate clays.

The D.T.A. curves give only a limited amount of information about
the soil clay fraction, which must be used in conjunction with information

obtained from the other investigational procedures. However, it clearly
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indicates that although there is a well defined crystalline fraction,
amorphous materials are also present in appreciable amounts and are mod-
erately hydrated.

(c) Infra-Red Spectroscopy (IRS)

Fig. 45 indicates the results obtained from IRS studies. Diagnostic

vibration patterns of layer silicate minerals, due to constituent units

include:
constituent unit vibration waveno (cm_y)
hydroxyl group 3400 - 3750
silicate anion 700 - 1200
octahedral cations 150 - 600 (coupled with Si-0

bending vibrations)
(Farmer, 1974)

The patterns obtained from the selected soil samples, contain these
characteristic peaks, thus indicating the presence of layer silicates.

Two broad absorption bands at 3400 and 3200 cm_1 (indicated by dashed
lines in Fig. 45), due to OH stretching vibrations, are most clearly
defined in the curves produced by Tp (Ha2), D tax (Ah) and TpH (Cw). That
at 3400cm_1 is due to allophane, whereas that at 3200 cm_1 is probably due
to interlayer water in the vermiculite component of the clay. The sharp
bands at 3700cm-1 and 3625cm_1 of Tp (Ha2), are due to bonded OH in the
octahedral planes of the clay crystalline components.

The strong absorption bands in the 3400cm-1 to 3200cm-1 region, together
with strong absorption in the 1700cm_1 to 1600cm_1 region due to OH bending
vibrations, indicates a dominance of highly hydrated materials, such as
allophane, together with contributions from the interlayer water of verm-
iculitic materials, in Tp (Ha2) TpH (Cw) and D tax (Ah) soils. A shoulder
at 1100cm—1 indicates a considerable siliceous component in the allophane,
and is present in all selected samples, except the Bw horizon of the Ruahine
steepland soil, being most pronounced in the Tp and D tax soil samples.

Absorption in the 8001:m_1 region is indicative of the presence of silica.



FIGURE 45: INFRARED SPECTRA OF SELECTED SOIL

CLAY SAMPLES FROM CAR PARK CREEK.
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A peak at 915cm—1 ("A" in Fig. 45) due to Al-OH vibrations within the
octahedral part of the crystalline structure is not strongly in evidence
in any of the patterns. This indicates Al1-OH bonds in crystalline minerals
are not a major constituent of the sample, and A1-OH is probably in the form
of amorphous gels or Al1-OH polymers.

Peaks occurring at 1400cm_1 are due to the vibrations of cations which
occupy exchange positions. These cations include NH4+ introduced by pre-
treatment, together with K+ and A13+ and possibly small amounts of other
cations which are thought to occupy interlayer positions of the vermiculitic
materials. The broadness of the peak is indicative of the variety of
cations whichare present; and its strength is indicative of the cation-
exchange capacities (C.E.C.) of the clays. Clay from the Ha2 horizon
of the Tp soil produces a comparatively large peak, indicating that the C.E.C.
of its clays is quite appreciable. The Ah horizon of the D tax soil also
has a large peak at 1400 cm_1 which is larger than that for the C horizon,
and it therefore has a larger C.E.C. In the TpH soil, the clay of the Cw
horizon appears to have a larger C.E.C. than that of the Bg horizon, which
may be due to a larger amount of amorphous material in the Cw horizon.

The peaks at 28500m-1 and 2900cm—1 indicate OH bands, contributed by
humus, with a possible contribution also from allophane-organic complexes.
These are particularly noticeable in Tp, TpH (Bg) and D tax (Ah).

The spectra indicate a significant amount of hydrated amorphous material
in the soils, especially in Tp, TpH (Cw) and D tax (Cw), together with a
layer silicate component. The presence of a highly siliceous gel is
indicated particularly in Tp, TpH and D tax. RuVS contains some amorphous
constituents, being less highly hydrated than in the other soils.

(d) Transmission Electron Microscopy (TEM)

Table 14 summarises the findings of TEM studies of the clays. These
studies enabledidentification of some phyllosilicates and amorphous materials,

and a visual assessment of their relative proportions in the samples.



SOIL SOIL SOIL PRESENCE OF AMORPHOUS UNIDENTIFIED | PHYLLO- OTHER MINOR
NAME SYMBOL| HORIZON MATERIAL HALLOYSITE | KAOLINITE | IMOGOLITE LATHS SILICATES| CONSTITUENTS
PRESENT ABUNDANT
Takapari Tp Hal = -+ —+ -+ + volcanic glass
peaty loam diatoms
Ha2 m + | 93 volcanic glass
diatoms
Takapari TpH Ah + + + +
hill soils
Bg + +
Cu + + + +
mod. steep| RuMS Ah L +
= -steep
£ phase Bw + +
—
Ef steep RuS Ah + -+ 1= i +
4 o Iphase
—
B Bw 4 + + -
&
< verysteef RuVS Ah + +- + + +
) phase :
&~ volcanic
Ew + + + glass
Dannevirke Dtax Ah + =+ 4 +
taxadjunct
Bw + ] =
(¢ - —+ +
Dannevirke DH Ah + -+
hill soils ST
i + + =i i glass
TABLE 14: RESULTS OF TRANSMISSION ELECTRON MICROSCOPY: VISUAL IDENTIFICATION OF MINERAL AND LE
AMORPHOUS MATERIALS. .



Fig. 46: Kaolinite and tube-like Fig. 47: Chunky cylindrical
halloysite (Tp, Hal). (c) and tube-like (t)
halloysite forms, (Tp, Hal).

Fig. 48: Weathering Volcanic
Glass (Tp, Hal).



Fig. 49: Amorphous
gel (Tp, Ha2).
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Fig. 50: Amorphous
(arrowed) and crystalline
material, and unidentified
laths, (RuVS, Ah).

Fig. 51: Representative
micrograph of a RuS soil
(Ah) showing crystalline
flakes, with minor amounts
of amorphous material.

Fig. 52: 1Imogolite,
and unidentified laths
(RuVS, Ah).



Fig. 53: Representative micrograph Fig. 54: Representative

of Dtax (Ah) showing finely micrograph of Dtax (C)
comminuted amorphous-dominated clay showing coarser amorphous-
materials. dominated clay materials.

Fig. 55: Aokautere Ash Fig. 56: Greywacke sample
showing amorphous materials showing moiré pattern (M).
(arrowed) in a fibrous gel

ground mass (G).
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Volcanic glass, halloysite, kaolinite, imogolite and diatoms were recognised
in several of the grids as listed in Table 14. Several electron micrographs
are presented, to illustrate selected examples.

Inorganic amorphous materials are abundant in all horizons of the
D tax, DH, Tp and TpH soils, commonly occurring as a filmy gel. This
filmy gel form was particularly abundant in Tp (Fig. 49). Amorphous material
was also observed in RuVS (arrowed, Fig. 50) together with the other Ruahine
steepland soils. Crystalline minerals predominate in all the Ruahine
steepland soils, as might be expected (see e.g. Fig. 51).

