
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



F'lONTPI:<":CE. Oblique aerial photograph of the t~o photographic 
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ana the many other erosion scars are clearly seen. Date of 

photography is ~.~arch 1 9 1 975. 
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AB~'rRACT. 

The aim of this study was to investigate several methods 

o~ potential usefulness in identi~ying some of the ~actors causing 

erosion in two catchments 'typical' of the southern "'luahine Ranges. 

The condition of the southern 1luahine :tan._~ cs, in t he head­

waters of the li:analiatu 1liver catchment, is deteriorating . The state 

o~ equilibrium vrhich has periodically existed between rock, soil, 

slope, vegetation, and climate has recently been upset, and the area 

is now in a state of decline. Unless remedial action is taken 

promptly, ~arm land will go out o~ production, public water supplies 

could be ruined, communications by rail, roo.d, and. telephone severely 

hindered , and the bene~its o~ both the Pohangina- Oroua and Lower 

I.:anawatu Flood Control and Drainage Schemes could be lost. This study 

attempts to establish a basis from which positive steps to recti~y 

the situation can be implemented. 

1.~ethodology involved the use of aerial photography and on­

the-ground observations and 5easurenents . Colour and colour infrared 

~ilm types were compared with standard black-and-white panchro~~tic 

film to establish which was the most suitable to use in determining 

priorities for erosion control. Sequential p anch~omatic aerial 

photographs ':'>e::-e taken in 1946, 1961, 1966, and 1974 . In this moun­

tainous area, aerial photographs are essential tools for determining 

the extent of eroded s~ace s and erosion types. 

Between 19l~6 and 1974 there has been a 120 percent increase 

in area of eroded. slopes in the study area. The vrorst erosion in 

1946 , at which time herbivo:::-ous ma.IIlECals had .had little e~fect on 

vegetation, and in 1974, occurred in the 700 to 900 m altitudinal 

zone. 1his zone has the highest ~ault density in the study area, 

which consists of densely ~aul ted and me1ange-lil--:e rocks. This area 

has also undergone the most draw~tic vegetation changes since 1946 . 

Herbivorous maiD.Eials are considered to be only partly responsible for 

such changes . As a corollary, the h~ghest percent increase in erosion 

has occurred in -the altitudinal zone \;rith t.he most intact vegetative 

canopy. 

A positive relationship between the frequency of medium­

sized earthquakes and increase of eroded areas has been tentatively 
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established. Further, most erosion has occurred during and 

following intense rainstorms. These two fa.ctors are considered to 

be the main ones causing erosion in the ~rea. 

Once factors causing erosion had been established, colour, 

colour i nfrared, and panchromatic film types were compared. Photo­

graphs used in this comp arison were taken periodically throughou t 

1975 using a 35 mm camera. An assessment was made of the capabil­

ities of each film ty-pe to show the following features: alignments , 

eroded surfaces , erosion types, vegetation ~pes and condition, 

rock types, pug zones, seepage areas , and drainage pattern. Colour 

infrared was found to be the most suitable to use whe n deter:nining 

priorities for erosion control. 

A number of salient procedures that should be tmdertaken 

to determine priorities for erosion control are outlined . These 

include aquisition of all sequential photographs , photoGraphy 

using colour in_frared, or preferably, using colour infrared and 

panchromatic film, a. sound knowledge of grotmd condi tions, and 

collation of relevant erosion, geological , botanical , ~1d animal 

ecological data. A system that enables priority for erosion control 

of subcatchments t o be established, using a rating value for 

factors causing erosion, is outlined. 
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SECTION 1 

INTRODUCTION 

1.1 Aim of study. 

The aim of this study was to investigate several methods of 

potential usefulness in identif'ying some factors causing erosion in 

two catchment3 'typical' of the southern Ruahine Ranges. These 

methods are cletailed in such a sequence that priorities f'or erosion 

control can be determined. It was not intended to discuss or 

recommend erosion control procedures. 

1.2 Reasons for inve3ti~tion. 

1. 

The c:ondi tion of' the southern Ruahine Ranges in the headwaters 

of the N.anawatu River catchment is deteriorating. 1~ost of its 

indigenous vegetation has been damaged by herbivorous mammals. Large 

portions cf this protection forest have also died. This has upset 

the state of equilibrium which has periodically existed between rock, 

soil, slope, vegetation, and climate. The area is now in a state of 

clecline. 

The streams that rise in these ranges are heavily laden with 

shingle and. logs which are rapidly feeding into the main river system. 

Unless remedial action is taken promptly, farm land will go out of 

production, public water supplies could be ruined, communications by 

rail, road and telephone severely hindered, and the benefits of both 

the Pohangina-Oroua and Lower Manawatu :B'lood Control and Drainage 

Schemes, in which $12 million (as at 31.3.73) have been invested, 

could be lost. Large fi•·1ancial losses would occur in the Manawatu 

farming area ana. Palmerston North cit,y without the protection of these 

schemes. 

The nation has such a large financial interest in the ~,000 

to 28,000 ha of' fertile, flood free plains in the Manawatu that 

A.L. Poole (1973), Chairman, Soil Conservation and Rivers Control 

Council, stated that: "preservation of the Ruahines is far more 

important than 'saving' Lake Manapouri". 



These brief introductory remarks outline the complex 

situation existing in the southern Ruahine Ranges. This stu~ 

attempts to establish a basis from which positive steps to rectify 

the situation can be implemented. 

1.3 Location of study area. 

The study area, consisting of two catcr~ents, is located 

29 km north-east of Palmerston North, and 18.5 km north of Woodville 

in the southern Ruahine Ranges (see Figs. 1 and 2). The catchments 

are on both side of the range, their common boundary being its main 

divide. 

The Raparapawai catchment is in Woodville County and the 

No. 1 catchment to the west, is in Pohangina County. Both catchments 

are located on the New Zealand Mapping Series (N.Z.M.S.) 1 Sheet N144 

Feilding topographical map. The area is in the southe1~ portion of 

State Forest 24. 

2. 

On the N144 map, the stream at the end of No. 1 Line is 

unnamed. For the purpose of this study it has been named No. 1 Stream. 

The Raparapawai Stream drains into the Manawatu River east 

of tha Manawatu Gorge. The No. 1 Stream drains into the Pohangina 

River, a ma jor tributary of the Manawatu River. 

1.4 Criteria for choosing study area. 

The criteria for choosing the Raparapawai and No. 1 Stream 

catchments as the study area are explained. 

(i) It is important in a study such as this, that the area being 

investigated is 'typical' of the southern Ruahine Range, so that 

conclusions reached can be applied to the whole area, and not 

specifically to the study area. A catchment on each side of the 

range was chosen so that any major aspect factor or factors would 

be noticed. 

After studying the 1946 (1:17,500) and 1966 (1:67,000)~ 
panchromatic (or black-and-white panchromatic) aerial photographs 

=The 1974 (1 :27,000) photographs had not been taken at this stage. 
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Fig. 2. Cblique aerial photograph of the southern 

portion of the southern 'tuahine 'i.anges . Prominent 

peaks ,:!hari te (W), altitude 914- m, and l.:aharahara 

(M), altitude 1,096 mare shown. 

Photo: F .A. Trustum 
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for vegetation distribution and condition, and degree of erosion, 

several poss ible catchments were selected. The Raparapawai on the 

east side, and the No. 1 and Opawe on the west side of the range 

were some of these. The Opawe Stream is 4.8 krn north of the No. 1 

Stream. 

Based on discussions with the staff of the New Zealand 

Forest Service and the Manawatu Catchment Board and Regional Water 

Board, the Raparapawai and No. 1 were finally chosen. Vertical 

5. 

aerial photographs of the two catchments are shown in Figs. 3 and 4. 
The Opawe catchment has been subject to more intensive animal control 

than its surrounding catchments (I.L.Logan, pers.comm.), so that it 

was considered that the vegetation condition and possibly erosion 

pattern may not have been representative of the southern Ruahine Range. 

( ii) The distance from Palmerston North and ease of access was also 

taken into account. This was not a significant criterion for catchment 

selection. The waterfall in the No. 1 Stream was a deterrent at 

first, but once the authors mountaineering skills developed this 

was easily overcome. 

(iii) It was also important that the study area be reasonably 

compact so that aerial photographic flights could be easily executed 

without encountering navigation problems. 

(iv) Although the two catchments could easily be investigated on 

foot, it was impractical to cover them completely with the regular 

photographic flights employed in this investigation(See Section 3). 
A south-east transect was drawn across the two catchments from the 

ends of Loveday Road and No. 1 Line (see Fig.1)o Two areas at the 

same altitude were then selected on this transect for film type 

comparisons. The mean altitude of these is 820 m, within the most 

poorly vegetated and eroded zone of the range. 

1 .5 Methodology of the study. 

At the commencement of this study the author had no 

preconceptions of factors causing erosion in the southern Ruahine 

Range. 

Dr. R.N.Colwell, an authority on aerial photography and 

aerial photo-interpretation, considers that aerial photography used 

Dl conjunction with on-the-ground observation and measurements, is a' 



Fig. 3. Vertical aerial photograph of the 

Raparapanai catchment . Date of Photography is 

Deceober 7 1961. Scale is approximately 

1:22,000. 

Photo: r~~ew Zealand Aerial Fapping. 

(Reproduced wi th permission of Iands 

and Survey Department). 





fig. 4 . Vertical aerial photograph of the r·To. 

1 catchment . · Date of photography is December 

7 1961. No.1 Line is visible on the centre 

left of the photograph. 

1 :22 ,ooo. 
Scale is approximately 

Photo: r.rew Zealand Aerial 1.:apping. 

(Reproduced ~ith permission of Lands 

and Survey Depart~ent). 





valuable aid in obtaining an inventory of natural resources in 

undeveloped lands (Colwell,1960). This approach of combining aerial 

photography and field work was used to identify some factors causing 

erosion in the No.1 and Raparapawai catchments. 

In photography of an area undergoing change, particularly 

i~ access is di~~icult, it is vital that the maximum amount o~ 

information be recorded. For this reason, film types were compared 

to establish whether or not they are capable of recording i~£ormation 

more effectively than the standard. panchromatic ~ilm type. The 

other film types assessed were colour and colour infrared. 

Field work commenced in February 1974, when a reconnaissance 

o~ the study area was made. Following this a ~urther eleven days 

in 197q- were spent in the field. Most o~ the detailed investigations 

and measurements were made while living in the area ~or ten days 

during January 1975. Periodically throughout 1975 a ~urther eight 

days were spent in the ~ield obtaining information and observing any 

changes. 

a·. 

The existing sequential vertical aerial photographs o~ the 

whole study area that were used ~or photo-interpretation are shown in 

Table 1. Run and photograph numbers are app~nded (See f ppendix 1). 

These photographs were supplemented by vertical and oblique negative 

panchromatic, and positive (reversal)colour and 7our in~rared aerial 

photographs taken by the author at various times dtiTing the study 

period (see Section 3). 

Table 1 - Sequential aerial photographs of study area. 

Date flown Scale Film type Focal length 

9.10.46 1:17,500 Panchromatic 209.7 mm 

7.12.61 1:44,000 Panchromatic 114.3 mm 

26.1.66 1:67,000 Panchromatic 114.3 mm 

28.3.74 1:27 ,ooo Panchromatic 209.7 mm 



S E C T I 0 N 2 

REVIEW OF LITERATURE ON THE USE OF CCNVENTIOl'i!AL AERIAL 

PHOTOGRAPHY FOR EROSION AND RELATED STUDIES 

2.1 Introduction 

Conventional aerial photography is derined here as aerial 

photography taken rrom aircrart using film types sensitive to 

400 to 1,000 nanometers (nm) of the electromagnetic spectrum. 

Aerial photographs, which present a complete map as well 

as a three-dimensional model of an area, are essential ror erosion 

and related studies (Vink,1968; Vinogradov,1968)o In mountainous 

areas aerial photographs are particularly userul because they 

largely overcome access and ground visibility problems. Other 

advantages of aerial photographs in erosion investigations 

mentioned by Liang and Belcher (1958) are: 

(i) Catchment and erosion boundaries can be readily delineated. 

(ii) 

(iii) 

Surface and near-surface drainage channels can be traced. 

Important relationships in drainage, relief, and other 

natural and man-made elements that are seldom correlated properly 

on the ground become obvious on aerial photographs. 

(iv) Field investigations can be effectively planned. 

(v) Sequential photographs illustrate changes in erosion and 

vegetation. 

(vi) Aerial photographs can be studied at any time, in any place, 

and by any person. 

(vii) Through aerial photographs, erosion information can be 

transmitted to others with a minimum of ambiguous description. 

There are limitations however when interpreting aerial 

photographs, some or these are: 

(i) Experience or interpreter, both in photograph interpretation 

and rield knowledge or area under study. These aspects have been 

discussed by Benninghoff (1953), Rogers (1953), Lueder (1959), 

Colwell (1960), Miller (1968), Vink (1968),and Vinogradov (1968). 

9. 
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(ii) Scale o~ photography is important. Miller (1968) consi~ers 

the larger the scale, the more discernible are details o~ slope, 

dissection, eroded su~aces, vegetation, and tonal variations. Large 

scale, however, makes it more d~~icult to study regional relationships 

and characteristics. He sugges ted the use o~ two sets o~ photographs, 

at appreciably di~~erent scales, ~or the study of an area. Miller 

(1968) also indicated that confusion may arise i~ such a multiple 

coverage has been obtained during different seasons and time o~ day. 

Vinogradov (1968) suggested the ~ollowing scales ~or 

various studies: 1:1 1 000 to 1:3,000 ~or vegetation cover structure 

research; 1:101 000 to 1:201 000 ~or detailed geological, ~orestry, 

and soil mapping ; 1: 20,000 to 1:30,000 for reconnaissance mapping; 

and smaller scales for regional mapping. A. Cunningham (pers.comm.) 

has found large scale photography (1: 4-,000) the most suitable ~or 

mapping erosion surfaces in the Kaweka Range . Poole (1969) considers 

t hat 1: 20,000 aerial photographs are suitable for re cognition and 

positive id.entification of erosion types, and 1:10,000 or larger ~or 

microstudie s o~ slope failure phenomena. 

(iii) Quality is one of the most important properties of an aerial 

photograph. Quality, especially poor quality, imposes a firm limit 

on what can be seen and how well it can be seen. The quality of a 

photograph depends largely on the type of camera, film and filter 

properties, conditions o~ exposure, season, and time o~ day 

(Spurr, 1960; Heller, 1970). Colwell (19~~), however, is of the 

opinion that tone, colour, image sharpness, and stereoscopic parallax 

characteristics are the primary ~actors governing the quality o~ 

photographic images. 

Carroll (1973) lists several disadvantages of photographic 

sensors, these are: 

(i) For conventional aerial photography, sunlight and clear 

cloudless weather are needed. Radar mapping is not dependent on 

these ~actors. 

(ii) Photographic sensors cover or~y the visible and near-

i~rared portion of the electromagnetic spectrum. More i~ormation 

is obtained ~rom thermal infrared and microwave sensors. 

(iii) Photography does not lend itself to automatic analysis, 



unlike other sensors whose output can be sto1~d direct~ on magrietic 

tape as well as displayed visually. 

(iv) Nonphotographic sensors are capable of recording more 

information. The number of discernible density gradations that are 

possible with various photographic methods are shown below 

(Holter, 1970): 
Panchromatic film 

Colour film 

Nonphotographic multispectral sensor 

2 1.2 x 10 states 

6.4 x 104 states 

1012 
states 

(v) Photographic sensors only record ground surface information. 

Some nonphotographic sensors can record subsurface information. 

2.1 Film types used in conventional aerial Ehotography. 

In the past, for reasons of both cost and state of the 

technology, most ac~rial photographs have been taken on panchromatic 

film, and most prints made on a paper base. In recent years the 

technology has improved and costs have decreased (Allum, 1970). 

This provides for a choice of film types to expose and method of 

printing. Carneggie and Lauer (1 966 ) and Fritz (1967) have reviewed 

research projects that used these new recording techniques. 

Carn.eggie and Lauer ( 1966) compared the advantages of mul tiband 

sensing for forest and range inventory surveys , as well as giving 

instructive examples. 

Films can either be negative or positive (reversals). 

With negative :fil.'ms, tonal qualities on the final print can be 

altered in processing (Mott, 1966). Positive film, however, is more 

exposure critical, and the processing procedure is less tolerant. 

Thus once a positive film is exposed , the tonal qualities on a final 

print can be changed very little. This is an advantage negative 

film has over positive film. Furthermore, from negative colour film, 

high quality colour and black-and-white prints can be obtained. 

However, Welch (1968) considers that transparencies 

(from positive film) are preferred to prints by most professional 

photo-interpreters and photogrammetrists. Positive transparencies 

viewed by transmitted light offer a greater wealth of detail and in 

roll form are easier to handle than a set of prints. :t.:ul tiple 

internal reflections of light trapped between a reflecting base and 
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the surface of an emulsion layer considerably reduces definition in 

both black-and-white and colour prints, giving transparencies a 

greater definition. Welch (1968) found that colour and panchromatic 

film negatives had to be enlarged 4X through a high quality enlarger 

lens before their lack of sharpness equalled that of a paper print. 