Kaolinite (Fig. 46), halloysite (Figs 46, 47) and imogolite (Fig. 52),
which were not revealed by the other instrumental techniques, were noted in
several soil samples, particularly in Tp indicating that they are present
in minor amounts. Halloysite occurred in the well-documented tube-like
form (Bates et al. 1950), and also in the chunky cylindrical form (Kirkman,
1977b), as shown in Fig. 47. Kaolinite was recognised as clearly defined
hexagonal crystals (Bates, 1959), and imogolite as smooth, interweaving threads,
(Gard, 1971; Parfitt and McHardy, 1974). Weathering volcanic glass was
noted in a number of clay samples, an example being shown in Fig. 48.

The presence of platy micaceous and feldspathic material in the Ruahine
steepland soils, which contained large amounts of crystalline flakes, seems
probable, although they could not be positively identified. However, X.R.D.
patterns indicate that these minerals are present.

Long lath-like crystals, up to 5-6um in length, occurred in the majority
of soil clay samples, generally in small amounts. In two samples of the Ah
horizons of Ruahine steepland soils they were observed in appreciable amounts,
(Fig. 50, 51, 52). These lath-like crystals are at present unidentified
but exhibit a similar appearance to the zeolite mordenite, which occurs
sporadically in rhyolitic materials (Gard, 1971). It seems probable that
they are a type of zeolite.

Electron micrographs, shown in Figs. 53 and 54 indicate the relative
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abundance of crystalline and amorphous materials, within the Ah and C
horizons of the D tax soil. The Ah horizon is shown to contain more
finely comminuted material, presumably due to greater physical, chemical
and biological breakdown of soil particles in the upper horizons.
These micrographs may be compared with those shown in Figs. 55 and 56, which
illustrate the form of the clay fraction of a sample of Aokautere Ash and
greywacke, respectively. The clay fraction of the Aokautere Ash, is
seen to be largely amorphous with a grain-like appearance (arrowed in Fig. 55),
together with a ground mass which is largely a fibrous gel (labelled G).
Fig. 56 is an electron micrograph of a greywacke pebble, ground to clay
size. It is seen to be largely crystalline, with some of the flakes
exhibiting a moiré pattern * (labelled M).

T.E.M. studies were thus particularly useful for a visual assessment
of the relative proportions of constituents of the clay-sized fraction.
It was also possible to positively identify kaolinite, halloysite (tube-

like and cylindrical forms), imogolite and weathering volcanic glass.

6.4 CONCLUSIONS

Soil-water characteristics, and the mineralogy of a number of selected
soil samples has been investigated. The results obtained enable a detailed
comparison of the properties and genesis of the soils mapped, together with
an understanding of the processes occurring within these soils, such as
soil water movement, soil water retention and the extent of weathering.

In the case of the Ruahine steepland soils, three profiles were
investigated. The RuMS and RuS samples were taken from representative
profiles of a moderately steep-steep and steep phase, respectively; whilst
RuVs samples were taken from a profile with better horizon development than

the modal profile of the very steep phase.

* A moiré pattern is that produced on an electron micrograph due to
overlapping of platy crystals, producing sets of parallel fringes (Gard,
1971)
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Data obtained for the RuMS and RuS soils showed them to be characteris-
tically different from the other soil mapping units. The results show that
they have the largest bulk densities, smallest total porosities, and largest
macroporosities (together with the samples of the Takapari peaty loam,

Tp) . They are also characterisedlby very small A.W.C.'s and the least
accumulation of organic matter. These soils, therefore, are freely
draining with a low water storage capacity; and during a heavy rainstorm,
water will move rapidly through the solum.

Cohesion in soils is a bonding together of particles due to attractive
forces; mainly contributed by clays, organic matter and the surface tension
effect of air-water interfaces. Since the Ruahine steepland soils have
low clay contents (being weakly weathered), low organic matter contents and
weak structures, they will tend to become cohesionless on drying, which in
turn will decrease their shear strength. Due to their low A.W.C.'s and
rapid drainage, the soil water status of these soils will change relatively
rapidly compared with the other soils studied in the survey. Thus,
at the beginning of a wet period, for example during the autumn months, these
soils with low cohesion will become wet rapidly (i.e. attain a low soil
water matric potential), and at this stage may be particularly susceptible
to erosion. At the end of a wet period, they will drain rapidly to attain
2 relatively high soil water matric potential. This effect will be enhanced
by a lack of organic matter to retain moisture at the surface and in the
solum ; so that these soils, in particular, are susceptible to droughtiness
which in turn limits plant growth.

Mineralogical studies of RuMS and RuS, and the "drying effect' indicate
that they contain the smallest amount of amorphous clays with respect to the
other soils in the subcatchment. Sand mineralogy studies indicate 1-37%
mafics (hornblende, hypersthene and augite) and 3-13% rhyolitic glass, a
smaller percent than in the other soils. The presence of mica, feldspar and

quartz shown by X-ray diffraction studies, together with aluminous vermiculites
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with only a moderate amount of interstratification, indicate that the
soils are weakly weathered.
The properties of the RuVS soil differ markedly from those of the
RuMS and RuS soils, in'a consistent fashion. In this soil, a marked
decrease in bulk density is noted together with an increase in the following:
total porosity, A.W.C., the "drying effect", pH (in NaF) of Bw horizon, organic
matter levels and proportions of mafics (3-4%) and rhyolitic glass (18-247%).
Transmission electron microscopy studies of the clay fraction showed the
presence of some imogolite, halloysite and amorphous material, as well as
aluminous vermiculites and mica. This data suggests that this soil has
developed on a more stable site than the RuMS and RuS soils; so that there has
been sufficient time for greater amounts of tephric loess and organic matter
to accumulate and for a Bw horizon to develop. Thus on the steep to very
steep slopes of the subcatchment where many erosion scars occur, there are
also sites which have remained stable for some considerable period of time.
Because the soil-water characteristics and mineralogy of the soils in the
Ruahine steepland soil mapping unit are rather varied, it seems probable
that their susceptibility to erosion also varies considerably between sites.
In comparison with the Ruahine steepland soils, the Dannevirke taxadjunct
(D tax) and related Dannevirke hill soils (DH) display features indicative
of a large amorphous clay component. The D tax soils have (1) pH (in NaF)
values >9.4 in all subsoils analysed, and (2) a large ''drying effect".
The DH soils show these effects to a lesser extent. Both soils have large
A.W.C.'s. The saturated hydraulic conductivity values for the D tax soil
indicates that infiltration rates are seldom, if ever, limiting so that
the soil is freely draining with little or no surface runoff.
The sand mineralogy of the Dannevirke soils indicate 4-117% mafics and 5-36%
rhyolitic glass, together with quartz, feldspar, greywacke fragments and
other minor constituents. Thus, the parent material may be assumed to be
derived from a mixed source provenance of greywacke material and aerial

volcaniclastic ejecta from the rhyolitic and andesitic volcanoes of Central
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North Island. The sand mineralogy, the "drying effect" values, bulk
densities and pH (in NaF) values for respective horizons all suggest that
the proportion of tephra components and thus amorphous clays in the Bw
horizon is greater than in the C horizon of the D tax soil.

The Dannevirke soils are more strongly weathered than the Ruahine
steepland soils. X-ray diffraction patterns indicate that the crystalline
clay fraction of both soils are dominated by interstratified vermiculite,
however, those of the Dannevirke soils are more highly aluminous. D tax
soils contain a small amount of pedogenic chlorite. Visual assessment of
the electron micrographs indicates that amorphous material contributes to
at least 507% of the clay fractions in the Dannevirke soils. Mica and
feldspar have been largely destroyed by weathering in these soils. Thus,
due to large water storage capacities, considerable amounts of amorphous
clays and organic matter, the Dannevirke soils show properties that render
them less susceptible to erosion than the Ruahine steepland soils. This
is expressed in their profile development where the freely draining, friable,
well developed profiles have a low bulk density and a high porosity.

The Takapari peaty loam (Tp) and Takapari hill soils (TpH) are
distinguished by their peaty nature, together with an amorphous clay content
largely in the form of highlv siliceous gel (as shown by infra-red spectro-
scopy) . The peaty topsoil of TpH, and the Ha horizons of Tp have very low
bulk densities, and large A.W.C. s meaning that the soil is able to store
large amounts of water. The porosity and macroporosity values of Tp are
large, and the '"drying effect" on its water retention properties is also
large (probably a combined effect of amorphous clays and organic matter).

Tp has the greatest proportion of mafic and rhyolitic sand grains of all the
soils examined in the subcatchment, constituting up to 60% of the total sand
fraction. Quartz and feldspar are also common. Thus the parent materials

for this soil include, in order of abundance: peat, tephric loess, rhyolitic
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tephras and weathering greywacke.

The position of Tp on the summit plateau of the Ruahine Range abrogates
the effects of erosion processes, such as soil creep and mass movement, which
dominate soil formation on the steeper slopes to the east.

The TpH soil occurs on slopes, just below the summit plateau. The

topsoil (Ah, Ahg or Ha horizon) has low bulk densities and relatively large

porosity and A.W.C. values. In the Bg horizon a marked increase in bulk
density and decrease in porosity and A.W.C. occurs. This horizon has the
smallest macroporosity values of all samples studied. Saturated hydraulic

conductivity studies show that infiltration into the surface horizon is
typically rapid, and of the order of several thousand mm.day_l. However,
a very marked decrease in rate of vertical water movement is noted in the
underlying Bg horizon. It seems that interflow is likely to occur in this
situation. The contrasting properties of the Bg horizon compared with the
Ah horizon also suggest that as water movement through the Bg horizon is
impeded it will accumulate at the junction of these horizons, so that with
time in a sufficiently wet environment, a perched water table will develop.
This saturated zone, with its subsequent decreased shear strength, will

act as a plane of weakness in the soil and is likely to become the shear plane
for mass movement to occur.

Below the Bg (or Br) horizon is a thin placic horizon, overlying a Cw
horizon. The Cw horizon shows a marked increase in (i) macroporosity,
(ii) the "drying effect" and (iii) pH (in NaF)'values, compared with the Bg
horizon. This information together with clay mineralogy studies, indicates
that the Cw horizon is more freely draining and contains a larger
proportion of amorphous materials. Thus, the investigations show that the
gleyed or completely reduced B horizon of the TpH soils has different soil-
water characteristics to (1) the overlying Ah or Ha horizons and to (2)

the underlying Cw horizon. Thus, each horizon has diagnostic soil-water



162.

movement and soil-water retention properties, producing a soil with a
high susceptibility to erosion processes.

A secondary observation in this study was the large native earthworm
activity in most soil profiles (with the exception of Tp) indicated by the
presence of large burrows, infilled with material often from another
horizon. The investigations indicate that these burrows aid good drainage
and aeration of the soil profiles, as well as assisting the breakdown and
incorporation of organic matter within these soils, improving structual
stability.

In conclusion, the extent of weathering and amounts of amorphous
constituents within the clay fractions of the soils, tends to increase in
the order: Ruahine steepland soils; Dannevirke hill soils; Dannevirke
taxadjunct soils and Takapari hill soils; Takapari peaty loam. The
Ruahine steepland soils are characteristically rapidly draining soils, with
low water storage capacities. The Dannevirke soils, in contrast have much
greater water storage capacities, but are also free-draining, and have a
large amorphous clay component. The Takapari hill soils are characterised
by drainage impedance in the B horizon with soil-water properties markedly
different to those of the horizons above and below it. The Takapari peaty
loam exists on stable sites of the summit plateau, where interflow does
not occur. Instead, in this area of highest amounts of rainfall, waterlogging
of the soil occurs as it becomes saturated upwards from its contact with
the underlying greywacke bedrock. This results in (i) 1low decomposition
rates of the organic matter, producing a peat, and (ii) a moderately acid,

wet environment for mineral weathering to occur.
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CHAPTER SEVEN

FINAL DISCUSSION OF RESULTS AND EROSION

PROCESSES, WITH CONCLUSIONS

The fluctuation and magnitude of erosion rates in the Southern Ruahine

Range through geological time, and in recent decades, has been discussed

in the Literature Review. This indicates that:

(1) erosion rates have been highly variable since the Range began to be
uplifted, and;

(2) 1in recent decades, the erosion rates are increasing.

Mosley (1977) provides the following estimates of erosion rates (which he
states are based on some very restrictive assumptions) for the southeastern
Ruahine Range, thus substantiating (2) above:

(a) a minimum erosion rate of 10m3 ha—1 yr—1 on a long-term basis,
(estimated from the volume of rock removed during valley incision, assuming
the Range to be 1.5 million years old).

(b) an erosion rate of 28m3 ha_1 yr-l, between 1946 and 1974 (estimated
by the change in area of erosion scars during this period).

Introduced wildlife, a climatic change, earthquakes, the clearing of
natural deposition areas, steepness of slope and the nature of the bedrock
have been suggested as factors involved in the recent increases in erosion.
However, the argument as to whether increased erosion rates observed today
are part of a natural cycle, or whether they are accelerated by one or more
of these factors, mentioned above, is disputed. Hence, the aim of this
study has been to investigate the extent and types of erosion and the related
soil resources with a view to establishing likely mechanisms and reasons

for the erosion.

Erosion types which are related to the soil resources are considered to

be (a) mass movements, which involve soil materials together with rock

fragments and organic matter, and (b) soil creep, which is generally a slower
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form of erosion.