Because of their greater definition, transparencies can be subjected 

to greater optical magnification. 

Panchromatic films utilize the visible part of the el8ctro­

magnetic spectrum (400 to 700 nm). Images on panchromatic 

photographs are in va~ing shades of grey, with each tone comparable 

to the density of an objects colour as seen by the human eye. These 

films provide reasonably good tonal contrast, a wide exposure 

latitude, satisfacto~ resolving power, and low graininess (Ave~, 

1968). A minus-blue (yellow) filter, which cuts haze, is generally 

used with ti1is film type. Colwell (1965) considers that 

panchromatic-minus-blue is the best film-filter combination for 

general purpose use. 

Gas molecule s in the atmosphere scatter light at a rate 

inversely proportional to the fourth power of the wavelength 

(Rayleigh effect), which affects sensing of the ultraviolet and 

blue portions of the electromagnetic spectrum more than sensing of 

the longer wavelengths (red and infrared). This explains why most 

panchromatic aerial photography is exposed through a fil ter such as 

the minus-blue, reducing the fogging effects that haze causes on 

aerial exposures (Heller, 1970). 

Infrared film is primarily sensitive to blue-violet and 

infrared light radiation. When exposed through a red filter, 

exposures are made of the red and infrared wavelengths only 

(700 to 900 nm), so that it is generally described as 'near infrared' 

(Ave~, 1970). The grey tones on infrared film result from the 

degree of infrared reflecthreness of an object, rather than its 

true colour. Broadleaved vegetation is highly infrared reflective 

and therefore photographs in light tones, coniferous vegetation 

tends to absorb infrared radiation and consequently registers in 

dark tones. This enables conifers to be easily distinguished from 

hardwoods (Colwell, 1960; Haack, 1962). Infrared film normally 

penetrates haze better than panchromatic, but it will not penetrate • 
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extremely dense haze or clouds. This ~ilm is inexpensive and easy to 

process. However, it does su~er from the disadvantage that it is 

somewhat 'grainy' and does not show the same degree o~ contrast as 

infrared colour film (Brooks, 1972), panchromatic and colour film 

(Avery, 1968). 

As there is little diffuse light in the infrared part of the 

electromagnetic spectrum (Rayleigh' s Law), there is very little 

diffuse or 'scattered' light to illuminate shaded areas. This 

inability to see detail in shaded areas is regarded as a major 

limitation of infrared aerial photographs (Colwell, 1960). 

Colour films are generally reversal films of the subtractive 

type. They are sensitized to all visible c olours , and provide 

positive transparencies (reversals) with natural colour rendition when 

properly exposed and processed. They have a limited exposure latitude 

compared with black and white emulsions, and should preferably be 

exposed under conditions of bright sunlight (Avery, 1968; 1970). 
However, Mott (1966 ) states that "when cloud and aerial haze 

conditions are satisfactory for panchromatic air photography, they 

are also satisfactory for colour". An ultraviolet or skylight filter 

is normally used with colour film to cut haze. Sorem (1967) has 

outlined the principle s of colour aerial photography. ~ay (1960), 
considers that colour photographs have an i mportant inherent advantage 

over panchromatic, in that the human eye can distinguish about 1,000 
time s as many tints and shades of colour as it can differentiate tints 

and shades of grey. This provides a more varied stimuli to the 

interpreter. Brock (1 952), Lueder (1959), and Fezer (1 971 ) warned, 

however, that in interpreting a colour photograph, there is some 

danger of neglecting details which woQld be clearly seen in a pan­

chromatic picture. Fezer (1971) considers that colour offers an 

important advantage if the relief can be indirectly recognized via 

the vegetation pattern. 

Colour infrared film comprises three image layers. The top 

layer is the cyan-forming layer, sensitive primarily to the near­

infrared radiation; the middle layer is yellow-forming, sensitive to 

green visible radiation; and the bottom layer is magneta-forroing, 

sensitive to red visible radiation . Thus two of the three layers are 

sensitive to visible radiation. Normal colour film has three l ayers , 



14. 

which are sensitive to visible blue, green, and red radiation. 

Misunderstandings about this film can arise if it is not 

realized that changes in reflectance in the visible part of the 

spectrum are as important in determining film colours as are changes 

in the infrared (Knipling, 1969). 

Because of reversal processing during the film development 

procedure, the dye of an emulsion layer does not form if the layer 

was exposed to the radiation to which it is sensitive. All three 

emulsions of the film are sensitive to visible radiation below 

500 nm. These wavelengths are eliminated by using a minus-blue 

(yellow) filter over the camera lens. Thus objects reflecting only 

blue radiation do not sensitize the emulsion and the dyes in all three 

layers form. Each layer acts as a discreet colour transparency or 

subtractive filter and when all three are superimposed, no light 

can be transmitted. Thus the image of blue-reflecting objects 

appear black. 

An object that reflects only infrared energy will expose 

the cyan layer, leaving the yellow and magneta layer which combine 

in a subtractive mi xture to form a red i mage when viewed by 

transmitted light. Blue i mage colours result from the reflectance 

of green radiation, and green i mage s result from red radiation 

reflectance. This film is sometimes referred to as 'false colour' 

(Avery, 1968). 

Colour infrared film has several disadvantages compared 

to normal colour film. The first of these is that exposure 

latitude is very limited (t 1/2 stop) (Brooks, 1972; Harris and 

Haney, 1973), and unless exposures are correct, disappointing 

results will ensue. Specialists generally have to be sought to 

process this film as most commercial concerns do not want to be 

concerned with it. Other disadvantages are that the infrared­

sensitive image layer is somewhat unstable, has a short half life, 

and must be kept cool at all times. The positions for optimum 

focus are also different for the infrared image layer and for the 

other two layers (Brooks, 1972). 

However, in spite of the above difficulties, Brooks (1972) 

has stated that good results can be obtained. by relatively unskilled 



personnel using conventional cameras operated from a light plane or 

helicopter. 

Hunter and Bird. ( 1970) investigated the photo-interpretation 

elements of tone and texture in colour and colour infrared films. 

These workers established that colour and colour infrared have 

significant advantages over panchromatic films for terrain data 

acquisition. 
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A two l ayered film, sensitive to both infrared and visible 

light used in the U.S.S.R. is referred to as spectrozonal (:r.Iott, 1966). 

Multiband or multispectral photography are terms that refer 

to the simultaneous use of two or more sensors designed to produce 

imagery from different parts of the electmagnetic spectrum 

(Colwell et al., 1966). Maximum enhancement of particular sub jects 

under study can be obtained from multispectral images (Curtis , 1974). 

Multispectral image s can be re-combined to provide black and white, 

or by colour addition, reconsititued colour images on an additive 

colour viewer (I2S) (Yost and Wenderi th , 1968). 

:Multispectral reconnaissance encompasses more than improved 

cameras, sharper lenses, or faster films. I n addition to conventional 

aerial photographs , L~terpre ters are analysing i mages from manned 

space flights, from orbiting satellite s, and from thermal and radar 

systems . Such imagery may be obtained from portions of the electro­

magnetic spectrum several million times wider than is available to 

ordinary camera systems (Leanardo , 1964.). These sophistica ted 

sensors have been discussed by Carneggie and Lauer (1966), 

Colwell (1 968),and Avery (1968). 

2.3 Use of conventional aerial photography in erosion studies . 

One of the earlier publications that referred to the use of 

aerial photography in erosion studies was that of Gouf'fon (1953). He 

delineated areas of severe and moderate gully erosion in the Beech 

River catchment, Tennessee, and was able to calculate probable erosion 

control costs. This use of aerial photography was found to be accurate, 

simple, qui ck, and relatively inexpensive. In a more recent 

investigation, Totterdell and Nebauer (1973) used colour and colour 

infrared films at large and medium scales (1 :3,550 and 1 :12,000). They 

also found aerial photography to be a quick and accurate method of 
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assessing the erosion status and condition o~ plant communities in the 

Kosciusko National Park, Australia. These workers established that 

aerial photography costs were small compared to the inf'ormation 

obtained and the planning that could result. 

Landslides can be recognized on aerial photographs by the 

~allowing ~eatures (Liang and Belcher, 1958; Dishaw, 1967; Breitag, 

1968 ): their characteristic shape and striated texture, a sharp line 

o~ break at the scarp and hummocky relie~ o~ the sliding mass beneath 

it, the elongated depressions in the mass, abrupt di~ferences in 

vegetation and tonal characteristics between t he landslide and ad­

joining stable areas, bulging toes, irregular shoreline o~ lakes, and 

the inclined positions o~ trees in l andslides which are o~ten dis­

cernible . Poole (1969) discussed criteria ~or recognizing the 

~allowing ero s ion tYPes on aerial photographR: sheet, rill , gully, 

creep, ~low, slide, and ~alls. 

On the aerial photographs taken immediately a~ter the 

Alaskan earthquake (27.3.~), the most conspicious ~eatures were the 

2,036 avalanches, snow slides, and rock slides. These were probably 

triggered by the earthquake and/or subsequent a~ter shocks (Hac::Cman, 

1965). Avalanches were di~~erentiated ~rom slide s by their limar 

pattern and generally greater length. The length o~ the longest 

avalanche was 4.83 km. Other ~eatures recognized on the aerial photo­

graphs were recent ~ractures near the snouts o~ some glaciers, cracks 

i n surficial material , pressure ridges in lake ice, and activated 

~ault lines. 

1iany landscape ~eatures peculiar to regions under intense 

~rost climates are o~ten well displayed on aerial photographs. 

Studies o~ micro-relie~ ~eatures produced by ~rost action and surveys 

o~ surface indicators o~ permanently ~rozen ground have relied to a 

large extent upon aerial photo-interpretation (Spurr, 1960). In these 

regions, soli~luction is recognized by the molasses-like ~low 

patterns, disrupted vegetation cover, and irregular surfaces upslope 

~rom the leading edge. In areas o~ intense ~reezing and thawing, rock 

shattering leads to the ~ormation o~ rock screes, which are readily 

identi~ied on aerial photographs, where they appear as steep regular 

slopes, o~ten poorly vegetated and with steeper slopes and/or rock 

bluf~s at their head. 



The collective effect and feather patterns of rill erosion 

appear as changes in colour tones on aerial photographs, and are 

easily recognized (Lueder, 1959). The extent of gully erosion is 

readily mapped fro m aerial photographs with a minimum of field work 

(Bergsma, 1970). 

According t o Fezer ( 1971), the beginning of soil erosion 

caused by the hooves of cattle can be seen on aerial photographs of 

sufficiently large scale. Where continued soil creep causes a belt 

of broken ground, it is readily identified on aerial photographs, 

but not so easily appreciated from the ground. Similarly, sheet 

ero s ion i s easi1y overlooked on the ground because there is no 

striki ng relief changes as t here is in gully erosion, but is easily 

noticed on aerial photographs (Lueder, 1959; Bergsma , 1970). 

Erb (1968) found that aerial photographs were most effective 

in de t ermining t he processes of mass-wasting in Jamaica . Soil 

:flowage associated with faulting and rock slide/slump phenomena are 

two f'eatur es that were most clearly illustrated on photographs. 

I n New Zeal and, Stevens (1974 a) has described. 'fossil 

l andslides' being vi sible on aerial photographs. The se were fo rmed 

during t he last stadial climate 14,000 to 15,000 years B.P. 

Detailed interpretation of large scale (1:640 to 1 :1,000) 
70 mm colour and colour infrared. aerial photographs (Carneggie and 

Reppert, 1969) showed the following soil surface f eatures: surface 

erosion, rockiness, disturbance by graz ing animals, rodent burrows 

and tracks, animal droppings, and dead leaf materials. 

Totterdell and Nebauer (1973) reported that the scale of 

photography was an important factor in determining the cost of 

eros ion control accurately, because the area of eroding landscape 

had to be estimated. Liang (1959) and Mike (1968) also mentioned 

scale as a limiting factor in landslide studies when trying to 

determine causes of movements and formulate corrective measures. 

Liang and Belcher (1958), Eastman Kodak Company (1968) and 

Nossin (1972) consider that an investigation of existing landslides 

in an area gives an excellent basis for evaluating the possibility 

of future landslides. The features of an old landslide are similar 

17. 



to those of new slides except that they are not as fresh or striking. 

The degree to which vegetation and drainage are established on the 

slide also helps determine the relative age and stability of the 
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eroded land. Once an old landslide is located on photographs, it 

serves as a warning that the general area has been unstable in the past 

and that new disturbances may initiate new slides. 

Kojan et al. (1 972 ) described a study in the Santa Ynez-San 

Rafael Mountains, California, where they 

(i) evaluated the effectiveness of a technique, based entirely 

on aerial photo-interpretation , for the recognition, classification 

and delineation of ' active ' and 'dormant' debris slides using various 

diagnostic morphological features; 

( ii ) evaluated the utility of geomorphic criteria for forecasting 

the loci of future landslide incidence ; specifically, to test the 

hypothesis that debris slides within the test area are most likely to 

occur in the future where they have occurred in the past. Kojan !:.! al. 

(1 972 ) found that 

(i ) aerial photo-interpretation (in the absence of any field work) 

was an effective and accurate method of recognising, classifying and 

delineating debris slides; 

( ii) it was possible to predict the site of future landslides accur-

ately on the basis of geomorphic evidence of past activity. Vertical 

panchromatic 1:17,000 and 1:11,000 aerial photographs were used in 

this ~tudy. 

In :rv:alaya, Kee ( 1962) demonstrated how aerial photographs 

can be used to detect potential landslides. The failure of slopes 

was characteristically preceeded by the formation of tension cracks , 

often associated with indiscriminate clearing and removal of pro­

tective vegetation. At photographic scales of 1:5,000, and on sur­

faces free from undergrowth, these tension cracks were imperceptible, 

but the exposed laterite soils (within which the tension cra cks form) 

stand out distinctly in light tones, different from the virgin 

vegetation of the adjacent undisturbed and stable land. 

Bergsma (1974) demonstrated at two localities in Spain and 

at one in Texas, that soil erosion features may occur in a regular 

sequence on hillslopes. Interpretation of med.ium scale (1 :10,000 to 

1 :35,000) aerial photographs , taken during ~~e correct season, can 

. I 

I 
I 
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show the areas where an erosion sequence occurs. This enables the 

detection of erosion-prone hillslopes in an area where similar hill­

slopes have eroded in the past. Bergsma stated that the presence or 

absence of an erosion sequence depends on the runoff conditions. 

The timing of an aerial photographic coverage is also useful 

in erosion studies (Colwell, 1954). Sequential aerial photographs 

have been used in erosion studies by many workers, some of these are: 

Richter (1962), Brundall (1966), Vink (1968), O'Loughlin (1969), 
Bryant (1971), Fezer (1971), James (1973), ~olston (19731 and 

Swanson and Dyrness (1975). 

Richter (1962) found sequential aerial photographs useful 

in recognizing incipient sj_gns of gully erosion; dark coloured 

grooves on the photographs had developed into gullies within a 

period of five years. Brundall (1966) used sequential aerial photo­

graphs to approximately date recent debris flows in the Cass Basin, 

Canterburf . O'Loughlin (1969) studied streambed changes, and James 

(1973) determined the increase in eroded surfaces between 1946 and 

1963 i n the Ruahine Ranges using similar approaches. Fezer (1971) 
has cited many instances where sequential aerial photographs had 

been used in the study of wind and sand dune erosion. Sequential 

aerial photographs can also be used to show the effectiveness of 

erosion control works. 

Komarov (1968), Bergsma (1970), and Higginson (1970) are 

some workers that have used aerial photographs to map erosion 

types and severity of erosion . In his survey of the Shoalhaven 

Valley, New South Wales, Higginson (1970) relied primarily on 

stereo scopic interpretation of aerial photographs to map seven 

erosion cl~sses, as well as nine land use and seven slope classes. 

Nakano (1968) mentions the use of aerial photographic analysis to 

investigate landslide and landcreep erosion in Japan. Using 

photogrammetry, Rice~~· (1969) studied microtopographical detail 

in an erosion study in Southern California; they used 1 :5,000 
panchromatic aerial photographs. 

Totterdell and Nebauer (1973) found that colour infrared 

was superior to colour aerial photography for detecting recently 

eroded areas and naturally occurring feldmarks in the alpine tract 

of the Kosciusko National Park. 



Vlobber ( 1975) described a study where the New Jersey 

Department o~ Environmental Protection used aerial photography ~or 
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the assessment o~ shore erosion/accretion ~or the allocation o~ coastal 

zone ~unds. This study showed that in developed beach areas (groins, 

jetties, etc.), erosion had in ~act occurred more o~ten, was generally 

severe, and that the beach was slower to recover than in a natural 

beach setting. 'Wobber ( 1975) also discussed the State o~ 

Pennsylvania's remote sensing programme in subsidence detection or 
mined lands. Colour, colour i~rared, and multispectral imagery were 

used in this programme. 