A detailed soil survey of Car Park Creek showed that the distribution

of the soils is associated with different geomorphic surfaces, which have
been classified according to the nine-unit landscape model (NULM) of
Conacher and Dalrymple (1977). It is likely that the soils of Car Park
Creek are representative of soils along the eastern side of the Range, and
that a similar pattern of soils will exist in other catchments, their
distribution being related to the landsurface unit and altitude.

This study has shown that the mineral soil parent materials are:

in situ greywacke-derived materials, with additions of greywacke loess and
volcanic ash. The Dannevirke and Takapari series, on more stable sites
than the Ruahine soils, contain the greatest amounts of loess together with
a large tephra component, producing a deep soil. Field observations and
sand mineralogy studies of the Takapari peaty loam indicate that tephra
additions include lapilli from the Waimihia and Taupo Pumice eruptions.
These tephras indicate a minimum age of soil development for the Takapari
peaty loam of ca. 3440 years (extrapolated to ca. 4600 years assuming a
constant rate of peat accumulation in the lower part of the profile). This
suggests that the summit plateau of the Southern Ruahine Range was stripped
bare prior to this date, during an erosive period. The presence of a third
tephra, the Aokautere Ash (erupted ca. 20,000 yrs. B.P.) in a gravel deposit,
underlying the Dannevirke taxadjunct soil, indicates that active erosion

and deposition was occurring alongside the main West Tamaki River channel

at this time. |

The primary mineral assemblage and extent of weathering indicated by

the sand and clay mineralogy studies suggest that the Takapari hill soils

are of a comparable age to the Dannevirke soils, although the former are
subject to more intense chemical weathering. The Takapari peaty loam contains
highly aluminous vermiculites and minor amounts of Kaolinite and

halloysite, which have formed in the profile under very wet, acidic conditons.
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This indicates that this soil is also subject to relatively intense

chemical weathering. The primary mineral assemblage of the Ruahine
steepland soils indicates that they contain the least amounts of tephra
components of the soils studied, whilst their clay mineralogy shows that
there has been insufficient time for all of the mica and feldspar in these
soils to have been removed or altered. This is to be expected as the
Ruahine steepland soils occur on the most unstable slopes in the subcatchment,
and their profile development is modified by rejuvenation processes.

However, the occurrence of stable pockets within this steepland soil mapping
unit has been noted, indicating that the erosion susceptibilities of sites

within the mapping unit are varied.

Virtually all of the erosion within Car Park Creek occurs in the areas

mapped as Takapari hill soils (TpH) and Ruahine steepland soils (RuMS, RuS,
Ruvs). A number of soil parameters were measured in the subcatchment to
investigate:

(a) why these soils, in particular, are susceptible to erosion, and

(b) which soil parameters are most closely related to erosion processes.

The Takapari hill soils occur in an area in which most of the deep-

seated erosion occurs. Their soil morphology is a peaty top, underlain by

a grey, gleyed Bg (or in local depressions a completely reduced Br) horizon,
which can be of thicknesses up to 0.5 metre. Below this a discontinuous,
thin iron pan occurs, underlain by a more freely-draining horizon. This
soil has been described in Chapters 5 and 6, and in the latter the likelihood
of interflow through the permeable surface horizon# is proposed. It is
also suggested that a perched water table may form at the upper surface of
the Bg (or Br) horizon in wet periods, thus creating a saturated zone. A
decrease in shear strength of this saturated zone occurs on wetting, due to
loss of many cohesive bonds (contributed by air-water menisci) and a

decrease in frictional forces between particles. Thus, a zone of weakness
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will develop forming a probable shear plane for mass movement resulting

in, for example, debris avalanches and slides. Also, a slower, possibly
imperceptible, soil creep may be occurring not only at this plane but also

in the underlying structurally weak, gleyed B horizon. Other factors which
favour soil creep in this zone include: (a) the slope gradient, of between

12° and 300, (b) a high mean annual precipitation of approximately 2400mm, (c)
a vegetational stand, unhealthy in places, and with a limited root
distribution, and (d) any factor causing a disturbance of the soil particles,
such as earthquakes.

Creep, not only of surficial soil layers, but also of underlying
colluvial and shattered bedrock materials may be also occurring. This is
favoured by the factors (a) (b) and (c) listed above together with: (e)
the structure and lithology of the greywacke bedrock, which is jointed,
faulted and shattered, and consists of alternating beds of sandstone and
argillite which have differing resistances to weathering. Evidence for
a more deep-seated creep movement is the presence of large scale (approximately
100 metres in length), deep terracettes on the convex creep slope, within
Car Park Creek, orientated parallel to the ridge-top (see Fig. 7). These
appear to be similar in nature, although on a smaller scale, to the small
discontinuous scarps occurring in indurated greywacke and argillite, in the
Southern Alps of the South Island, New Zealand, (Beck, 1968). The latter
are formed by gravity adjustment, often triggered by earthquakes, in a terrain
oversteepened by glaciation. In the Southern Ruahine Range, where slopes
are oversteepened by fault movement, and earthquakes are common, it is
likely that a similar gravity adjustment occurs, which would thus explain
these deep terracette features.

Indeed, the presence of terracettes within the zone in which Takapari
hill soils occur is an indication of slow valleyward movement of the entire
area, which is enhanced by undercuttingat the stream bed. Thus, terracettes

may form either as in (a) or (b) (Fig. 57). However, it is possible that
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Fig. 57: An Illustration of the Possible Origin of Terracettes,
Observed at the Head of Car Park Creek.

active
undercutting

(a) terracette formation due to creep of surficial soil materials,
over the bedrock.

active
undercutting

(b) terracette formation due to deep-seated slumping within the
bedrock.
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the terracettes of (b) form simultaneously with a more superficial soil
creep (forming smaller terracettes, as in (a))superimposed on its surface.
Similar terracette features are also found at the head of the Rokaiwhana
Stream, to the south of Car Park Creek.

The Ruahine steepland soils also have a high erosion susceptibility.

Soil factors which enhance this susceptibility include weak structural
development and low organic matter levels. The RuS and RuVS phases exist

on transportational midslopes, with angles of slope characteristically

(o) . . . c 2
greater than 30 . This steepness of slope is a major factor contributing
to their erosion susceptibility. The RuMS phase exists on a more stable
slope unit, the colluvial footslope. However, some mass movement undoubt-

edly occurs in this unit, which is also affected by fluvial erosion processes.

The alluvial toeslope, where Recent soils occur, has similar susceptibilities

to erosion as the colluvial footslope. The soils on this surface are also
commonly weakly structured with low organic matter levels, and occur in a
zone susceptible to fluvial erosion processes.

The Takapari peaty loam and Dannevirke taxadjunct soils occur on level

to gently sloping topography where mass mevement seldom occurs. The

Dannevirke hill soils occur on the flanks of the interfluves, below the

750 metre contour, in an area where slight erosion occurs. These latter
soils are less well developed than their more stable counterparts, the

Dannevirke taxadjunct soils.

The present study suggests that a number of soil parameters are related
to the erodibility of a soil which, together with other factors such as

slope and aspect, determine its erosion susceptibility. These soil
parameters are:

(a) Structural Development - During pedogenesis, the individual soil

particles become clustered into aggregates by bonding together by clay

particles and humus, with cracks and pores developing as roots and soil



169.

fauna penetrate the soil. Thus, a well structured soil contains stable
soil aggregates and sufficient cracks and channels to provide good aeration
and drainage. Soil structure can be destroyed or seriously reduced by:

(1) wetting a soil when it is dry, or

(2) compression and shearing when it is wet.

The stability of the structure depends on the amount of structural bonds
within the soil, provided by the clay fraction, sesquioxide cements, humus
and microbial gums.

Thus, in the case of the Ruahine steepland soils and Recent soils which
are relatively young and weakly weathered (in the majority of cases), clay
and organic matter levels are low with resulting weak structures. The
Dannevirke and Takapari soils have better developed structures, although
the hill soils associated with each of these series have structures that
are less strongly developed.

Destruction or reduction of soil structure will increase soil sus-
ceptibility to erosion on a slope. The Ruahine steepland soils, which
have weakly developed structures, also dry out considerably during the
summer months (having a rapid drainage rate, inferred from a large percent
of macropores, and a small A.W.C.). Thus, when the dry soil becomes wetted
the soil is liable to lose much of its structural stability. This is
enhanced by the position of these soils on steep slopes, where they are
subjected to large shearing forces.

Inthe Dannevirke hill soils, the soil-water characteristics do not favour
such rapid drainage of the soil, and it is likely that these soils do not
dry out to such an extent as the Ruahine steepland soils. Thus, these
weakly to moderately structured soils are less susceptible to loss of struc-
tural stability. The Takapari hill soils, having poorly to very poorly

drained profiles, seldom dry out, even during a long dry summer. The
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weakly structured B horizon, which in places is completely reduced, is
liable to lose its structural stability when subjected to shearing forces.
In contrast, the Takapari peaty loam, which occurs on level to gently
sloping surfaces, is not subjected to these shearing forces. Likewise, it
seldom dries out to any great extent, so that factors within this soil

do not favour the loss of structural stability.

(b) Organic Matter - The amount of organic matter in soil is intimately

associated with a number of soil physical properties. Its effect on
structural development has been mentioned in the preceding pages. It is
also related to bulk density and available water-holding capacity, as
discussed in Chapter 6.2.2. The presence of an organic litter on the soil
surface aids rainfall acceptance and decreases the likelihood of soil splash
and surface compaction - factors of major importance to the likelihood of
erosion of the surface soil layers. In this study, horizons with high
organic matter content are found to have large macroporosities.

The Takapari hill soils, which have peaty surface horizons with large
macroporosities, are a case in point. Saturated hydraulic conductivity
measurements on the surface horizon of this soil together with macroporosity
data suggest that infiltration and drainage are not limited by the drainage
characteristics of the surface horizoms. Thus, the change of surface
soil losses due to runoff, or the ponding of water on the surface where
infiltration is limiting, is small.

The Takapari peaty loam soils also have a high organic matter content,
but in these soils where vertical water movement occurs and soil depths are
generally about 0.5m, the soil becomes saturated upwards from its contact
with the basement greywacke, which enhances its waterlogged nature.

The Ruahine steepland soils, in contrast, have relatively low organic
matter levels, with little or no accumulation on the surface. Macroporosity

data indicate that they are rapidly draining soils, which is due to their
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textural coarseness and stoniness. However their relatively cohesionless
surface horizons are liable to soilsplash and dispersion during intense
rainstorms, in an area where there is little or no organic litter protecting
the soil surface.

The Dannevirke taxadjunct, and Dannevirke hill soils to a lesser extent,
have high organic matter levels and an appreciable accumulation of organic

{

litter on the surface. The large amorphous clay component in these soils
contributes to their f riable consistence and low bulk density, while at the
same time facilitating the formation of amorphous clay-organic complexes.
Thus, these soils are freely-draining, and their surfaces are protected by
organic matter against soil splash and dispersion.

(c) Rooting Depth - A soil on a slope is strengthened by the presence of

tree roots and maximum strength is gained when these roots extend throughout
the solum, . This is the case in all of the soil mapping units which occur
on slopes within Car Park Creek, with the exception of TpH, as shown in

the table below:

TABLE 15 AVERAGE SOIL AND TREE ROOTING DEPTHS OF EACH SOIL

MAPPING UNIT, WHICH OCCURS ON A SLOPE

SOIL AVERAGE SOIL* AVERAGE TREE* TREE ROOTING DEPTH

SOIL SYMBOL  DEPTH (cm) ROOTING DEPTH AS PERCENT OF SOIL
(cm) DEPTH (%)
Takapari hill soil TpH 70 50 approx. 70
Dannevirke hill soil DH 70 70 100
Ruahine RuMS 60 60 100
steepland: RuS 45 45 100
soils RuVS 35 85 100

* average soil and tree rooting depths are estimated as an average depth

of the total numberof soil profiles described in the study.
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The Bg (or Br) horizon of TpH being waterlogged provides adverse
conditions for root growth, with a marked decrease in root abundance and
therefore a marked decrease in shear strength in this horizon, compared with
the overlying horizon. This may subsequently increase the likelihood of soil
creep within this soil.

(d) Presence of an Impermeable Horizon - In the Takapari hill soils, at the

base of the Bg (or Br) horizon, a thin iron pan has developed, below which
no roots penetrate. This pan increases in thickness and cementation with
an increase in altitude and a resultant increase in mean annual rainfall.
Thus, iron pan development is more pronounced on the convex creep slope at
the top of the catchment than on the sloping interfluves which extend to
lower elevations. As well as impeding robt penetration, the iron pan will
also impede vertical water movement, thus enhancing the waterlogged nature
of the slowly permeable Bg (or Br) horizon.

Where the bedrock occurs close to the soil surface, which is the case
in a number of Ruahine steepland soils and Takapari peaty loam soils, it
will offer resistance to root penetration and water movement. Thus, on
a level surface, for example in the case of the Takapari peaty loam soils,
a perched water-~table may form above the bedrock and develop upwards. Where
the surface of the bedrock is sloping and close to the surface, for example
in certain soils of the RuS and RuVS soil phases of the Ruahine steepland
soils, water may move along this plane and have a lubricating effect at
this point, i.e. where the base of the soil is in contact with the underlying

bedrock.

(e) Soil Water Permeability - The ease with which water passes through the

soil has been measured directly as saturated hydraulic conductivity (ksat)
and indirectly as macroposositv. A soil becomes saturated and loses shear

strength (increasing its liability to movement downslope)
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if sufficient water drains through it at a slower rate than it is being
received. It is observed that Ksat will decrease with time during a
rainstorm, due to factors such as clogging of pores by the inwashing of
finer particles. Also, the rate of movement of water through the soil is
limited by the horizon of slowest Ksat values, so that even if the surface
horizon is freely draining the presence of a slowly draining subsoil may
result in waterlogging, and pogsible saturation.