2.4 Use o~ conventional aerial photography in geological studies. 

A vast amount has been written on the use o~ aerial photo­

graphy in geological studies. Aerial photographic texts by Tator 

et al.(1960), Avery (1968), Lueder (1959), and Spurr (1960) devote 

279 pages to photogeology. 

Geological interpretation is based on the ~undamental 

r ecognition elements o~ photographic tone, colour, texture, pattern, 

relationships o~ associated ~eatures, shape, and size. Although 

oblique photographs are often used by the photogeologist, roost 

detailed analyses make use o~ vertical photography (Avery, 1968). 

Geological features that can be mapped ~rom aerial photo­

graphs include rock types, faults, ~olds, dikes, veins, unconrorm­

ities, and contacts. Avery (1968) describes how strj~e and dip 

measurements for sedimentary beds and faults can be determined on 

good quality aerial photographs at the correct scale. Parvis (1950) 

reported on the value of seeing drainage patterns on aerial photo­

graphs ~or the identi~ication of regional bedrocks and soils in 

various physiographic regions of America. 

When properly used in geologic work, aerial photographs add 

speed, economy, and accuracy to mapping and exploration, as well as 

certain geologic information that is impossible, di~ficult, or 

economically impracticable to obtain by routine field mapping methods 

(Ray and Fischer, 1957). Allum ( 1962) claims that aerial photographs 

provide geological data which in practice is unobtainable in any 

other way, and that they should be regarded as geological research 

instruments in their own right, and not merely as aids to other 



geological work. 

One of the first important geologic interpretation studies 

fro m aerial photographs was a reconnaissance study of 13,500 km
2 

in New Guinea, which commenced in 1 935 (Ray and Fischer, 1957). 
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Komarov (1968) reports that the vast inaccessible areas of 

the Soviet Union have been covered by geological survey in the last 

decade. This was considerably facilitated by the extensive use of 

aerial photography. This worker stated that the existing regulation 

(in Russia ) now r equires all establishments producing geological 

maps on a scale of 1 :25,000 or less to use aerial photography in 

combinat ion with othe r methods of survey. The film normally used 

in these surveys is panchromatic, a lthough for detai led surveys 

colour and spectr ozonal aerial photography are used. 

Nakano (1968) mentioned the extensive use of aerial photo­

graphy for geological mapp ing in Japan. This is supplemented by 

fieldwork to determine the significance of geologic features seen 

on the photographs. 

Preliminary results of a study detP-rmining the geologic 

uses of colour aerial photography, conducted by the United States 

Geological Survey (Fischer, 1958), showed that photo-interpretation 

of' colour photographs could be made with more assurance than with 

panchromatic photographs . J,:any colour differences clearly visible 

on colour photographs were manifested as slight tone differences on 

panchromatic photographs, and t he interpreter often ignored slight 

tone breaks on the panchromatic photographs, which were shown to be 

significant by colour photography. 

In an investigation to determine the relative value of 

colour and colour infrared aerial photography for geological pur­

poses , Allum (1970) found that negative colour photographs, which 

provided the option of true colour or cheap black and white (colour) 

prints , or both, offered advantages both for interpretation and 

annotation . This worker also cited the findings of other photo­

geologists with regard to the suitability of various types of film 

for geological studies. Colour and colour infrared were generally 

found. to be superior to panchromatic films. 



Norman (1968) considers that there are many ~actors which 

a~~ect the choice o~ photography ~or geological purposes. The best 

choice can only be made with experience and judgement, because each 

geological projec t is unique in its demands. 

Colwell (1965) and Komarov (1968) described a technique to 

overcome this problem in geological studies. It involves a spectro­

photometric or densitometric analysis of the terrain to be mapped, so 

that the film-~il ter combination and time o~ photography to give the 

desired tonal contrast can be determined. Such a method can also be 

used for soil, vegetation, and erosion aerial photography surveys 

(Vinogradov , 1968 ; Gates, 1965; Hunter and Bird, 1970). 

Cole et al.(1974) described how remote sensir~ tenchiques 

assist in mineral exploration. These workers discussed how ore 

bodie s were located in the vicinity of the Dugald River Lobe, 

Australia , using the spectral signatures of vegetation species: these 

were most easily recognized ana. identified on colour infrared film. 

Trees which had distinctive dark red signatures on colour infrared 

film, were ~ound to be growing on zones o~ copper mineralization. 

Liang and Belcher (1958) reported that most o~ the land­

~orms susceptible to landslides in America, are readily recognized 

on aerial photographs. They summarized the identi~ying element s and 

significant ~acts al1out each. It was ~ound that, in general, the 

landforms most s uscep ti ble to landslides are basal tic lava flows, 

serpentine, clay shale , and tilted sedimentary rocks. Other land­

~orms, such as glacial deposits, terraces, lake beds, and loess, 

were ~ound to be susceptible occas ionally, depending on local 

conditions. 

Tator et al.(1960) discussed how the erosion o~ landforms 

is often very use~ul to the photo-geologist, particularly in the 

identification o~ secondary tectonic ~eatures, namely, those ~ormed 
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by other ~actors acting on f'aul ted rock. Such landforms include ~aul t 

line valleys, ~ault line gaps, fault induced dissection, ~ault induced 

deposition, and topographic ~aul t line outliers. Many of these 

~eatures can not be apprec iated on ~~e ground, but are readily 

captured on aerial photographs. ~ross ( 1951), Lensen ( 1958), Ray 

and Fischer (1960), Orbell (1962), Paarma et al.(1968) and Allum 

(1970) have described how to map ~aul ts and lineations recognized 



on aerial photographs. Fohn (1970) ~ound a ronchi grating ve~ 

use~ul ~or mapping strike directions o~ obscure ~aults. 

2.5 Use of conventional aerial photography in soil studies. 

It is over forty years since soil scientists in the U.S.A., 

U.S.S.R., Australia, and England began to systematically examine 

the value of aerial photographs as aids to soil mapping (Carroll, 

1973 ) . Vink (1968) and Carroll (1973 ) consider that field studies 

of soils today are unthinkable without the use o~ aerial photo­

graphy. 
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Buringh (1 960 ) and Vink (1968) have contributed much to the 

use of aerial photographs in soil scien:)e, especially soil survey. 

The soil survey procedures of Buringh (1 960) have defined clearly the 

value of photographs at d.iff'erent scales of survey. Both workers , 

however, recognize the limitations of photo-interpretation, Buringh 

insistj.ng that "pho to-interpretation is guesswork, whe reas soil 

survey is not" (Vink, 1968 : p .90). Both workers recognize that 

deductions from aerial photographs are valuable in locating soil 

boundaries. 

Kristoff atid ZachaFJ (1974 ) were quickly able to identify 

gross variat ions in soil features with a computer-aided classification 

of multispectral scanner data ( 12 bands, 400 to 1, 000 nm). 'J'hey 

r egarded this technique as augmenting, rather than replacing trad­

itiona l soil mapping. 

Aerial photographs have been described as an indispensible 

tool in the study of patterned ground in East Anglia (Perrin, 1962 ). 

Vinogradov (1968 ) has established that the use of aerial 

photography increases the speed of soil mapping by a ~actor o~ 2 to 

3, and decreases the amount o~ necessary soil sampling in the field by 

60 to 70 percent, especially at medium scales. Rijkse (1962) also 

considers that aerial photography is a valuable aid in obtaining 

quicker results while mapping soils in the ~ield. 

Detailed soil surveys in mountainous areas are greatly 

~acilitated by the use of aerial photographs (Retzer , 1962; Coen, 1973), 

but because o~ the l arge amount o~ photo-distortion in areas o~ high 

relief , an accurate transfer of boundaries to planimetric base maps is 
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di~f'icult. However , prints made by orthophotography (see Spurr, 1960: 

p.219), which provide an a ccurate planimetric map of stereoscopic over­

lap, could be used a s a base ~or a~curate superimposition of soil and 

veeetation boundaries, con~ours , ge ol ogical data, and eroded areas. 

In some respects the value of photo-interpretation is inversely 

proportinal to the scale of a soil survey (Saintilan , 1972). 

~econnaissance soil surveys rely heavily on photograph deductions for 

interpolation and extrapolation ~rom field traverses , whereas in 

detailed surveys the emphasis will be on ~ield work. Some fiel d 

ob servations will always be necessary. It is much easie r to study 

photographs than soils, "but dig we must" (Kellog, 195h.). 

Frost et a1 .(1 960) outlined in some detail the patte1~ --
elements used in the photo-interpretation o~ the four principal 'soil 

cla sses ': eolian, alluvial, glacial , and residual soils formed in 

place. The pattern elements included l andform, drainage , erosional 

features, vegetation, photographic tone, and land use features. These 

workers also described the nature and regional aspects of each class. 

Evans (1 974) discus sed the importance of timing of aerial 

photography ~o record soil variability revealed by tonal differences 

in bare soil and differential crop growth in England. Evans found 

that for aerial photographs to record soil tone patterns and changes 

they must be taken in winter and spring, the best months being March 

and April. Crop patterns were best recorded in July and August. 

Myers et al .(1966) have shown that available soil moisture 

can be determined by detecting vegetation condition. These workers 

established that moisture stress changed vegetation reflectance 

patterns . }f.oisture stress apparently causes physiological changes 

in leave s that influence the ref'lectance of' solar radiation f'rom t he 

canopy. There is a decrease in infrared ref'lectance f'ro~ the plant 

canopy with increasing moisture stress. 

Dominquez (1 960 ) presented one of' the earliest comparisons 

of' colour and panchromatic photography at t he relatively large 

scale of 1:5,000. He concluded that soil series within his test 

area (a forested region of' the Calif'ornian Sierra Nevada mount ains) 

could be quite accurately mapped using surface colours visible on 

aerial colour photography as the primary criterion. Dominquez (1960l 
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also ~ound the use o~ colour aerial photography was more accurate and 

increased the speed with which soil boundaries could be delineated. 

Anson (1970) determined that colour- aerial photography had 

two rr~in advantages over panchromatic ~ilm: it allowed greater soil 

di~~erentiation and gives the interpreter more confidence in his 

decis i ons. This work showed , however, that colour in~rared photo­

graphy was unequalled ~or the di~~erentiation o~ bare soil. Totterdell 

and t.:-ebauer ( 1973) reached similar conclusions to Anson ( 1970). 

Parry et al.(1969 a) demonstrated the advantage o~ colour 

over panchromatic aerial photography ~or identi~ying and plotting 

soil boundaries, di~~erentiating soil types, and distinguishing 

variations in soil moisture and organic content. KLilil (1970) showed 

the superiority of colour stereoscopic aerial photography over both 

panchromatic and colour infrared ~or interpreting soil d.rainage classes 

and for classifying slopes. 

Mintzer ( 1968) suggested the use o~ colour infrared f'ilm 

~or studies of l andform, drainage systems, and vegetative cover , 

and colour film ~or gully shape, gradient , erosional features,and 

na.tural colour o~ soils. 

In arid areas of Australia, Brooks (1972) has shown that 

underdeveloped colour infrared ~ilm can be used to di~~erentiate soils. 

On underdeveloped images, soils derived from serpentine appear as blue­

green, whereas those ~rom gabbro or basalt show as green areas with a 

tinge of yellow. 

In an investigation to determine the value of multispectral 

photography for soil surveys in the Tologa Bay area, Gisborne, 

Rijkse (pers. comm. ) ~ound black-and-white infrared photography, using 

spectral bands 700 to 800 nm and 800 to 1,100 nm superior to other 

~ilm types. Soils o~ poorly drained areas, i.e. ~ans and levees, were 

most easily id.entified on these spectral bands. However, using an 

additive colour viewer (I2S), maximum enhancement o~ the above 

~eatures was also possible, aiding interpretation of the multispectral 

photographs. 

2.6 Use o~ conventional aerial photography in vegetation studies. 

Aerial photography was ~irst used to map vegetation in 1887 
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(Spurr, 1965). In the opinion of Spurr (196o), aerial photographs 

are a unique tool for surveying vegetation and interpreting patterns 

of vegetation in relation to other landscape features. Aerial photo­

graphs provide a precise representation of forms and spatial arrange­

ments of plants in plan view, both as individual species and 

aggregations of species. They also show their actual spatial relation­

ships with landforms, drainage, and land use f eature s, from which 

further relation ships with geologic structure, lithology, and soil 

types can be discovered or deduced. 

The type of photography is very important in the identif­

ication of plant species. Scale, type of film and filter, and season 

of year ( see Olson, 1962) , in particular affect the ease of species 

recognition. Ground reconnaissance is als o important. The elements 

of photographic images used in the i dentification of plant spec~es 

and vegetation types are commonly considered to include tone, 

t exture , shadow, shape, size, pattern, and site (Spurr , 1960). 
l'Torthrop and Johnson (1970) also include ecological criteria for 

vegetation i derrtificat ion. 

Forest trees, because of their individual crown size , are 
' 

particularly suited to i dentification on aerial photographs. Spurr 

(1960) described identifiable photographic features of major forest 

biomes. ~purr (1956 ) , Komarov (1 968), and Vinogradov (1 968) showed 

that aerial photography is used world wide for forest type mapp ing, 

f'orest inventory, and f'orest management. 

Willingham ( 1959) has reported how a 35 mm vertical photo­

graphic coverage could be used in forest managewent. Frar~lin (1967) 
determined f'orest type boundaries in the Tararua f'orests by scanning 

aerial photographs stereoscopically and ground reconnaissance . 

Individual non-forest species can not be identified 

ord~narily on aerial photographs (Spurr, 1960), because of' their 

small size and stature. Totterdell and Nebauer (1973), however, 

could detect clumps of' vegetation 152 mm in diameter with large scale 

colour inf'rared aerial photography. These workers also f'ound that 

homogeneous plant communities could be delineated in maQY instances 

and their composition determined by ground reconnaissance. Vegetation 

patterns which are obscure on the ground can often be identified on 
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aerial photographs. 

J.!cCovm et al,(1973) described an aerial photographic 

acquisition system tailored for agricultural research. with due regard 

to capability and cost. They found the best scale was 1:5,000 to map 

patterns of variation in the vegetation studied. Harris and Haney 

(1 973) reported their method of field trial aerial photography. High 

oblique photography was employed in this instance. 

As vegetation has generally high reflectance and large 

reflectance variation bet ween species in the infrared portion of the 

electromagnetic spectrum, film types sensitive in this region are 

valuable for detecting differences in vegetation condition and be­

tween plant species (Fritz , 1967; Marshall, 1968). :t.:any workers have 

erroneously attributed the high level of infrared reflectance to 

chlorophyll content (Knipling , 1969). Knipling (1969) has found that 

infrared reflectance is about the same for both white and green parts 

of the leaf, and concluded that infrared reflectance is caused by the 

internal leaf structure. Gausman (1974) has found that infrared 

reflectance of leaves is light scattered by r efractive index dis­

continuites 

(i) at t he surface of the hydrated cell walls with intercellular 

air spaces and 

(ii) among cellular constituents . 

However, actual values of foliage reflectance are in many instances 

greatly affected by such conditions as the leaf age, season, water 

content, and mineral content of soil or soil type. 

Doverspike and Heller ( 1962), .Anson ('1966), and Parry et al. --
(1969 b) have demonstrated the superiority of colour film over 

panchromatic for the identification of tree species. They found that 

tonal and textural differences were usually enhanced by colour 

variations. 

Lauer ( 1966) and Cochrane ( 1970) found colour infrared more 

useful than colour film for the consistent identification of tree 

species. Both colour and colour infrared films were reported to 

be vastly superior to infrared and panchromatic (minus-blue) film. 

Tarkington and Sorem (1963) earlier emphasized some of the uses of 

colour infrared film in aerial photography. 



Cochrane (1970) considers ~~at colour and colour in~rared 

~ilms are more suitable than panchromatic or infrared in distin­

guishing burned arrl unburned areas in Australian forests. 

28. 

Northrop and Johnson (1970) compared medium scale (1 :12,000 

to 1:20,000) panchromatic, i~rared, colour, and colour i~rared 

aerial photography ~or the identi~ication o~ mixed hardwood and 

pine ~cres ts in Alabama. They concluded that panchromatic ~ilm 

was de~initely in~erior to the other ~ilm types. Because o~ its 

relatively low cost, they suggested that in~rared ~ilm, using a 

red filter, would be the most desirable ~ilm to use for ~crest 

type identi~ication. Mal mgren and Garn ( 1975) compared panch­

romatic and colour in~rared aerial photography for mapping l and 

conch tions in a mountainous, heavily forested complex geologic area 

(Bitterroot National Forest, Montana). · They found colour infrared 

vastly superior to panchromatic photoeraphy as it produced specific, 

accurate land inventory data and r educed the fie ld time needed to 

collect this infor.rr:ation by 25 to 75 percent, depending upon an areas 

complexity and accessibility . 