Ksat and macroporosity measurements indicate that the Ruahine steepland
and Dannevirke soils are freely draining, so that saturation of the soil
profile is unlikely. The extremely stony Recent soils, which frequently
occur on several metres of gravels will thus also be freely draining.

However, in the case of the TpH soils, a rapidly draining topsoil is
underlain by a B horizon having a marked decrease in permeability. This
is indicated by Ksat measurements and substantiated by macroporosity data.
Thus, as a considerable amount of precipitation falls at this altitude
(approximately 2800mm annually), the Bg (or Br) horizon, which has vertical
Ksat values ranging between 0.1 and 400mm per day, will limit soil drainage.
This, together with the presence of a thin iron pan makes the B horizon of
TpH particularly susceptible to saturation, and may lead to the formation
of a perched water table at its upper boundary, thus increasing the erosion
susceptibility of this soil.

In the present study, these 5 soil parameters are of particular

relevance in the assessment of soil erodibility. The erosion susceptibility

of a soil on a slope depends not only on its inherent erodibility (governed
by its internal properties) but also on external factors such as slope and
aspect. The likelihood of the shear stress of a soil overcoming its shear
strength increases as the angle of slope increases. This is illustrated

by the equation:
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T = Zz sin « cos «

Y4

where T = tangential stress (in Pa)

a
I

slope angle

= dry unit weight of soil (kN.m-3)

Y4

z soil depth.

Thus, a comparative assessment of erosion susceptibilities may be
made by comparing the five soil parameters and angle of slope for each soil
class. These are summarised in Table 16. The notation "E" in the bottom
right-hand corner of a box indicates that this factor is likely to be a
major cause of decreasing a soil's stability on a slope, due to the reasons
previously discussed. The summation of "E" factors is used as an index for
comparison of soil erosion susceptibilities, (see Table 16). The data

suggests that the erosion susceptibilities of the soils in the study area,

decreases in the order:

TpH > RuS and RuVS > RuMS, DH and R > Dtax and Tp.

Indirect factors, which may modify this order, based on a comparison of
soil and slope parameters include:

(a) weaknesses in the bedrock, which may result in deep-seated mass
movements,

(b) fluvial erosion processes, affecting in particular RuMS and R,

(c) climatic factors - Erosion likelihood is increased in the upper
reaches of the catchments where the mean annual precipitation is greater than
at lower altitudes, (mean annual rainfall/altitude gradient is approximately
151mm/100m, Martin, 1978), and where increased rainfall intensities are
expected, although little reliable data is available to substantiate this.

Thus, the Southern Ruahine Range is an area inherently suscéptible to

very high natural erosion rates, due to:



TABLE 16

FACTORS AFFECTING THE EROSION SUSCEPTIBILITY

OF THE SOILS IN

CAR PARK CREEK SUBCATCHMENT

Takapari Takapari Dannevirke Dannevirke Ruahine steepland soils Recent
PARAMETER peaty loam | hill soils taxadjunct hill soils RuMS RuS RuVs soils
(Tp) (TpH) (D tax) (DH) (R)
STRUCTURAL DEVELOPMENT weak - weak - weak -
(of total soil) moderate moderate moderate moderate moderate weak weak weak
E E E E E
ORGANIC MATTER LEVEL * low - low - low -
(of surface horizon) v. high v. high high medium medium medium medium medium
E E E
ROOTING DEPTH
(% of soil depth) - approx 70 - 100 100 100 100 =
E
PRESENCE OF
IMPERMEABLE HORIZON - + - - - + + -
(+/2)
E E E
SLOPE < mod mod steep - <mod mod steep - mod steept steep v steep <mod
steep steep steep steep steep steep
- . E E E E
RATINGS FOR | MACRO-" medium -
PERMEABILITY | POROSITY high low medium medium high high medium high
OF LIMITING kA
HORIZON sat - slow rapid— - = - = -
VALUES F v rapid
SOIL EROSION
SUSCEPTIBILITY INDEX
(summation of E's) 0 5 0 2 2 4 4 2

*%
*kk Ll

* using th
"

e rating system of Metson (1956)
New Zealand Soil Bureau (1968)
Smith & Browning (1946)

‘GLT
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(1) geological factors, such as the type and shattered nature of the

lithology, together with active faulting and uplifting of the Range,

(2) steepness of topography, largely controlled by (1), and enhancing

mass movement due to gravity adjustment.

(3) climatic stresses, such as intense rainstorms and winds, which affect

in particular the south-eastern part of the Ruahine Range. This is illust-

rated by: (i) the distribution of soils. The Takapari hill soilsextend down

to the 750m contour on the east side of the Range, and to the 1070m contour
on the west side, (Rijkse, 1977). This suggests that adverse conditions
producing a gleyed soil, together with slow organic matter decomposition
rates are more prevalent at lower altitudes on the east flank of the Southern
Ruahine Range, compared with the west flank, (Rijkse, 1977).

(ii) certain vegetation zones,in the Southern Ruahine Range which

show a definite drop in their upper limit, in comparison to vegetation further

north in the Range, (see Fig.9).

(4) certain soil parameters, which render the Takapari hill soils and

Ruahine steepland soils particularly susceptible to erosion.

Thus within any catchment of the Southern Ruahine Range very high
natural erosion rates are to be expected. However, the present study of
the West Tamaki River catchment has indicated that within a single catchment
there are areas of contrasting erosion potential. Fig. 58 illustrates the
extent and distribution of erosion surfaces within this catchment, and
delineates areas which are considered to have high, medium and low risk

of erosion , based on the evidence presented in this study.
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The soil mapping units are delineated in Fig. 58 by extrapolation of
information obtained from (1) the detailed soil survey of Car Park Creek
and (2) observations and profile descriptions from the main channel of the
West Tamaki River. It is considered that soil mapping units are associated
with particular geomorphic surfaces and altitudinal zones within the
Southern Ruahine Range. Thus, with the aid of a 1:5840 scale aerial
mosaic of the West Tamaki River catchment area, soil mapping units have
been extrapolated throughout the catchment. Thus, it may be seen that
areas of equal erosion risk correspond to soil mapping units on a basis of
their erosion susceptibility indices, with the following modifications:
(1) The "high risk" area includes the Takapari hill soils (erosion
susceptibility index 5) only where they occur on the convex creep slopes just
below the summit plateau. The lower extent of these soils is excluded because:

(a) the peaty nature of the A horizon, the thickness and gleyed nature
of the B horizon, and the cementation of the iron pan are all poorly
expressed, thus decreasing adverse soil-water propertes; (b) the sloping
interfluve areas, where these soils occur at lowest elevations are considered
to be relatively stable landsurface units compared with the convex creep
slopes and steep valley-sides.
(2) The "high risk" area includes the RuMS soil phase (erosion susceptibility
index 2) of the Ruahine steepland soils, and the Recent soils (R) (erosion
susceptibility index 2) as well as the RuS and RuVS soil phases (erosion
susceptibilities 4) because:

(a) RuMS and R are particularly liable to fluvial erosion processes,
such as bank erosion, and (b) RuMS and R receive erosion products from the two
phases, RuS and RuVS, which occur above them, often producing buried
horizons.

Thus the "high risk" area, delineated in Fig. 58 contains the Ruahine
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steepland soils, Recent soils and the upper part of the Takapari hill soils
mapping unit. This area contains many of the existing erosion surfaces.

The Ruahine steepland soils occur on the steep valley-sides and upper reaches
of the subcatchments. These weakly structured, relatively cohesionless
soils, together with the Recent soils, are found in a wide range of soil
developmental stages with corresponding vegetation patterns also in various
seral stages, both being controlled by erosion processes.

In contrast to the Ruahine steepland soils, the zone where Takapari
hill soils occur contains less erosion scars. However, where these soils
‘occur on convex creep slopes they have a high susceptibility to erosion in
the form of: (a) mass movement, initiated within the solum or underlying
bedrock and (b) creep, of soil and underlying colluvial materials. Many
erosion scars occur at the boundary between these two soil mapping units,
the Ruahine steepland soils slowly encroaching on the Takapari hill soils
as erosion takes place. Fig. 7 shows a rockslide which occurs in Car Park
Creek (marked D in Fig. 58) at the boundary between these two soil
mapping units. As well as the deep terracette features which are seen in
this area, Fig. 7 also shows an oval-shaped area bounded by a scarp which
is about one metre in height, occurring above this rockslide. There is a
high probability of this whole area responding to gravity collapse during,
for example, an intense rainstorm. Thus revegetation programmes which
attempt to revegetate existing eroded areas should be concentrated at sites
such as this one. Revegetation of this site would subsequently increase
the stability of the surface of the rockslide, decrease the shear stress of
the oval-shaped area above it, and thus decrease the likelihood of erosion.
It is important to note that this rockslide may be governed by a deep-
seated slippage plane (as illustrated in Fig. 57b) which occurs .at a weak-
ness in the bedrock lithology or structure, and in this case any attempt
to stabilise the surface of this inherently very unstable site would need

to reduce shear stress within areas of bedrock exposure.
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The Takapari hill soils extend down interfluves which bound the
catchments of the Southern Ruahine Range, and in Car Park Creek extend down
approximately to the 750 metre contour. Below the 750 metre contour the
Dannevirke hill soils (erosion susceptibility index 2) occur with freely-
draining profiles. The interfluve areas where these soils occur express
a marked decrease in the number of existing érosion surfaces (see Fig. 58).
Also, they are not susceptible to fluvial erosion processes. Thus, this
area is considered to have a "medium risk' of erosion, being less susceptible
than the convex creep slope and steep valley-sides, although more sus-
ceptible than the level to gently rolling areas of the catchments.

The most stable portions of the catchment are:

(1) the interfluves toward the base of the catchment, and their gently
sloping toeslopes, where Dannevirke taxadjunct soils form, and

(2) the summit plateau, of the Southern Ruahine Range, where the Takapari
peaty loams occur.

Table 16 indicates that these soils have lowest soil erosion susceptibility
indices, and Fig. 58 shows that they are in an area where virtually no
erosion surfaces occur, although the Dannevirke taxadjunct soils, where

they extend to the channel wall, may be liable to some fluvial erosion in
the form of channel widening and bank undercutting. These areas with their

associated soils are considered to have a "low risk' of erosion.

In conclusion, much of the erosion which occurs in the Southern Ruahine
Range is associated with specific areas within catchments; the location of
which is related, in part, to the nature of the geomorphic surface (which
is in turn related to the geology) and the characteristics of the soils on
this surface. The convex creep slopes of the catchments where Takapari
hill soils occur, are inherently highly susceptible to erosion in the form
of creep and deep-seated mass movements. The very steep valley-sides of

catchments where Ruahine steepland soils occur are severely eroded.
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Evidernce suggests that erosion occurs recurrently at the same
vulnerable sites; both (1) on the valley-sides and (2) at the heads of
the catchments particularly where the Ruahine steepland soils bound the
Takapari hill soils. Thus maximum benefit from future revegetation
programmes attempting to stabilise eroded and eroding areas will be gained
to concentrating efforts specifically at these sites of maximum erosion
susceptibility. This together with judicious planning of gravel storage
in channel beds and at valley throats appears to be the method best suited

to protection of the productive farmland downstream.
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Abbreviations used in Soil Profile Descriptions

org.
decomp.
dk.

1lt.

wk.
mod .

dev.

mdm.
cse.
extmy
sl.
irreg.

gwk.

organic
decomposed
dark

light
very

weak
moderately
developed
fine
medium
coarse
extremely
slightly
irregular

greywacke

191.
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APPENDIX 1: CLASSIFICATION OF LANDSLIDES/ABBREVIATED VERSION
TYPE OF TYPE OF MATERIAL
MOVEMENT BEDROCK SOILS
FALLS ROCKFALL SOILFALL
) Rotational Planar Planar Rotational
Few Units
SLUMP BLOCK GLIDE BLOCK GLIDE BLOCK SLUMP
SRS DEBRIS FAILURE BY
Many Units ROCKSLIDE SLIDE LATERAL SPREADING
ALL UNCONSOLIDATED
ROCK
FRAGMENTS SAND OR SILT MIXED MOSTLY PLASTIC
Dry [Rock Fragment Sand Loess
Flow Run Flow
FLOWS
RAPID DEBRIS SLOW
EARTHFLOW AVALANCHE EARTHFLOW
SAND OR SILT
Wet FLOW DEBRIS FLOW MUDFLOW
COMPLEX COMBINATIONS OF MATERIALS OR TYPE OF MOVEMENT

(Varnes , 1

958)



APPENDIX II:

13953,

SOIL CHRONOSEQUENCE IN THE WEST TAMAKI RIVER CATCHMENT
(to accompany Fig. 16)

SOIL SYMBOL
(see Fig. 16)

SOIL DESCRIPTION
cm (depth)

LOSS ON IGNITION VEGETATION ESTIMATED
-% of dry soil-.

AGE

soil A 0 +2-0

(see fig. 19)

Ah 0-10

on terrace AB10-29
opposite No.