SequGntial aerial photographs can show vegetation trends 

(Vink, 1968 ). Vegetation aids erosion prevention by acting as a 

buffer against climatic elements, name~, rainfall and temperature , 

as well as stabilizing soil and rock on slopes. Detection o~ vege­

tation deterioration by aerial photographic methods should be bene­

ficial in erosion control and prevention. Many plants under stress 

from insects or disease can. be detected by infrared photography, 

because there is usually a lo ss of i~rared reflectance from affected 

verdure (Eastman Kodak Comp any, 1972). Totterdell and Rains (1973), 

however, presented comparison laborato~ photography on colour and 
• 

colour infrared films of mesomorphic and xeromorphic plants in a 

healthy state, and in varying degrees of disease, wilt, and dess­

ication. Their results indicated that it is not possible to record 

on colour i~rared film, for the species used in the test, visual 

evidence of disease or stress symptoms which was not recorded on 

colour film. 

Carneggie and Lauer (1966) considered that at large scales, 

colour film is useful for the distinguishing bei;ween heal thy and 
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diseased or damaged trees . Meyer and French (1966, 1967) and 

l.1arshall ( 1968) reported that colour infrared film is more widely 

used than colour film for disease detection of vegetation. Eastman 

Kodak Company (1968, 1972) cited aqny references that considered 

disease detection by aerial photography using colour infrared film. 

Benson and Sims ( 1967), however, considered that colour infrared 

was less suitable than colour film for disease and insect damage 

detection. Cochrane (1968 ) advanced evidence refuting their claim. 

He, (Cochrane, 1968) concluded that colour infrared portrays forest 

condition as well, and often better, than colour film. Anson (1966) 
holds a similar view to Cochrane. Cochrane suggested that the use of 

colour comp ensating filters to achieve the desired colour bala nce may 

augur well fo r wide and more varied use of colour infrared photo­

graphy in fore stry. 

Compari son of l arge scale 70 r.!IT. colour and colour infra red 

aerial photography for the identification of shrubs in different 

plant communities (Driscoll and. Coleman, 1974) shov1ed that colour 

infrared was significantly better than colour aerial photography. 

Bell ( 197li-) described research using panchromatic anl in­

frared aerial photography to detect airborne, seed-borne, and soil­

b orne diseases of crops in south England • 

. 2 c 7 Sununary. 

Aerial photography i s an indispensible tool in ero sion 

investigations and related problems. Such photography presents a 

three-dimensional i mage of an area which illustrates important 

features. Where sequential aerial photographs have been taken, the 

initial photogr aphs of an area provide reference datums against which 

subsequent erouion and vegetation changes can be measured. 

Interpretation of aerial photographs is a quick, accurate, 

and relatively inexpensive method of studying erosion problems as 

well as mapping geology, soils, and vegetation. This method is part­

icularly useful in mountainous . regions. Spectral reflectance char­

acteristics of an area under study or of features within such an area 

ca.n be obtained prior to aerial photography by spectrophotometric 

analysis. This enables t he use of the most suitable film:...filter com­

bination for terrain data acquisition. 
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EQUIFI.:E'NT Al\'D TEC!lFIQUE USED FCR A.,'S~IAIJ PHOTOG'?..APHY 

3.1 Equiprr.ent used for aerial photography. 

Two 35 nn .Asahi Pentax carr.eras were employed for aerial 

photography; one a Spotmatic F, the other a Spotmatic II. The 

Spotrnatic F was preferred, but when it >'tas not available the 

Spotmatic II was used. The focal length of the Takumar lenses 
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used was 35 mm, 50 mm and 55 mm. The 35 mm lens was used at an 

altitude of 1,460 m, the 50 mm lens at 1,720 m and the 55 mm lens 

at 1,810 m, so that scale of photography was approximately 1:18,000. 

For all photography the camera was hand held by the author. 

For aerial photography a Middle Districts Aero Club Cessna 

172 was used. The oblique photographs were taken through an open 

window and the verticals through a square hole ( 20 em by 20 em) in 

the floor behind the pilot's seat. 

3.2 Conditions governing date of photographic flights. 

Successful vertical aerial photography necessitates cloudless 

weather or very high fine cloud. The southern Ruahine Range, unlike 

the northern Tararua Range (on the south side of the J\lanawatu Gorge) 

and the central ~uahines, has a higher frequency of fog and low cloud 

(Elder, 1965). The cloud condition can change very quickly especially 

when a south-easterly wind is blowing. \'li thin half' an hour the 

condi ticns can change from cloudless to a solid bank of cumulus 

cloud, at least 300 m thick, along the length of the southern Ruahine 

Range. Consequently there are not many days suitable for vertical 

aerial photography. During the 12 month period November 1 1974 to 

November 1 1975, there were 28 days suitable for such photography 

(see Table II). Cravat (1968),and Evans (197h-) discussed the effect 

of climatic factors on timing of aerial photography. 
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Table II- Dates when weather conditions permitted photographic flights 

Year ronth Days X 

1974 November 19, 20 

1974 December 12, 13, 21' 26 

1975 January 3, 4, 5 

1975 February 2, 10 

1975 Karch 7, ,12, 21, 23 

1975 April 1.2, 27 

1975 J,:ay 8, 9 

1975 June l~o, 6, 30 --
1975 July 7, 13, l!. 
1975 August 13 

1975 September 13, 17 

1975 October 

Factors, other than weather, which affected whether or not a 

flight was pnssible were: aircraft not in area or previously booked, 

no pilot available, aircraft being servicea., no film on hand, author 

in field, availability of camera, or too soon after previous flight. 

'.Vhenever possible the aircraft was booked for a week at a time when 

weather forecasts appeared favourable. 

3.3 Flight procedure. 

Before t ak ing off the purpose of the flight was explained to 

the pilot. The pilot was also shown the intended flight path on an 

enlarged photograph of the study area so that oblique and vertical 

aerial photographs could be taken. With a detailed knowledge of the 

area, the author could accurately navigate and direct the pilot. 

For the first flight the aircraft was flown in a southeast 

direction from the end of No. 1 Line. Such a course would have taken 

the aircraft over the two photographic study areas. With a light 

~ates underlined indicate days when photographic flights were 
undertaken. 
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plane in turbulent conditions however, it was difficult to maintain a 

precise course. In later flights a different navigation strategy was 

employed . Over the Raparapawai catchment the aircraft was flown .due­

west following the main tributary and directly over the photographic 

study area. Over the No.1 catchment a south-east course was flown 

from the main forks. Such a flight path is shown in Fig. 5. This 

enabled vertical photographs to be taken. For oblique photography 

the aircraft was flovm around each study area and photographed from 

the north, west , south, and east. Each complete flight took just 

over one hour. 

So that the amount of shadow was least, the author attempted 

to me$e the time of photograpgy for each £light coincide with the 

sun 1 s highest position in the sky. 

3~4 Films types used. 

( i ) Colour. On the first flight, Kodak Ektachrome film, rated at 

160 ASA, was used. However, it appeared to overemphasize yellow 

colours, so that on later flights, Kodachrome -X, rated at 64 ASA, 

was used. An ultra-violet filter was used for all colour photography. 

The correct exposure with t hrough-the-lens metering was easily 

obtained for vertical and oblique photography. The lens was closed 

down one stop for oblique photography, compensating for the extraneous 

light the meter could not accommodate. Shutter speed was 1/250 

second, and aperture settings ranged from f/4.0 to f/2.0, depending 

on weather conditions and time of year. 

(ii) Colour infrared. Colour infrared film used wa s Kodak 

Ektachrome Infrared, sensitive to approximately 700 to 900 nm, with a 

dimesionally stable 0.1016 mm ESTJL~-AH base. This film is rated at 

100 ASA with a hand held light meter. The camera was set at 200 ASA 

with a medium yellow Hoya K2 filter (equivalent to a Vlratten 12 :filter) 

in place. As its exposure latitude is limited to ~ 1/2 stop, an 

exposure reading was taken over each photographic study area before 

the photographic run. The camera was focused on the infrared setting. 

Shutter speed was 1/250 second, and the aperture settings ranged from 

f/5.6 to f/2.8. Processing was done by Colourtrue Processing 

Services Ltd., Christchurch. 

I 

.I 
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(iii) Panchromatic. Ilford FP4 film, rated at 125 ASA, and exposed 

through a medium yellow Hoya K2 (minus-blue) filter, was used for 

panchromatic aerial photography. This film was not used on initial 

photographic flights as it was intended to compare colour and colour 

infrared aerial photographs with existing panchromatic photographs 

taken by New Zealand Aerial 1:apping . However, so that valid com­

parisons could be made of the three film types, panchromatic photo­

graphs were also taken. Shutter speed was 1/250 second, and aperture 

settings ranged from f/4.0 to f/2.0. 

For all flights colour infrared film was the last exposed. 

This enabled it more time to reach air temperature before being 

loaded into the camera. Films, filters and camera settings were 

changed in flight. 

3.5 Focal length of camera. 

A change from Ektachrome to Kodachrome-X film and the use of 

Ilford FP4 film meant that the 35 rom lens had to be changed to a 50 

or 55 rom lens, as the widest stop on the 35 rom lens is only f/3.5. 

An aperture setting of f/3.5 was unsuitable for all weather conditions 

at a shutter speed of 1/250 second. The widest stop on the 50 ron and 

55 rom lenses is f/1.4 and f/1.8 respectively. As the Spotmatic F 

camera had a 55 rom lens and the Spotmatic II a 50 mm lens, the 

availability of a camera dictated which of these lenses was used for 

a particular flight. 

The higher altitude required with the 50 rom and 55 mm lenses 

enabled easier and more accurate navigation, especialiy when 

observations were made through the hole in the floor of the aircraft. 
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S E C T I 0 N 4-. 

FEATURES OF THE STUDY AREA. 

4-.1 Regional setting. 

4-.1 .1 General. 

The southern Ruahine Range, which is covered in indigenous 

~orest, is that part o~ the Ruahine Range south of the gap ~ormed by 

/ the Pohangina Gorge and the Apiti-Norsewood Saddle (N144/533712). 
The area of the southern Ruahine Range is 19,4-38 ha. The maximum 

width of the southern Ruahines is 7.8 km, and the total length is 

27 YJn. There is a marked physiographic, vegetational, and climatic 

di~ference between the southern Ruahine Range and the remainder o~ 

the Ruahine Range (Elder, 1958 a). 

4-.1.2 Geology. 

Kingma (1962) described the Ruahine Range as a rugged range 

consisting primarily of well dissected Mesozoic sedimentary strata, 

which was intersected a~d bordered by many ~aults.Kingma (1962) said 

the southern Ruahine Range was extensively faulted, however, these 

were not mapped. The structure of the southern Ruahine Range is that 

of a wedge shaped horst, situated on the east flank of the North 

Island geanticline. 

4-.1.3 Physiography. 

The highest point o~ the southern Ruahine Range, Takapari 

(1;392 m) is somewhat isolated, projecting above the Pohangina 

valley at its northern end. Tapakari is connected with a wide 

westerly tilting plane(~ 1,212 m), which continues for about 12.8 km 

to a prominent peak Maharahara (1 ,096 m) (Fig. 2). · South ~rom 

this peak there is a narrow, undulating, and winding ridge to 

Wharite (914- m), which marks the end of the southern Ruahine Range . 

The remainder o~ the Ruahine Range is more rugged, the maximum 

altitude being 1,732 m. One third of the central Ruahine Range lies 

above the timberline (Elder; 1965). To the east, west, and south o~ 

--·---· ---·- ··~--- --- ~ - ----·-..,..---~-~-· 

. 1 
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the Ruahine Range landforms are lower in altitude and slopes are not 

as steep, the dominant type of landuse being pastoral farming. 

• 4.1.4 Vegetation. 

Prior to the 1940s, the vegetation of the southern Ruahine 

Range had been mapped in three main altitudinal belts (Elder, 1965), 

namely, podocarp/hardwoods near t he foothills, kamahi (Y.'einmannia 

racemosa) at medium altitudes, and leatherwood (Olearia colensoi) at 

the top of the range. Vestiges of two other formations, pink pine 

(Dacrydium biforme) and cedar (Libocedrus bidwillii) were also mapped. 

In the remainder of the Ruahine Range kamahi is largely absent. 

Mountain beech (Nothofagus solandri) and red tussock (Chionochloa rubra) 

are prominent in the northern Ruahine Range, with cedar and red beech 

(Nothofagus fusca) prominent in the central portion. Above the 

timberline leatherwood scrub and snow grass tusso~~ (Chionachloa 

pallens) dominate plant communities (Elder, 1965). A list of all 

plant names used in the text is appended (see Appendix II). 

Herbivorous ma~~als present in the Ruahine Range are deer, 

opossum, goats, and hares. Their distribution in the southern Ruahine 

Range has been determined by James and Beaumont (1971). 

4.1.5 Climate. 

The climate of the southern Ruahine Range, though difficult to 

quantify accurately, is different from that of the central and 

northern Ruahine Range (Elder 1958 a). The main difference being a 

considerable decrease in sunny days and increase in low cloud (see 

Section 3.2). Elder (1965) considers that these climatic differences 

are responsible for the marked vegetation changes between the southern 

Ruahine and remaining Ruahine Range. 

4.1.6 Erosion. 

There is a paucity of detailed erosion information in the 

southern Ruahine Range. In his account of visits to, and a crossing 

of the Ruahine Range, Colenso ( 1884) made brief mention of' ere sion: -

"••• one in particular, _as if an avalanche of half a mountain's side 

had suddenly slipped down into the distant gulph below, leaving a 

ragged razor-back edee of loose loamy sand at a very acute angle. 

On this which extended 100 m, connecting two peaks, nothing grew II ... 
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(p.17), and "••• sometimes passing along the very edge of extensive 

landslips, down which it is fearful to look ••• " (p.52). Another 

early worker, McKay (1877), reported that there were large shingle 

slips ever,yv1here in the Ruahines. These observations were made prior 

to the liberation of herbivorous mammals in the Ruahine Range. 

Grant (1965) described major regime changes in the Tukituki 

River (central Ruahines) showing that an erosion phase has occurred 
• prior to the introduction of herbivorous mammals. 

In a regional soil erosion survey of the southern half o~ 

the North Island, Grange and Gibbs (1947) mapped the southern Ruahine 

/ Range as class 11 (III):- slips exposing shattered greywacke , 

leading to signi~icant rapid deterioration o~ the land. 

. ·1 

Cunningham (1966, 1967) has made valuable comments on 

erosion types and some casual factors in the southern Ruahine Ranges . 

James and Beaumont ( 1971), Logan ( 1971), and the Yanawatu Catchment 

Board and Regional VTater Board (1972) have made general comments 

regarding erosion in the southern Ruahines. James (1973) has des­

cribed the increase in erosion surfaces between 1946 and 1963, and 

factors causing such a deterioration in the upper Pohangina catchment. 

The data he obtained from aerial photographs showed that erosion sur­

faces had increased in area by 60 percent during the 17 years between 

photographic flights. 

% Land use capability subclasses VIlle and "'~nie have been 

mapped on the eastern side o~ the southern Ruahine Range (Kennedy and 

Fletcher, 1972). 

Grant (1965) considered that the main cause of erosion and 

vegetation dareage is probably the occurrence o~ extreme climatic 

event~, in particular, high intensity rainstorms. All other workers 

mentioned in this subsection (4.1.6) consider that herbivorous mammals 

have been the main cause of vegetation and erosion damage in the 

southern Ruahine Ranges. 

X 

The remainder of this Section describes the study area in 

See ~anistry of ':lorks ( 1971) ~or description o~ Land use 
capability classes, subclasses and units • 
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more detail. Brief mention is occasionally made to the use of colour 

and colour infrared aerial photography used in this study. An account 

of film type comparisons is contained in Section 5. 

4.2 1~orphometry. 

Data for morphometric measurements were obtained from the 

1:2i,ooo (1974) panchromatic aerial photographs and an enlargement 

(4X) of the N. Z.M.S. 1 N144 topographical map. Bef'ore any laboratory 

measurements were made, the enlarged contour map was checked in the 

field using an altimeter. Schumm (1968) describes methods of ~sing 

aerial photographs and topographical maps for the quantitative study 

of landforms. 

4.2 .1 Area. 

Areas of the No. 1 and Raparapawai catchments were determined 

by a Coradi compensating planimeter on the 1974 aerial photographs. 

The values obtained were cross-checked on the 1:67,000 (1966) aerial 

photographs. The rar~e of altitude in the study area is 305 to 

1,027 m. As scale dif'ferences caused by elevation changes result in 

non-compensating errors in area estimates of mountainous terrain 

(Aldrich, 1955) , each catchment was divided into t~xee altitudinal 

zones, and the scale of photographs altered to allow for their mean 

elevation. Areas were determined on the basis of the corrected 

photo-scale. The altitudinal zones, less than (<) 700 m, 700 to 900 m, 

and greater than (>) 900 m, coincide with the altitudinal zonation 

of vegetation in the area (see Section 4.6). The total catchment 

areas and areas of altitudinal zones are shown in Table III. 

4.2.2 Average slope. 

The average slope of the two catchments, and of the 

altitudinal (vegetation) zones, were calculated by a method based 

upon the area between dif'ferent contours within a basin (Wisler and 

Brater, 1968: p.46), using the formula: 

s = D.L 
A 

where s = average slope of basin 

D = contour interval 

L = total length of contours 

A = area of basin 
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The total length of contours was measured by a map 

measuring wheel. Average slopes obtained are shown in Table III. 

Table III - Area and average slope of study area. 

39. 

Altitudinal zone Area (ha) Average slope (de s5 rees) 

Raparapa·.vai catchment. 970 30 

<700 m 565 31 

(podocarp/hardwoods) 

700 to 900 m 356 29 

(peppertree/tree ferns) 

>900 m 49 30 

(leatherwood) -, 

No. 1 catchment. 375 30 

<700 m 155 29 

(podocarp/hardwood) 

700 to 900 m 169 32 

(peppertree/tree ferns) 

;:-900 m 51 24 

(leatherwoods) 
' 

The average slopes are ve~ similar in each catchment of the 

study area. However, the average slope for the 700 to 900 rn 

altitude zones underestimates the steepness of some slopes, because 

there are many gently sloping ridge tops in this area. The slopes 

of this zone in the No. 1 catchment are steeper than in the 

Raparapawai catchment because of the many spilite bluffs present 

(se~· section 4.3). 

4.2.3 Longitudinal stream-channel profiles. 

Longitudinal stream-channel profiles for the two catchments 

are shown in Fig. 6. This figure illustrates the obvious stream­

channel slope differences. The sharp rise in stream-channel grade at 

450 m altitude in the No. 1 catchment is due to a series of waterfalls. 

The average slope of the No. 1 stream-channel is 180 ~km and the 

averag~ for the Raparapawai is 105 ~km. The easier stream gradient 

of the Raparapawai Stream, especially in the lower catchment, has 

' 
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enabled aggrada tion of the channel. This has lead to the formation 

of depositional surfaces (see Section 4.7.1). The easier stream 

gradient also causes water to flow more slowly in its stream bed, 

thereby causing less undercutting of slopes, and resultant debris 

slides (see Section 4.7.2). 

4.2.4 Hypsome tric analysis. 

v~sometric (or area-altitude) curves for the trro catchments 

are shown in Fig. 7. The method used to construct such curves is 

described by Strahler (1 952), and }!.iller (1964: p.65). The parallel 

north-south l i nes were 10 rom apart on the 1 :15,84.0 contour map. Com­

paring the two catchments, this anal y sis shows that the Yo. 1 catch­

ment has a slightly higher median elevation (50 percent of area above 

and below) than the Raparapawai catchment. }f.edian elevation on the 

No. 1 catchment is 671 m, t hat of t he Raparapawai catchment is 620 m. 

Below 950 m altitude, the No. 1 catchment has consistently higher 

percentage areas above any given alti tude. Because both streams 

leave the mountain lands at approximately 300m altitude, this 

analysis offers a useful comparison. 

Slope aspect. 

Slope aspect of the No. 1 and Raparapawai catchments was 

determined by the method described by England (1971), using a 

T-square, triangle, and topographical map (1:15,~0). East-west 

sample lines vrere 1 em apart, so that there were 984. sample points. 

Four aspect classes were recorded. These were north, east, south, 
. 0 0 0 

and west. North is between N 45 E and N 4.5 .w, east between N 4.5 E 
0 0 0 and E 45 S, south between E 4.5 S and S 4.5 W, and west between 

S 45° W and W 45° N. Distribution of slope aspect classes in the 

two catchments is shown in Table IV. 

Table IV - Distribution (percent) of slope aspect in study area 

No. 1 catchment 

Raparapawai ca tchment 

North 

25 

12 

East South 

11 

14. 

West 

4.9 

34 
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4.3 Geolo~. 

An inspection of the No. 1 and Raparapawai catchments 

• revealed that the geology was an important factor effecting the 

present day erosion pattern. A geological investigation wa s there­

fore a primary objective of this stu~, to assess the relative 

significance of geology and erosion in the two catchments. 

1 

4.3 .1 Lithology of the study area. 

A geological investigation of the study area disclosed five 

principal lithologic units (see Fig. 8)~ Descriptions of these 

units (greywacke and associated volcanic rocks) follow the termin­

ology of Wellman (1 949 ), Lillie (1953), Reed (1957 a), and Kingma 

(1962). 

Lithologic unit A occurs in the north-west of the No. 1 

catchment and in the central portion of the Raparapawai catchment. 

It consists of alternating dark grey argillite and sandstone. To­

wards the south-east of the No. 1 catchment the sandstone is a paler 

grey colour and coarser in texture than sandstone in the remainder 

of the unit. 

Lithologic unit B occurs only in the upper No. 1 catchment, 

and comprises red and green spilite with pale grey coarse sandstone. 

Sandstone is the dominant rock type in this unit, occupying approx­

imately 60· percent of the area. Red spilite occupies nearly all of 

the remaining area mapped in this unit. Kany spili te bluffs are 

indicative of the more resistant nature of spilite to erosion com­

pared with the sandstone, which is more fractured than the sandstone 

in lithologic unit A. 

Lithologic unit C comprises the rocks forming the main 

divide·, and is composed of intensely shattered and folded pale grey 

sandstone with occasional red spilite. The lithology was more difficult 

to map than the other units, because the area is largely covered 

with leatherwood scrub. 

Lithologic unit D is a zone of red spilite, and red, green, 

and dark grey argillite, running across the Raparapawai catchment in 

a north-south direction. Exposed in streambeds are boulders of 

lithified pug material (see Reed, 1957 b). 
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Lithologic unitE occurs in the eastern portion of the 

Raparapawai catchment, and is composed of coarse sandstone and pseudo­

conglomerate , which contains angular rock fragments in a pelitic 

matrix , here referred to as 'chipwacke '. Chipwacke is less fractured 

than the other rocks in the study area. The sandstone is generally 

coarser than sandstones mapped in lithologic units A, B, C and D. 

The rocks mapp ed as lithologic units A, B, C and D had 

previ ously been named Ruahine Greywacke, and those of lithologic 

unitE named Wakarara Greywacke (Kingma , 1962). 

4.3.2 Presence of large rounded boulders. 

An unusual feature in the study area is t he presence of 

very large rounded boulders, either in streambeds, or within mass 

movements immediately above streambeds. 

4.3.2.1 Characteristics of these boulders. 

The boulders are comp osed of sandstone, spilite, or 

lithified pug material. 

The maximum size diameter of the largest boulder is 8 m 

(see Fig. 9). This boulder is composed of coarse sandstone, and 

assuming a density of 2.65 g~cc, its estimated weight is 270 tonnes. 

Once exposed in a streambed, they do not appear to have moved very 

·far downstream. No boulders larger than 2 m maximum size diameter 

occur in lithologic unit E. 

These boulders are well rounded and smooth, even when they 

have only been recently exposed. Fig. 10 shows a typical boulder at 

N144/345553, which had been. exposed in the streambed for 10 months 

at-- the time of photography. It is now split in two, arrl a pug zone 

from which it originated, can be seen in the right of the photograph. 

Five percent of all large boulders observed are split in two. Only 

one group of large boulders at N1L~/354547 have an angular outline, 

having originated from a rockfall (see Section 4.7.2 and Fig. 26). 

4.3.2.2 Relationship between distribution and size of boulders. 

To establi sh the relationship between the distribution and 

size of the boulders, maximum size diameters of the two largest 

boulders were measured for every 100 m of streambed traversed. Data 



Fig. 9. Showing the largest rounded boulder in the 

study area . This boulder is located at N144/367535, 

at the base of Slump A (see Section 4. 7. 2). 

fig. 10. The author standing beside a recently 

exposed boulder in the r o. 1 catchment. Note 

that it is split in t v;o and is well rounded. 

A fault pug is seen in the lower right of the 

photograph. 
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was collected b e t wee n X and Y in the 'taparapa1mi catchment , a nd between 

U and V in t he ~o . 1 catchme nt (see Fig . 8). The position of fault s 

and mass movements ( see Section 4 . 7 . 2) were also recorcled along the 

tran sects (see Yig . 11) . 

Fig 11 i llustra t e s : 

(i) The boulder s in the strearr.berls are l a r r;es t where fault s occur , 

part icul arly at the base of oass movements . Only one exception exists : 

t his js i !!Jnediately up stream fro m the debris slide in the 11apar ap a'iva i 

catchment where the t-r.o large st boulders in the 10C r.1 section of 

streambed , are op:? o s ite one anothe r , and may be concealints a faul t tra ce. 

( ii) The spili te boulders in spil i te zones a re much s maller than 

sandstone boulders in sands tone zones . In t r.e uppe r histogram of 

Fig .11, the s pilite zone is in lith olo g ic unit D, the sp ilite zone 

in t he lowe r histogr am is i n li tholo g j c unit B. 

4.3_. 2.3. Si gn ifi cv.nc e of the l a r ge boulders . 

It i s considered that t he l arge r ounded boulders have b ee n 

subj ect to low t en:pe rature r;,etamorphi .s:n , because t hey can split in t wo 

once exposed in streambeds and on eroding slopes . ~hey a r e not con­

sidered to have fo rmed a s r es istant ' marbles ' in the fault z ones be­

cause they would not be expected to break apart on e xposur e . Jf the 

boulders h ave undert;one low te~:.pe ra ture rr.e taoo r phism, th ey must have 

exis ted p r ior to upl ift and faulting . Prir::ary depo sition by submarine 

landslides i s con s idered t o be the proc e ss by which these larg e boulders 

were init ially formed within t he c; r eynacke s trata . fault:: ng ho·Neve r , 

has intensely shatte r ed the less resistant r ock s, ar;d i n ex treme ca ses , 

crushed t hem t o a mylonite . Thi s has en::tbled fluvial processes to re­

move smaller incohe r ent . mate rials fr om fault zone s , l eaving l a r ge 

boulders re mnant in streambeds and on eroding s lopes . 

North-wes t of the s t udy area , a belt of disrupted sandstone , 

argillite , chert , volcanics , and marble , rr~pp ed as the Pohangina 

melang e !:>~: ( Sporli , 1974), als o contains similar sized boul ders . 

!:11: A melange (Fr .' mixture ) has bee n def i ned as a I~app able bod.y of 
de formed r ock cha rac te rised by t he inclusion on n a tive and exotic 
blocks , v1hich rr~ay r arcge up to several kilome ters long , :in a pe r­
vasively ::: hee.re:i , co r..:-:-.onl y pelit ic rr.atrix . :;-raccentJ.tion ar.d. rr.ixing 
of a melange r 8s\.U ts from the tectoni c defor::-ation under an ove r­
burden pressure (P.su , 1968 ). 
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However, in the J',:anawatu Gor~e , a strongly-sheared mel ange - like zone 

mapped as the Ashhurst Belt (Zutelij a , 1974- ) , which contains several 

massive sanclstone uni ts r ang ing fro m 10 to 50 m thickness , contains 

no lar8e boulders . 

It is considered that lithol og ic units , A, B, C, and~ con­

stitute part of the Ashhurst 1.:elange , a 1+ km wide belt of i n tensely 

faulted and disrupted sandstone , a r gillite, and spilite . 

4- , 3 .-"3'--_.,_~ _a_u_l_t_s_a __ n_d_l_i_n_.e_a_t_l_· o_n_, _s • 

Extensive t r a nscurrent faulting .ha s beer:. de scribed in the 

s outhe rn Ruahine 'lan~ e (Ijillie , 1953 ; Kint;r:..a , 1962) , but has ne ve r 

b een mapped i n detail. Kingma ( 1962 ) mapped three faults in the 

4-9 . 

study area . 'l'l:c ':l,uahine ar.d i.:ohaka Faults -.·;e re IT.apped eas t of the 

main divide, ar;d an unnamed fault on t he weste ::'n IT:.:'l rgin of t he range . 

The ":?.uahine aP.d rohaka Fac;.l t s were JT',apped as active faults , the l atte r 

b eing a continuation of the ~ellington Fault , ( Lensen , 1958 ). 

lJ. , 3 .3.1 Usc of' o.er:.al photo::;raplw to rr:~faults o.nd lineati ons . 

The 194-6 , 1961 , 1966 , and 197!+ panchromatic aerial photo­

graphs all show a h it;h intensit y of aligrurents that are lareely in­

c onspicuous on the ground . "he 1: 67 , 000 (1 966 ) aeria l photographs 

sh ow t he best ra~ ional pattern of aliGnrr.ents , ~ohi1e the 1 : 27 , 000 

( 1974-) photogmphs and 1 :1 3 , 000 enlargements made from t hem, show 

t he b e st detaileJ. alignment pa ttern . 

Al ignments are exp1~ssed on photog r aphs of the study a r ea 

a s: aligruuents in vegetation patterns ; collinear stream c ourse s ; 

waterfalls ; alignments of relief , including knick points , stra i ght 

scarps , and t r enche s ; as >rell as conspicuous changes in photographic 

t one and erosion pattern . 

Extensive pug zones on eroding slope s are visible on the 

1: 27 , 000 (1 974- ) panchr ooatic aerial photographs because of a subtle 

tonal change , being s lightly darker ti1an the exposed bare rock and 

s oil. These zones a re also identif iable on colour and colour in­

f r ared aerial photo~raphs (see Sec t ion 5.3) . 

4-. 3 . 3 . 2 :<'ield evidence of f aulting . 

Alignments on photo~raphs were only apned as f aults if 
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f ield evidence was found to indicate fault rr:ovemcnt ( see }'ir;s . 1 2 and 

13) , such as : f ault pue;s (a blue-black sticky clay, so me times con-

. taining lenses of red aco. green clay) ; shatter zones (usually grey or 

blue- black in colour, and. coarser ir: texture than fault puc;) ; and 

abrupt chanc;es in reck type with the presence of fault pugs or 

shatter zones . 

Jf no field evid.ence '.ms found. to indicate that an align.11ent 

was a f ault , then it was mapped as a lineation . Transparent overlays 
:z: 

shorr the fault s anc1 lineations io.entified in each ca tchrc.ent . The 

photoe;raphic base map s give a better appreciation of the faulting 

density in relation to the small size of the catc!-JElents , conpared to 

planimetric base map s . Included on overlay 1 (a) is ~he position of 

the Ruahine Fault (Ki ngma , 1962 ), but it is only shcvm a s a lineation 

b ecause the author could not find ev idence of fault movemen t. 

The strike cf f auJ. ts was measured , but because of tl~e chaotic 

nature of many f'aul t exposures , it ·;;as not al>;ays possible to measur e 

dip directions. ; .~ost faults stri.l<.e in a north-east direction , parallel 

with the axis of the main range . A rose diacraL! construc-'ced fo r the 

s tri.~e of all faults i n 10 degree arc groupings (Fig .1 4) illustr a tes 

this. 

4. 3 . 3 . 3 Interyret.:l.tion of fault patt_ern . 

Heine (1 962 ) considers t hat second-order effec ts of trans­

c urrent moverr:ents along some t;ev; Zealand faults could explain sorre 

Nevr Zealand struc t ural features , in particular, the r.1aj or feature s of 

t he Tararua and Tti:wtaka "1anges . IIeit:e has atteH;pted t o ex~lain t he 

forP-:a tion of the Tararua Range , an elongate dor::te C::ellman, 1946 ) , on 

t he basis of t'l wrench-fault t ec t onics model of !.:oody and P.:ill ( 1956 ) . 

The essential part of this r.:odel i s tha t it predicts stre sses that 

would produce drag fold s or thrust faults at an~les less than 15 

degrees t o a r.mjo r v;ren ch fault . The angular relationship of the 

·.ves t ·:rairarapa Shear Zone t o the 'l'ararua l{anee r:;ay explain the form­

at ion of the Tararua Do1;:e as a drag f old, an interpreta tion wl:ich 

:z: Transparent overlays are contained in a pocket at the ::.·ear of t his 
t hesis . Cverlay 1 (a) s .. o::ld be pl.:J.ce.i over ~it . 3 , :md overlay 1 (b~ 
ever F i g . 4 . 1'o p osition them correctly , ti"'s cros~es on the ovel'lay 
s hou l d fit over ti1e crosses c'n tho p.lOtq:; r aphic base I ~aps . 



~howjng pug zone on a ~ault in the 

No . 1 catchme nt . Location is at ~'14-LI-/3 53543 , 

and clay mine ralo gy is s hoim in Appendix IJI . 

The pug zone has bc:E:n eroded b:r hi e;h str ear.1 flovr s 

and seepage 7/e.ters . :Sitter si:le of t his faul t , 

and of man~,· otters , t!::e r e is a marked cho,_nge ir. 

dip of the sedir:1entary be:ls . 