1 Creek

Bw29-88

organic litter &
humus

dk brown (10YR
3/3); v. stony
silt loam; well
dev. mdm nut
structure; firm;
many roots.

brown/dk brown
(10YR 4/3); v.
stony silt loam;
friable; mod. dev.
mdm nut structure;
common roots.

dk yellowish brown
(10YR4/4) ; stony

silt loam; friable
with gritty feel; mod.
dev. cse blocky; few
roots.

greywacke gravels

greywacke bedrock

25

18

13

podocarp-
hardwood
(many podo-
carps have
been milled
out)

>770yrs

Soil B 0 +4-0

on terrace AhO-17

opposite
No. 2 Creek

AB17-32

Bw32-60

C 60+

org. litter and humus

dk brown (10YR 3/3);
stony silt loam; well
dev. mdm nut structure
friable; many roots

brown/dk brown (10YR

4/3); stony silt loam
friable; mod dev mdm

nut structure common

roots

dk yellowish brown (10

21

15

YR 4/4); stony sandy loam;

friable with gritty feel;

wk. dev. cse.
blocky structure;
few roots

greywacke gravels

11
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SOIL SYMBOL SOJL DESCRIPTION LOSS ON IGNITION VEGETATION ESTIMATED
en (depth) ~-% of dry soil - AGE
Soil C 0 +2-0 org. litter, podocarp-
on No. 2 hardwood
Creek fan Ah0-12 dk brown (10YR (including
2/2); extmy stony rimu, rata, approx.
silt loam; firm; 28 kamahi, 770yrs
mod. dev. mdm coprosmas,
nut structure; pseudopanax,
many roots ferns,
lancewood)
Bwl2-52 dk brown (10YR 3/3);
extmy stony silt
loam; firm; mod. 10
dev. mdm blocky
structure; few
cse roots
C 52+ greywacke gravels
Soil D 0+2-0 org. litter podocarp-
(see figure hardwood
21) AhO-15 v dk brown (10YR 20 (rimu's
2/2); extmly stony dominate; "
on silt loam ; firm; mod. with rata,
Whiteywood dev. mdm nut structure; ferns, lianes,
Creek fan many roots pepperwood)
Bwl5-55 dk brown (10YR 3/3);
extmy stony silt loam; 7
firm; wk dev. mdm
blocky structure;
few coarse roots
C 55+ greywacke gravels
Soil E 0+3-0 org litter podocarp-
hardwood approx.
on No. 1 AhO-10 v dk greyish brown (podocarps 98 yrs.
Creek fan (10YR 3/2); stony loamy with buried
sand; soft-~hard; 10 bases; many
wk dev.f.crumb structure; small shrubby
many roots plants).
1(C) 10-46

greywacke gravels 4

Ahb46-47 v dk greyish brown

(10YR3/2); stony silt

loam; firm with gritty 8
feel; mod. dev. f-mdm

nut structure; few dead
roots.

Bwb 67-104
rown/dl

ctiny €.
J

aevw., T|am

rown (10VR ) :
ity doem; £diowsade

clocyr stricturce, =
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SOIL SYMBOL

S?IL DESCRIPTION

LOSS ON IGNITION VEGETATION ESTIMATED
-% of dry soil-

AGE

cm (depth)
Soil E contd. (2)Cb 104+
greywacke gravels
Soil F 0+3-0 org litter
on Hut Creek
fan (Stan~ AhO-14 v dk greyish Red beech approx.
field Hut) brown (10YR3/2): (Nothofagus 98 yrs
extmy stony loamy fusca)
sand; soft-sl hard;
wk dev. f. crumb
structure; many
roots.
C 14+ greywacke gravels
Soil G 0+3-0 org litter mahoe dominate
with pepper-
on terrace AhO-22 v dk brown (10YR2/2) wood, grasses, 98 yrs
below Hut extmy stony loamy sand; lianes; this-
Creek loose; wk dev f crumb tle; foxgloves
structure; many roots
C22+ fresh greywacke gravels
Soil H 0+1=0 org litter
on terrace AhO-12 v dk brown (10YR2/2)
below No. 1 extmy stony loamy sand; % "
Creek loose; wk dev f crumbs;
many roots
Cla2+ fresh greywacke gravels
Soil J 0+3-0 org litter mahoedominate, < 98 yrs
AhO-12 v. dk greyish brown igfid Lemen= . * S0F e
on Car wood and various
(10YR3/2); extmly
Park Ck 1 M ol B, broadleaves
fan stony loamy sand; sl hard;
wk dev v.f-f crumb struc-
ture; manyfroots
Cla2+ fresh greywacke gravels
Soil K 0+9-0 org litter pasture with

on terrace
below Car
Park Creek
fan

Ah0-10 v dk greyish . brown (10YR3/2);
extmly stony loamy sand; &
loose, wkdev. f crumbs around
roots otherwise structureless;

many f roots

Cl10+ fresh greywacke gravels 3

some remaining "

lemonwood,
coprosmas,
horopito
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APPENDIX IV  NITROGEN MINERALISATION DATA FROM A LABORATORY EXPERIMENT

FOR THE TAKAPARI PEATY LOAM, (Tp)

DEPTH OF

*
SOIL INORGANIC-N 7% OF INORGANIC-N
SAMPLE NH4—N N02+ N03—N
(3 replicates)
average range average range average range
pgN/g air-dry soil 7%
0-20cm 434 422-447 97 92-99 3 1-8
20-50cm 108 103-114 97 97-98 3 2-3

(Macgregor, pers. comm.)
* Inorganic N was measured after incubation for 14 days, at 70"
using the method of Keeney and Bremner (1967).

NOTES

(1) The above data indicate that substantial amounts of nitrogen are
present in the soil, potentially available for plant use.

(2) 1In contrast to normal agricultural soils, a large percentage of the
inorganic-N produced is in the ammonium form.

(3) Nitrification of the ammonium form to nitrite and nitrate can be
inhibited, which may be due at least in part to the following adverse
conditions for microbial activity: 1) a low soil pH, being approximately

4.5,

2) waterlogging, during the winter
months,

3) the presence of certain tannins,
tannin derivatives, phenolic acids
and flavonoids, produced by the
organic matter (Rice and Pancholy,

1974).
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APPENDIX V PHOSPHATE RETENTION VALUES FOR THE DANNEVIRKE TAXADJUNCT,

AND DANNEVIRKE HILL SOILS

SOIL PHOSPHATE RETENTION VALUE
NAME HORIZON %
Dannevirke Ah 83
hill soils

Bw 90 *

Ah 97 *
Dannevirke
taxadjunct Bw 99 *

G 79

* Phosphate retention values >90%; a value suggested by Blakemore (1977)
as a condition which is satisfied when the soils exchange complex is dominated
by amorphous material.

NOTES

(1) High phosphate retention values for the Dannevirke soils suggest that
a large proportion of their exchange complexes are dominated by amorphous
materials.

(2) It is likely that these amorphous materials are weathered from volcanic
ash, within the soil.

(3) When the exchange complex of the soil is dominated by amorphous materials,
the soil may be classified as an Andept (Soil Survey Staff, USDA, 1975)
or Andisol (G. Smith, 1978). This presumably equates with the yellow-
brown loam soil group (alvic soils) of the New Zealand genetic soil

classification.
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