Fj_g . 13 . Fault exnosure in '{apa r e.pawaj catc}::nent 

".c ck ty~1 es visio1e :'roc right to 

left are rc.:d spili ~~ e , sticky blue- black clay i'i:_ th 

scme sancls tone , and. a lense of green argillite . 
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1:oody and IIill ( 195G) applied to several Californian hills near the 

San Andreas Shear 7. one. It is tempting to consider tha t t he fault 

• pattern of the study area belongs to this model. The pri r::.etr.~r ';;rer:ch 

beine the active transcurrent :ohak a Fault on the easterJ.-;. oargin of 

the ~uahine 1?ange (see Fig . 8) , seconclary f aults (see Stev<ms , 197lf. a) , 

being first order wrench and second order drae folds . 

Some of' t he faults and lineations close to , and parallel 

with the ax:i s of U,e main eli vide , could be srr;all discontinuous 

scarps (induced e;ravity faults) siD' ilar to those described in the 

main dividing re.nge of the South Island ( 3e ck , 1968) . P. ec~~ deduced 

t hat such scarps were the result of gravi ta t::_onal adjust rr.ent to an 

over- ste epened topoeraphy . 

Clay mineraloey of scils and rocks car. have a significant 

affect on reducing shear streq;th of materials on slopes 

( Akehurst , 1963 ; :Selby , 1970 ; . 'l'he clay raineraloe;y of fault pug 

material was determined by X- ray diffraction to establish the 

significance of this pug componer.t ;vhi ch could affect n:ass mo venents . 

Preparation. Ealf of the <1 micron clay frac tion of each sam}>le 
+ . 2+ wa s Fa saturated , and the other half ~ .. g saturated acJd. mo unted on 

glass slides by the standard rr:ethod (see Jackson , 1 :;64) , so tr.a t 

X-ray diff'ractograms could be obtained . :<'ollowinc; F :is the ra + 
0 ~ saturated saople v;as heated to 550 C for 1 hour, and Le J.:g 

saturated sarr~le treated with glycerol . ?urther X- ray diffr actog r ams 

we re t hen ob tained . 

Percent t otal clay in each sample 11as determined by mech­

anical analysis (see Piper, 1942) . :Jispersion with Calgon was 

a chieved using an ultrasonic pro be ( 20 kHz for about 2 IT.inu te s) • 

-q,e sul ts are shol'tn in Appendix IJ 1 . 

Conclusion . Dominant clay mineral s present in pug zone material 

are mica , kaol inite , and chlorite. Less significant are vermiculite , 

mixed-layer material , mont mo rillonite , and iron oxides ( in sp ilite 

pugs) . 

':'he dominant clay minera ls arP. i~oJ:- oxpanrline , a;,d "lf-)eir 

presence in the clayey fault puc; Dlate::·ial is unlikely to effect 
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s l ope stability to any deg r ee . 

4.1+- Soils . 

The yel low brown earths and r elated steepland sc=._ls of the 

study area have been r..apped by Rijkse ( 1971, i n p ress) , v;ho f ound 

l oess , colluviu;;! , and sclifluc tial debris overlying bedrock . i.ijkse 

(in press ) s tateu that th e depth of l oe~s was lart;ely determined by 

slope , the soil parent ~atarial being closely associated with tope­

graph;)". i.elief and clima te are also i mportant so il fonaing factors 

contributing to t:1e s '..lbdivi sion of s oils . The aut hor has not ITiapp ed 

any so i ls , but ha s exa;:,ined the p r ofiles described by T.~ ijk se . '.'!i t h i n 

each soi l series there a :-e mar xe d profile thickne ss and descript ive 

variations . ~~e so il series are b riefly ffien tioned bel ow . Profile 

de scriptions are a ·pended ( see Appendjx IV) . 

Ruaroa sar:d__v loam. ~'his soil occurs on ths terraces of 

the lo•Ne r 'tapar apa·;;ai Stream . 

Renata silt l os.m . :'his s oil oc cu r s on rolling slopes a t 

altitudes up to 900 m. 

Ramiha h~ll soils . These occur at altitude s up to 600 m, 

on moderat ely steep t o steep slopes . 

R.e nata hill s oils . These oc cur on mode r ately steep to 

steep slopes a t altitude s ran6 i ng from 600 to 900 m. 

phase . 

( 1961 ) 

Ruahine steenland , and Ruahine steepland scil~v~~teen 

These s.oils are relatecl to :tawiha hill so ~ ls . LcDonald 

has anal:~ sed sorre of the physical properties of these soils . 

i.imutaJ:a :>tee:J l and and "Q_ir.;uta·.a steeplar.d soil s , very steen 

~~· These soils are related to Renata hill soils and are f onre d 

at a hi ghe r altitude and under a hi~ he r rainfal l t han Ra mahi soi ls . 

Taka~:r:i. peaty loam . This soil occurs on the gently 

s l oping land of the main ciivide beb7een t he two catchments of tre 

s t udy area ( see Fig . 15) . 

At a depth of 15 em in ~ost pr ofiles there is a 2 em band 

of r hyolitic te:r;hra , considered to be l'auro !-'umice , wi · ich was 

erupted c . H341f- years 3 .P . (Fe~ly 2.! _§t_l ., 19(4- ) . Pumice frae;mcnt s 

of t h is t ephra are elonEate in sha r- e , v; i th largest diamete rs 



}'ig . 1 5. ~how ine; '.:' akap2ri pe s. ty lc2.m on sc.nds t one . 

Vet;e tat ion is l ee. thersocc1 . Ea:::"Tt9r is 30 en long . 

J~ocation i s at ~T 1 LI-5/4756 1 +-6 . 
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between 2 to 3 mm . Taupo Pumice is the most likely tephra to be in 

such a locality (see isopach map -Puller e~ al . , 1973) . At N144/463636 

• t here is a 5 em layer of w1decomposed vegetation mixed ~ith rounded 

lithic fragments up to 2 mm in diameter beneath the sticky peaty silt 

loam. Assuming a constant rate of peat accumulation , the peat has 

only been accumulating for the last 3 , 500 to 4- , 0CO years . 

Rijkse (in press) did not find any tephra de osits in this 

soil. However , phosphate r e t ention , Tar.E-extractable alurr,inium and 

iron reach high to very high values in the lower profile , indica ting 

appreciable quanti t ie s of allophane . Rijkse ( in press ) sur gested the 

allophane accumulation was a result of loess and volcanic ash in the 

lovre r profile . 

4- . 5 Climate . 

There is no climate data that applies specifically to 

the stuJ.y area . Rainfall infor:-.ation con:es from the seven storage 

gauges in the sou them Ruahine Ranges and '.7hari te mete orological 

station (see Fig . 16) . Climate data fer \'.'harite , wbch v;as estab ­

lished in 1966 , is taken from Yew Zealand J.:eteorolog ical Ser--vice 

(1 967-1 973) . Average annual rainfall figures for the storage ge.uge s 

( see Table V) were obta ined from cumulative rainfall curves for the 

period 1965 to 1972 (C.R . Renton , pe rs . co~ . ) . The Takapari 'toad 

( D) storage gauge has only been installed since early 1970 . 'l'he 

Stanfield Hut gauge 11as removed by flood waters during cyclone Alison , 

which occurred during l.:arch 1975 . 

Tab1e V - Ave rag~- annual _ _r_§.in.f..§.l1..2-"e a:lj.p_5~ from_:r:§.j.nr:auge s i n the 
southe rn ~uahine 1~nges . 

Gauge Symbol Altitude Annual rainfall 
(Fig . 16 ) (m) ( TI'.r.: ) 

Vlharite Wh 914- 2 , 129 
Coppermine c 51 9 1,780 
Kumeti K 864- 2 , 51+0 
l(aharahara . M 925 2 ' 11 0 
Opawe 0 580 1, 950 
Diggers Di 4-64- _, , 730 

Takapari Road D 1 '1 4-0 2,920 
'l'akapari T 1 ' 1 !f-0 not established 
West Ta:r:ak i Vf 1+00 not established 
Stanfie1d Hut s 548 2, Goo 

---------------
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Fig.16. Location of raingauges in southern Ruahine Ranges. 
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Takapari ani ',';c">t Tamak i gauge s are both Fischer and Porter 

tipping bucket automa tic x·ainfall recorders , installed i n October 

1974 . 'rhey .. .-ere installed by the !.:anawatu Catchme nt Board and 

Reg ional ','.'ater Board so t hat useful climate il'lfor::.ation r elating to 

t his problem area could be obtained . Both of t hese gauge s vrere 

v;orking duri nt; the r:1onth that cyclone Alison swept the r ange . Rain­

fall intensities d -ring t. is tir.:.e are s hovm in '::'able VI (C . R.:rtenton , 

pers . \ comm . J . 

Table V1 - ~.a inf2.ll intensities durinc; l:arch 1')75 . 

'I' i rc.e neriod 1Vest , _ ___,~, ____ Tn!'7".:ak i i!_::m) 

12 min 7. 5 
18 min 8.0 
30 min 1 o. 5 
60 min 15.5 
2 hrs 28.0 
6 h rs 6ll- . 5 

12 hrs 92 . 0 
24 hrs 133 .5 
48 hrs 224 .0 
72 hrs 260 . 0 
~! onth 342 .0 

Taka pari 

5. 0 
7. 5 

12.5 
22. 5 
11- i .o 

103 .5 
148 . 0 
2h1 .o 
317 .5 
350.0 
517.0 

From tho data available it can be seen that rair£all 

(mo) 

i ntensities a nd annual rainfall increase with increasing alti t ude. 

Climate in.fon:1ation for ','ihari te is shovm in Table VIJ . Thi s gives an 

indication of overall climate i n the s outhern ?.uahine ':<..ange . 

Table VII - '.'.'harite rr.ete orological sta tion (EO 5282) cl i m te data . 

].;ean annual rai.r1.fall 
Highes t daily r ainfall 
},lean daily t empe r a turo 
r.:ean daily max i mum ten:pe r a t ur e 
.Mean daily minimum te perature 
Minimum temperature 
r.:aximu.T"rl days of ga l es/ annum 
Maximum days of snow/annum 
I.~aximu!!! days of fo r:/ anr.um 
Prevailing wind 
}.~ean wind speed 
t.~aximum nind speed 

2,129 mm 
160 mm (Lf-- 5. 71) 
7.7° c 
16 .4- 0 c 
0.8° c 
-4 .0° c (17.7 .73) 
105 ( 1972) 
18 (1 9GB a nd 1969 ) 
252 (1973) 
North-west (56~ of all ob serva tions) 
22.5 k . p . h. (Logan , 1971) 
148.1 k .p.h. (T_ogan , 1971) 
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4.6 Ve~etation . 

The vet;etation of the southe rn 'i.uahine Rance has been described 

on nm~erous occasions (Elder, 1958 a , 1965 ; I.: cKelvey, 1960 ; -~icholl s , 

1962 ; Cunnine;han: , 1966 , 1971 ; James and Beaumont , 1971 ) • De sci•iptions 

of forest composition ano structure , however , made p rior to 1 9L~5 

(F,lder, 1965 : p . 42) are u~recognizable today , due largely to animal 

induced ch~nges (Jarees and Be aumont , 1971 ). Fig . 17 shows s ome of the 

chanr,es t hat have occurred in a 17 year: period (1958 - 1975 ) in the 

lower 'J.aparapa;·rai catchment . 

The vegeta tion pattern and co.rr:posi tion of the study area , a s 

observed in the field &Lcl on panchrol.!:ati8 , colour , ar_d col otn' infrared 

aerial photographs i s nov:r :loscribed . Tl:.e vegetation type boundaries 

(see Fit;. 18) weN:. deter;::ined by stereoscoric photo-:.nterpreb.tion of 

the 1974 (1 :27, 0CC) panchroJ;;atic aerial photographs . 

Vefie to. !:_~C!.n -~-the r_L~ ter~:1ce o ('I') leas or:ly been uB-pped 

(Fig. 18) in the lower 'i.eparapawai c atch~ent. Th e vegetation des­

cribed however , applies to all river t e rraces in the study area . The 

dominant species ara r at;•r.ort ( Sen~t?i?. j:.:ccob.:c~~J , Californian thi stle 

(Cirs.iurn ~-n~!:) , f oxE_;love (D igi~.:..~is ;::~rea), sweel vernal 

( Anthoxanthur:l odoraturn) , Yorkshire fo e; U7olcus J.ana tus) , kororr.iko 

( P.cbc stricta ) , hookgrass (Uncinia spp . ) , occasional I'Tineberry 

(Aristotelb ~rrata), with r ushes (c-:- uncus spp . ) in seepage areas . 

As sociated with these are rimu (Dacr'''~iuf:', ~~_:?sim~) below 700 m 

altitude, toe toe ( C ort'?:_~e_lj..Q; ful vida) , mahoe (: . : el~~.yt~ rar~iflcn·us) , 

and rangiora ( Rr~~~lottis repanQa) . 

Lower _Lodocarp -h~I:~.:_'I ood forest ( P/E) occurs below an alti tude 

of approximatel.)' 700 m. The forest consists of eme rgent rimu , rewarewa 

( Knicht~a excel~) , miro (_Po?-ocarDus ferrtu:ineus) , tav;a ( 3eilschmieda 

t a·sa) , with some l ive r ata ( i:etrosjderos robusta.) and r a r e beech 

( l':o~~10fag~ spp) . A second.ary tier cons i sts of mahoe , put8.putav;·e t a 

( Ca~odetus serr~ tus) , heketara ( OJ.eari~ E_ani) , pigeon\7ood ( Eedycarya 

arborea) , with some karnah .:. and fuchsia (I<'uchsia excorticata) in da;np 

sites . The understory and shrub tier consists of rangiora , five­

f inger (I'e~r.:~~~ :.1rboreu2;-r_:) , tree ferns (")ic:·:soni~ arcrl c·ratht::a spp.) , 

Peppe:ctree (n .,,,..,,'jO \'"i n+e-ra cr·J n·,~ata\ .,r.-1 ~t·--, ~lc> ""' , ], ("'t...~ 'lO ~onu~ - .:._::-.:::_~:_~_: .. :::.:_.::._:._ -~_:'~:__/ t ...... -"'· v J.~ _.:..;- #c,., ~·.G - ~--~~ 

~andens) . '.:-'oetoe and raanuka (Lecd .. os r:errr:u ;;: scoortriuJ.J)are colonis i ng __..___ ___ ... ____ ... , ... ____ , 

many eroded surfaces . There are so ma clec.d heketara . 



H' ' 
+ J g c 17 . R.epea t :tJhotogra:;;hs or the n.o..pe..rapc:raai 

c3.tdme!1 t ta~:er: from : .. 1J,h/39.3512. The top 

photoeraph rras tal:en on ? ·3br·:J.a:::--y 11 1358 , the 

lo·;;e r one on ~ . :arch 21 1975 . r·ot i cable 

differences bet>7een the ti'io are: amount of l oc;s 

in the noTI ~: id.f;r and mor e e roded char.nel , evider.ce 

of mor e st~r.ding dead vecet~tion (rata) in the 

lo-;7er forest , e.nd more erosj_on in Jche upper ca tch...11.er.t 

area (see centre backgroun:i ) . 

;:~ . L . 'S:lder 

(Fe~V Zealand. Forest Service 58/25) . 
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Pepne1·tre e-trec fern scrub (;:;) was only r~,apped in the l\ o . 1 

catchment , in a similar altitudinal belt to the mid- altitude scrub-

. l and_-forest (S/E) . As seen or: t he 1 9~-6 ae:cid photosraphs , this b elt 

thirty years ago '1\as larcely d orr:ina ted by e;r.ergent kano.!:i. Today the 

dominant species a re peppertree and tree fcl'ns . Also present are 

t oetoe D.nd n:iro , the l atte r particul?.rly or! spurs . At the margin of 

many erodine; s l opes peppertree and tree ferns are dead. The vege­

t ation has a i7ind blmm appearance , and e .-po sure is t .touc;ht to b e 

t he cause of their death . r oisture de~icieJ c.v ·;Ea s not considered to 

b e a causative factor because t he vet;etation >;ould no t have g rown 

as r ap i dly as sirr:ilar spec ie s in the rema:i.ncler of the conammi ty until 

they died . 

U_pper scrulll?-.El~::-£'o res!_~/E) wD.s r:15.pped be t·neen ap:1roxirr.ately 

700 to 900 m altitude . This co rnmunity is clor1inatecl bj' pep?ertree , 

tree ferns ar:d r...ahoe . Subdooi nant species are Hall ' s tot:1ra 

( Podocarnus hal lii ) , putaputaweta , niro , fuchsia in gully head 

localities , especiall.Y in the :{_apar apa·:lai ca t c:hr.Gnt , ~-Ojir'O!:>r::a , and 

broadleaf ( Gri~_glini.:l li tt?rali~) . Toe toe , r,,anuka and bush rice­

grass ( J::ic r olaena m·e_!.c: cea ) are common on eroded surfaces . Ce d.ar 

is r a re in this co rr~r;Junity , although there is c onsiderable e vide nce 

of dead cedar . 

Lea.theiT.ood scrubJands (S) which occurs lare;ely ab ove 900 m 

altitude , is dominated by 1eathe r .vood . Ct er species i n this 

community are pink pine on ridge s , bush ric ecras s in isolatecl areas 

and hau[!jak a ro a ( reonam.x s:incnlex) . I.eatheri'Tood is mie; ra ting dovm 

spurs into the uppe r scrubJ.and- fore st , and onto eroded surfa ces . 

On colour i rSrared vertical aerial pho tography many aree.s 

of dead. v e ,c:;eta tion and bare soil ile r e seen ( se e Section 5 . 3) . 

Field inspection reveal ed that t he dead vec;e t a tion was larg ely 

mature leathe rwo od and pink pine . 

4.7 "Ero [;ion . 

Pr evious e r osion phases . 

I n the lo-;; e :r 1t2.})arapa·:;ai catch;:nent the r e are nmr.erou s 

a r,t; r ach t ional surface r e::rr:ants represented. by t e r r.1.ce deposits ( s ee 

transparent overlay 2 (a)) . ;.:ost of t hese si--; o·•r no soil deve l opment 



63 . 
and carry little veget.:=>.tion . Ho;Tever, there are b'lo surfaces wh ich 

occur in the lower 2 .4 km of the stream cha nnel that appear much 

older t!-w.n the ramaind.P.r . On the lo·::e r oost surf2.ce ( N1~l~/39251li- ) , 

2 m above stream J.evel , are some large rimu trees . The other surfn ce 

(F1l+-4/38651 6) "i'ihich is 3 . 5 1:1 above present :;;trear:l level , \Yas noticed 

by the aut ho r once it ';;as exp osed by stre a1:;bank erosion in July 1974 . 

At a depth of 160 cw in t h is terrace i s a 20 em t hick paleosol , w .. ich 

c ontains so;ne oatai (Podocar;1us soicatus) (r . Patel , pers . com.r-r,. ) root 

remains . 

Using 2.n incre:r.ent borer , t he author :le t emine cl. that the 

minimum aee of the r i!':lu tre e s on the lov;ermost t e rrace i.s 200 years . 

The rimu tree s have a n nveraEe height of 29 m e.r.d the minimum dia­

meter at breast heie; ht ( over bc.rk ) is 1 . 1 r.1. As it '.'l ouJ.d. t ake so r.1e 

cons iderable time for rirr;u trees to e sb.blish on an age;rada tior.al 

surface , it is conside r ei that this terrace is a t least 250 to 30C 

years old . The matai root r err.air.s were collec ted for r adiocaroon 

dating , b ut unfortunately had not been proce ssed. a t time of v;riting . 

Grant (1 963 , 1965) , Pain (1 968 ) , Pain and Hosking (1 S70), 

and Blong (1 975) have described deposit i onal surfaces forr::ecl dm'int; 

previous erosion p!:.ases in Korth Island gr ey't;acke catch~:;ents . 'I'hese 

workers c onside r t hat thE: m~dn cause of the perio ds of increased 

debris s uppJ.y are probably the occurrence of extre:-.e climatic events , 

most likely high intens ity rainstorws with associated high v7 i nd 

velocities and attenda nt wind throw of trees . Blong (1 9"75 ) hovre·rer , 

listed a va riety of me chanisms i'ihi ch can crea.te depo sitional sur­

faces in small catchoents . 

In catchme nts where rr.a s s n:.o vements are t he rr.ain contributors 

of sediment to a channel , sediments dep osited in channels rr:ust be 

r elated to the frequ.er..:;y of occurrence of mass movemen ts ( Pain ard 

Hosking , 1970 ) . Cunningham and Arnott (1 964-) c:.nd Grant (1 966 ) hnve 

f ound that oost mass movements in fores ted grcywacke mounta ins occur 

during high intensity , lew frequency rainsto:::iJs . 

As mass movements i n the study area are the rr.ain con­

t ributo r.. of sedicent to dx·ainac;e channels (see Sec tion lh 7 .3) , it 

is c onsidered that agGradational .o.urface s fo rned 250 to 300 years 

ago , occurred durin[; high intensity r a instorr.s . The absence of 



aggradational surfaces in t he ro . 1 catchment is c onsia.e r ed to be due 

t o i t s steeper, narrowe r d 1anne l (see Section l1- . 2. 3) . 

It is irra ortant t o e::cphasise that any ercsion t ha t occurred 

250 t o 300 years ago , took pl ace prior to the liberati on of 

herbivorous marr,;:-:als in the '{uahine Rance . 

4 .7.2 

In this stud.y erosion tYPes are classjfied accoro.ing to 

t he lanclslide classification of Varnes (1 958) . 'J.,his classification 

i s based on type of failure , material invoJ.v ed. , ·:ta ter content , and 

velocity of moverr.ent. Campbell ' s ( 1951) classif'ication, although 

arranged accor;b.nt; to rew Zealand ccndi tions , was not used . Its 

use i s more difficult , e . g ., soil and earth slips are difficu1t 

t o separate in the field . 

F.ros i cn tYPes v.ere largely deterr:1.ined in the field . Ho<;eve r 

1arge w.:tss moverr:ents , narr:ely slumps , v;ere initially iientified on 

t he 1974 (1 : 27 , CCC) aerial photographs . Field iden t ifica tion of 

s l ump s is difficu1 t because of visib i lity p robler~.s . At the cor:uue nc:e ­

ment of the study , slump s ~.-ere thoutsbt to be absent j_r: grefwacke 

l andfori!is . This affected the authors perception in recognising 

such features , particularly on aerial photographs . 

F. r os i on types are n ov; discussed . 

Debris slicles . Tl-:e se are t he most cor.uron erosion type 

r esul tint:; fro m shear failure alone one or several surfaces , ·,'There 

t he mov ing mass is ereat l y deformed , or consist of many small units 

(Varnes , 1958) . Such slides occur jn bot:-:. cc:.tchrnents of the study 

area . Slope angle r a nge , measured by an Abney in the field , on 

which deb r is slides occur is 20 to 60° . The average erod.ed slope 

var i es between 3G ani 42 ° . rost debris sJ.iaes are 1 to 2 rn deep , 

t he z one of failure being generally ·,·r ithin weathered and shattered 

r ock ( see Fig . 19) . 'Jebris slides are most frequent in t he ?OCto 

900 m al tj tude zone , although slopes leading into the loY.-er portion 

of t he r:o . 1 Stream channel are badly eroclcd (see Section Lt- . 2 . 3 and 

Fig . 20 ) . The base of most debris slides occur at stream level . A 

close re1ations.h~p beti:een debris slides and t te ir proximity t o 

strear:; channels :Ln Souther; Californj a v:u.s clescr ibc.J. by "1ice et a l. 

( 1 969 ). '.rhe se v. orkers reasoned that oro sion -,.-as caused at such 



Fig . 19 . Debris slide in t he peppertrec 

t r ee fern clomi n,::. ted zone of the Eo. 1 

catchnent . rote the st~aight fault controlled 

upper mar gin of this debri s slide . This 

rr:ov ement car: also be seen on the Fr ontpiece 

(sl ightly l e:E't of cer:.tre, one t hird of t he >:ay 

up from thEJ b0 t tom) . 

:J;ig . 20 . 

ca tcl-illlen t . 

backgrowd . 

Debris slides i n the lone r ro . 1 

Far mland can be seen in the 
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localities by stree.J:: undercutting and higher pore;-;uter and seepage 

pressures . It is c onsidered. that such factors are partly responsible 

f or increasin~ shear stress and decreasine; shear strent;th of soil nnd 

r ock on slopes of the study area . Other factors predis:::->osing slopes 

to ma ss movement are discussed in , ection ~- . 7 .\ . 

lliJ. Slur:us. '.::'hese coJ::prise one or a f en movin t; units , an'i are 

dE:.:;cribed by Varnes ( 1958) e.s un:ierf or;::ed slides , in i7l-"ich movement 

t ake s plnce o:c.ly along internal slip surfaces . :.~xposecl cracks are 

concentric and concave to-Nard the direc tion of rr:over::Jent . In slumps 

the nove::~ent is r:-.ore or le ss rota r_yr about 2.n axis parallel to the 

s lO})G , the top surface of each unit tilting back-::ar1 to-,-mrci the s1ope . 

Some cocmon varieties of slum:? faiJ.ure are i1Justra ted in Varne s 

(1 958 : p . 25 ). 

Fror:! an aircraft the author hct s recoe;ni?. e :i seve ral sluops in 

t he southern ~uahine R.e_ne;e s , some of ;·;hich arP. visible on the 1946 

panchro~atic aerial photoc; r aphs . J~rnes (1 973 : p . 99 ) raferre:i to 

slump s in the upper Poha:r-.c; ina ca tchcen t of the '~.uahine Ranee , and 

Blair (1 972 ) ~le sc ribed thre e slur:-.ps j_n c rushe:i , cla.yey Torlesse 

Fault Zor.e material in the Bl akely liver catchr:,ent , ~anterburJ . 

'Structur e s r ese ;'lbl inc; t he small cljscontinuous scarps described by 

Beck ( 1968 ) in the Southern Al ps , have been interpreted as slur:ps in 

the 'l'araruas by ·::'ill i ams (1975) , who said that similar structures occur 

in the Ttuabines . 

Three slump s occur in t he study area , t-,·;o are in t he 

Raparapawai catchment , slump A (T-':144./367533 , sec ~ ig . 21 an d Fro n t ­

piece ) and slump 3 (]';11.,-4./378552) , and the other in the l':o . 1 catch­

ment (slump C - T~ 1 ~J+/3585LI-3 ) . ::Jlump A occurs in the filn type com­

parison area ( see ~ection 1 .4) , and its boundary is indi cated on 

transparent over·lay 2 ( a ). 

Slumps A and B are large movements , slu~p A cove r ing 14 . 5 

ha, the l atter 33 ha . Slump C cove r s 0 . 5 ha , and because of its 

small size will not be discussed P.ny further . For;-eve r , due to t heir 

size , and c ap r .. bili ty of causing conside ro.ble dai:-tac;e should the.:r dis­

gorgc large quantities of material into strear:1 chm:r,e1s, c-J.ur::ps A and 

B will 'be described in r..o r o detail. 



~ig . 21 • Cbl:Lque e.erial photot;ral).h. of Sl u:ap 

A. :: r oding headsce.rp and t oe slopes ar e 

clearly seen . ~:o . 1 c e. tch~ent i s pe.rtl y vi sibl e 

in the top of the phctcgr eph . 

Photo : : .- . ~a. . ~rustrliffi 
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~nl;l-mp A is elongate , coverinc; an altitudinal r ange of 21!+ m 

with a maximum width of 350 n: . The avere.ge slope of the headscarp is 

550 , while the ero dj_r.-t; toe has an average slope of 4.0° . 3elm• tr_e 

arcuate heads~arp , a de.n--essed pondint; area lje~ bet;·~een 5 nnd 15° t o 

the horizont<1l. J\ ssurning a conca ve shear plane , slump A h as an 

estimated 1 3 million rr: of material within it . 

Tl:e p onli ng area is f ed by a fracture s·: ring ( see ?ig . 32) , 

situa ted in a fault zone at the base of the J--:eadscarp . The detailed 

alignment pattern on t h is slUI:lp is s hown in Fig . 29 (Section 5. 3) . 

Pending of ''-'Etter in such a position n o c1.ol~bt r::ain ta:..ns a cc nstant 

lubricant for t he s.!tear plane . It is consi~lered signific:::.nt t!-,at t he 

ponding of water has or.ly r e cently occurred, su~:;gest:..nt; r ota ry move­

ment and back;mrd til tint; . 'i'he 1%-6 aerial photographs shoy; a uniforr:J 

vege t ation cover over the uppe r slu:;,l' area . r;:'he author considers 

that tte veee t ation at t hi s time (1 94.6 ) v:as dorr.ir.ated by karr.ah i c.ncl 

peppe r treo on the presen t pending area , a r.d leathe r.•ood on t h e nov: 

well-defined headsca.r p . Present ve ge t a tion at the base of' the te ad­

scarp i s do mi nated by r ushes , rautah i (Carex <' C:-~.inata) , "Jsh rj_cegre.ss , 

and peppertree (some of i'r.hich a r e dying) . :-~u, .e ro us dead tree trunks 

are pre sent . . nother ple.nt present is liver~; ort c ·.::. r ch_2.Il-:ia spp . I . 

Leatherwood is extending down some portions of the heaclsce.rp . The 

extent of the pending area is shoTin in Fi e . 22 . 

Dennes (1 974) established that l andsl ip s in Colo;":'b ja , South 

Ame rica , which had surfa ce morphology similar to mudflo-.:s , were 

attributabl e to a continuo us supply of ·,·ra t e r from a maj or fault . 

The eeneral deterioration of toe and headscarp slopes of 

slump A i s s.ho>m in :Fie; . 22 . Data for t h is fi t; ure was obtained from 

the sequentia l panchromatic ae rial photogr aphs taken in 1 9~£ , 1961, 

1966 , and 1974 usint; a Nikon r efl ex s tereoscop e . Data f or 1975 was 

t aken fro m 35 rr.m co l our aerial photographs using a Casselle. pocket 

stereoscope on a li8ht tab l e . The slope deterioration slwwn in F i g . 

22 is considered to indicate gradual downslope rr.o verr.ent of the co m­

plete slump . Trianglatio:n me asure :ents over a pe r iod of tirr.e vrould 

positively deter:'". i ne if t he re v:as such a do ·,.•r.~..-ard r:overr.er.t . Chanr;en 

in angle of slope of large trees (r:tiro ) t; r ov;:i.ng on the bul0 inc lo·•1 er 

p ortion of tbe e ovement 7roul d prob8.bly give t he ::;ar:·.e info rr:a t i or. . 
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Fig.22. Deterioration of slopes on slump A. 



The author unsuccessfulJ.y atterr:pted to date when the s l umo 

f irst ber;an to move by searching for an esta.bJ.ished tree that had a 

70 . 

. b ent trunk . If such a tree <mre fo unl , and it l1ad ellipb.ca1 growth 

dnr,s outside concentric ones , the number of elliptical rint; s would 

sive a date v.hen d o·:rrlfJ l ope movement corr.:nenced . La:c.rence ard La·Nrence 

(1 928) were able to date lanclslid.es in ;:yoming b~· such a !l:ethod . These 

worf;:ers fotmd that landslicles caused trees to tilt , aml the pre- move ­

Jre nt concentric p.;rowth pa tterr. contra steel markedly ':i i th the post­

rr.overr:ent eJ.ljptical growth pattern . Parize]( Emd ·;:oodruff ( 1957 ) and 

'i.i tchie ( 1952 ) consider that suclder; slumping of surficial soils and 

root mat can tiJ.t trees dol'tnslope , after which they righted therr1selves 

geotropically, producir.g a straight trunk above a sint;le bend . 

The author considers that slump A is in a precarious pos i tion, 

and may s l ide into the stream chanr:el . It is not Y:r..own 7ihetr.er the 

materia.l wouJ..J dan up the chanr,el below it , or floR do·,·m the str eam 

and ont o the farrc;ed lani east of the southerr. "!"l.uahine :tange . However, 

a sr:all slump/clebris slide blocked a major tributar::r of the Ttaparapa·,·;c.i 

Str·cam (I';1Lf4/37451+3) during the 1975 winter period . ','tater cor:ter,t of 

the materi al in the slurr,p at tirr.e of moverr:er,t ·,.;ill probably clete r ::1ine 

whether the materi a l flcv:s or creates a darJ . Large ro ur.de ·i boulders 

in a fl owing ma.ss woul d add to any dar:;ac;e caused . '.'Tolman and l:i11er· 

(1 960 ) cite exam;Jles in Ar::orica wtere large boulcters , up to 1CO tonr..es 

weigh t , were carried dov:nslope by flows and floods . Cond i tions cap ­

able of caus::.nE s1WIJp A to slide into the stre:a~n beloTI it are con­

s idered to be a severe earthquake cent:ced clos e to the area , 7ihen the 

whole movement is saturated with wate r . The chance of tTio such e vents 

occurring close tot;ether admi t tedly are rar e , but as the vegetation on 

the. movement deteriorates , the bounda ry of the r;:overr;ent becoming l ess 

and less stable , with the gradual increase in frequency of i ntense 

r ainstorms (Grant , 1 965) and earthquakes with r:;agni tudes of 5 a n d 

abov e ( see Section 4 .7 .11 . • 6) , t he situation i s not one of lone; - te r rr, 

s tabili ty . 

Slump B is i n t he sha9e of a sector, the circular portion being 

t he headscarp . This movement covers an altitudinal range of 183 m, 

anCl. has a maxirmm niclth of 600 m. There is no heaiscarp erosior: , only 

toe erosion . Ho•;ever, at the head of the movement there are six con­

cer.tric concave terracettes (see Shar pe , 1938: p . 71 ) vrhich P.r e sliGh tly 
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ba ckward tilting, and pending water. 3etween each terrace tte there 

. is a vertical d rop of 6 to 12 m, t he larcest <lisp l a ce1c.ent hein e at 

the head of the movement . Excep t f or the continual ren~oval of 

rna terial frc r::i the toe, slump B does no t appear to be part i cul arly 

unstable at present . 

( iii) _Dehrj.s a_yEanc.!:'~ · These result from rapid flowaee of 

material v.-hich is unco r.solida tsd at t i ne of :flo" (Varnes , 1953) . As 

t ho materi al involved in debris avalanches has a hieh wat·:?. r content , 

enabling rapid flo·::age , they only occur during or folJ ov: ing h eavy 

r~d.nstorhis ( Sharpe , 1938 ; ':''righ t and l:iller , 1952 ; Varnes , 1958) . 

Debri s avala~che~ are characterised by their long narrow 

shape , often occurrin g jn sr:.all f ault controlled. drainage channel s 

(see Figs. 23 and 24) . ~he lonbest debris avalanche i n t he study 

area is abo ut 200 m in length, wi th a wid.th of 10 m. 

Debris avalanches only occur above an altitude of 700 m i n 

the study a rea , the rw ve1:1en t often c ommencint 7; i t.'J in the leather­

wo od-peppertree/fore st ecotone ( altitude a pp roxihiately 9CO m) . 

These erosion types are confi ned to 

l ocalities ,,here ?rate r flows over fault pug ma terial, r ed ani green 

aq~illi te , disrupted soil and rock one roded s l opes ( see Fi g . 25) , 

in small (l r ainage channels , and deer track s in steep head;-;a t e r areas . 

Deer track i ng is very c orr:mon in areas covered by fuchsia . St e venson 

(1954) ani Blair (1 972 ) ha.ve described gully er'Osion i n grey;mcke 

fault pug material . 

( v) ~ockfalls . ~o ckfalls occur ~hen moving rock travels 

mostly t hro·'gh the air by free f all , l eap ing , bounding , or rolling 

with l i ttle or no interaction b et'.•;een one r:1oving unit and another 

(Varnes , 1958 ) . The frequency of rockf all s i n t he study area is 

diff i cult to establish as their pa t h downslope is not easily detected. 

(c . f . ~itchie , 1958 ; ~app , 1960) . Ho·.-:eve r , in t he ~To . 1 catchment 

the re i s a jumb l ed h eap of large sandstone boulders ( 1" 1 !~~/3545!+7) , 

which have recent~ been deposited by a ro ckfall (see Fig. 26 ) . 

Beneath t _ ese oot;_lders are branches that have not yet rotted. . 7he 

site of detacr.rr.er.t , a vertical rock bluff or s ha ttec-ed sancbtone 

clo se to a fault , i s cle3.rly visible above the s trearn where the 



Fig . 23 . ~ebris a.valar:chs which occur r r;:d 

during cyclone Alison (ra.rcb 1~ a.nJ 12 1975) . 

De-tri tus to the right of the s;::J.ll d.rair:age 

channel is lying on top of 4 m hi gh 

peppertree v egetation . The fi gure in the 

channel c;ives an indicJ.tion of .scale . 

Debris avalanche on faul t line 

l'!'ote the depressed ri ~l r;e or: the: d:yline 

(fault trench) a nd r em!1c.nts of the for iT.e r 

vegetat i on . 





J!'ig . 25 . Showing r i ll erosion which has 

occurred in material at the base of a 

debris slide/ slwup rnovemE:mt . location 

is iJ14l;/375533 . 

2G . Showing nngular sandstone rocks 

deposited by a rock fall . The tree trunk 

in t he t op left of the photograph has a 

diaoeter of 50 em . 
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rocks came to rest. Follc~ j ng a snowfall in August 1974, the author 

saw some small rocks, up to 5 em in diameter, bounding down poorly 

• vegetated slopes. It is suggested that as the time of observation 

was 1300 hours, the erosion trigger could be the thawing of soil 

and rock. 

~ock slides . These result from shear failure along one or 

several surfaces , where the moving rock is greatly deformed, or con­

sist of many small units (Varnes, 1958). l.iovement is controlled by 

pre-existing structural features , such as faults, joints, and 

bedding planes . Rock slides have occurred in both catchffients of the 

study area during 1975. The most common site of failure is steep 

shattered rock bluffs leading into stream channels. 

Wind. Wind erosion has been witnessed by the author in 

the study area . However, the significancE: of wind erosion is unknown. 

All factors predisposing bare soils to wind erosion (Butter·field, 

1971) occur in the study area. Between 800 and 900 m altitude in 

the south-east of the No. 1 catcl'illlent, soils at the margins of debris 

slides have all be en smoothed by the wind, so that rock fragments 

protrude from the exposed soil . Vegetation at these points, namely 

peppertree and tree ferns, is dying. The cause is considered to be 

exposure to strong winds , poss ibly containing soil material ( see 

Section 4.6). Zotov et al . (1939), Elder (1965), Esler (1 969) , and 

Logan ( 1971) describe soil and fore st damage caused by very strong 

winds in the Ruahine and northern Tararua Ranges . 

(viii) Channel erosion . During the 18 month period the author 

has been ob serving changes in the study area, considerable channel 

erosion has occurred . Such erosion occurs when streams incise into 

charu1el deposits, meander patterns change, and stream flow rises 

following heavy rain in the study catchments. Although no bedload 

measurements were made , a line was painted across rocks and logs 

from one streambank to another ( at N11+4/387516), this line being 

visible from a photographic point~ Sequential ground photographs 

from tl1is point gave a record of streambed changes that have occurred. 

The largest streambed chanr,es at this point were stream incision and 

channel widening which occurred after cyclone Ali son in !<arch 1975 . 
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4.7.3 Increase in area of eroded slopes since 1946. 

The increase in area of eroded slopes was determined using 

a dot grid (25 dots/ em) and a Yikon reflex stereoscope on the 19Lf-6 , 
1961 , 1966, and 1974 panchroffiatic aerial photographs . Each catchment 

of the study area was divided into three altitudinal zones (see 

Section l-1- .2.1). Figures obtained for each zone were corrected for 

photo-scale. Eroded slopes were classed according to aspect . Four 

aspect classes were recorded (see Section 4 . 2.5). Data are shown 

in Fig . 27 and summarized in Tables VIII and IX. These data are 

only for eroded (bare) slopes: a large portion of slump A and slump 

B ( see Section 4 .7.2) is not shown in these results. There is 

another 10.7 ha of slope on slump A that is Gtill vegetated . 

Table VIII - Areal increa se in eroded slopes betw·een 1946 _§lld 1974. 

Altitude Area 1946 1974. 
(ha' Area eroded Percent Area eroded Percent Percent 
' ) 

(ha) (ha) increase 

Ko. 1 catchment 

< 700 m 155 4.9 3.2 8.6 5.5 72 
700 to 900 169 7.2 4.2 13.7 8.1 93 

m 

> 900 m 51 0.25 0.5 0.8 1 .6 220 

Ra;eara;eawai catchment 

<700 m 565 5.5 0.97 15.7 2.8 189 
700 to 900 356 9.4 2.6 19.6 5.5 111 

m 

>900 m 49 0.4 o.8 1 .1 2.2 175 

Totals · 13lf-5 27.65 2.0 59.5 4.J+ 120 
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Table IX - Co mparing eroded slcne s (a s at 28 .3 . 74) a.n<i. slo,;ee aspect 
(perc er:ta6eT: 

Altitude 1'-orth F.ast ~outh ~·· est 

Fo . 1 catc}urrent 25 15 11 49 

< 7CC m 21 40 19 20 
700 to 900 m 28 18 14 40 

> 900 ;n 30 70 

RaEarapa·Nai catchment 12 40 14 34. 

< 700 m 15 37 12 35 
70C to 900 II! 18 50 8 24 

> 900 m 25 75 

These data shov; t hat: 

(a) Between 1946 and 1974, a period of 28 years , there has been 

a 120 percent increase in the area of eroded slopes in the Ko . 1 and 

Raparapa~7ai catc.b.ments . The highest percentage increases have 

occurred in the >9CO m altitude zones (leatheruood scrublands) ani 

the < 70C m zone (lower podocarp/hardwood forest) in the "l.a:_Jarapa·;:ai 

catchment. :'hese three zones hov;ever, still have a significantly 

lower percentage area of eroding slopes than the reu.aining zor:es . As 

these three zones had<l percent of slopes eroding in 1 946 , it i s con­

sidered t..l}at any erosion subsequent will sho77 a !::ore cl.r ar:atic per­

cent increase than i n the areas tl::at had between 2. 6 and 4 . 2 per­

cent erod.ed slopes in 1946 . ':.'his illustrates t he f act that percent 

increase is not necessarily a good criteria f or locat:ng the v.orst 

erosion areas. ':'he i\"" orst erosion has occurred in those altitudinal 

zones that had high percentages of eroded slopes in 1946, and a mod­

erately high percentage increase in eroded slopes between 191+6 and 

1974, namely, the 700 tc 900 m altitudinal zones in both catchments: 

(b) The most erosion prone slope s in both catchments have an 

easterly aspect . I\orth-facing slopes are less stable than west­

facing slcpes. South-facing slopes are the most stable. A higher 

percentage of eroded slopes occur in the dominantly i"iest-facing No . 1 

catchment , than in the "?.aparapawa i catchment. However, the 

Raparapawai ca~chr.1ent has 40 percent of its slopes fac ing east . 

Cnly 15 percent of the slopes in the :f\:o. 1 catcf1.Dent have an 
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easterly-aspect. This indicates that the factor or f actors predis­

posing east-facing slopes to erosion is dominated by some other 

• inf'luence (see Section 4.7.Lt-.5 and 4 .7.4.6). It is considered that 

the slightly higher percent of the No. 1 catchment in the worst 

eroding zone (see Section 4.2.4) would not have a significant affect 

on the overall percentage of eroded slopes. 

Between 1946 and 1974 a mi ni mum of 320,000 m3 of material 

has been removed from slopes in the study area. 

~4~·~7~·~4--~F~a~c~tors causing erosion. 

4.7.4.1 Variety of factor~. 

Va1~es (1 958) said that in only a few instances can a 

particular mass movement be attributed to a single definitive cause. 

The processes which lead to slope failure mi ght well have be gun when 

the rock was formed , and subsequent movements , weathering , and 

erosion, have a.ll contributed to potential slope instabilit-y . The 

last event which causes a ma ss movement to begin movement downslope 

may be quite trivial, even though it is necessary in t he chain of 

events. Sowers and Sowe rs (1951) consider that in most cases a number 

of causes exist simultaneously, and so attempting to decide w!-'.ich 

one finally produced failure is difficult and may be incorrect. 

Often the final factor is nothing more than a trigger that set in 

motion an earth/rock mass that was already on the verge of f ailure . 

All slides and flows , but not falls, involve the failure of 

earth/rock materials under shear stress. Varnes (1958) gives a com­

prehensive list of factors that can initiate such fa ilures . Varnes 

divided these into (a) the factors that contribute to high shear 

stress and (b) the factors that contribute to low shear strength. 

The latter were discussed in detai l by Selby (1970). 

4.7.4.2 Effect of herbivorous mammals on vegetation, soil, and erosion. 

Comments are restricted to the effect of deer, goats, and 

opossums, those mammals continually present within t he study area . 

Sheep and cattle periodically graze t he indigenous vegetation. Hares 

frequent sub-alpine scrublands in the southern ::tuahine Range , but in 

very lovr numbers (James and Beaumont, 1971). 
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::_ormnittee of Inquiry (1939) , Zotov (1 94-0), Holloway (1951, 

1959), Van 1 t '.'louclt (1 951), I.:cKelvey (1959), Pohlen (1 959 ), Pracy and 

Kean ( 1969) , Holloway et al. ( 1963 ), At kinson ( 1961~), and Howard ( 1966 ) 

have outlined the effect of deer, goats, and opossums on indigenous 

vegetation , soils , and erosion on mountain catchments in rew Zealand • 

. ~. Cunninghar.: , a l"ew Zealand Fores t Service scientist who 

has been working in t he ~uahine Range s since 1961, gives a co mp rehen­

sive summe.ry of these affects . Cunningham ( 1974- : p .40-1~1) s tat ed : 

"The influence of animals on vegetation goes f a r beyond. t h e mere 

obvious r eduction of plant mat erial by grazing and brows i ng . Sec ond_­

ary effec:s are insi dious but cumul ative, and can lead to an increase 

in pathoeenic activity and to change s in microclimate nhich may com­

bine to threaten the he~lth cr even existence cf the plant cc~munity . 

Grazing and browsing r eLlcve foli age , reduce carbohydrate formati on, 

restri ct root developrr:ent , and lo ·ser availabl e v;a ter r ese:r'Ves. 

Browsing , in p articular, reduces p l ant vigour, creates wo unds for 

ins ect and fungal attack , and opens the canopy, increas ing the ter:-!p­

erature r ange and ir.fluencing t he microclima t e . Bro·::s ing of' flowers, 

seeds, a nd seedling s may retard or halt the r eplacement cycle. Per­

sistent selective bro>tsing ultimately char.ge s the vegetative struc ture 

and r educes diversity in the flora. 

Antler rubbing causes damaee to foliage , bark , a nd cambium , 

r edt.:.cing pl ant v igour and opening wounds :f'or the entry of disease . 

Bark r ubbing , cutting , biting, and s cra tching rr;ay similarly exp ose 

the cambium or sapwood to disease . From t ime to time ungula te a~imals 

loosen stones a:::d boulders on steep slopes, t hese r oll down and damage 

plants in their path. 

Perhaps the mo st i ns idious damage of' all is soil deterioration . 

CJ.oven hoo ves of deer, p j_gs, ru1d other ung:1lates exp ose raw s oil to 

dessication , and soil compaction is probably one of the most s erious 

of effects . A good soil s.h::mld l1e mois t, :friabl e , well drained , and 

with adequate organic matter . Suc h a soil will be well aerated and 

will support a soil life rich in earthviol~ws , a rthropods , b a cteria, 

and ma1:y other organisms which pla '/ a vi t a l role i~ plant health. 

Compaction by animaJs redu:;es aera tion end soil organisrr. s ancl lo·;mrs 

soil drainage , all of which i n turn reduce plant vigour and pave 



the way for disease". 

Vegetation is less able to ameliorate raindrop impact and 

retard surface runoff once it has been detrimentally changed by 

herbivorous mammals. Erosion potential on slopes and in stream 

channels is greater when this occurs. 

so. 

Grazing animals, particularly goats (1.:cKelvey, 1959), 

markedly slow down the rate of regeneration on slipped surfaces, 

thus predisposing already eroded slopes to further erosion . Since 

1946 there has been very little regeneration of indigenous plant 

species on eroded surfaces in the study area. 

As there is a higher precentage of pal a table plants in the 

southern Ruahine Range than in the remainder of the Ruahine Range, 

J ames and Beaumont (1971) said that herbivorous rr~rr@als have caused 

more vegetation damage in the former. Repeat photographs taken in 

1958 and 1975 shov.- some 0f the vegetation and erosion changes over 

the period (Fig. 17). 

Through their effect on vegetation and soil it is irrefut­

able that deer, goats , and opossums have increased the incidence 

of erosion in the study area : to what extent though is very difficult 

to determine. Jarr,e s ( 1973) attempted to define the extent to which 

the increased erosion between 1 946 and 1963 in the upper Pohangina 

catchment , Ruahine Range , and mammal effects were interrelated. 

James concluded that the influence of mammals, particularly opossums, 

has had some part in causing erosion. 1.~ ost of the increased frequency 

of erosion occurred in those vegetation types wh ich have suffered most 

from mammals , in particular the rata/kamahi and red beech forest. 

In -addition, the area of mass movement in the sub-alpine scrublands, 

which were least influenced by rr~mmals , declined during the same 

period (1946 to 1963) . 

In the study area, the highest percentage of eroded slopes 

occurs in the 700 to 900 m altitude zone, that portion th8 t was 

largely dominated by kamaJJ.i forest . However, the highest percentage 

increase in erosion, over the period 1946 to 1974 has occurred in 

the sub-alpi.ne scrubl ands (see Section 4.7 .3). 

From observations made in the study area and in other southern 

Ruahine Range stream catchments, it appears that kamahi, although Vf'lry 
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palatable to opossums , may have died primarily owing to some other 

cause or causes. This is because : 

( a ) large kamahi in the subcanopy of the lower altitude podocarp -

hardwood forest appear heal thy. Even though there has been consid­

erable browsing of young indigenous plants , some small kamahi plants 

have survived. Palatable rata, but strangely not the kamahi , in 

this forest were affected by opossums before the opossums moved into 

the higher altitude kamahi forests (Elder, 1965). If defoliation by 

opossums has been the main factor causing karna...h i mo:ctali ty, then 

surely one would expect the kamahi in the low altitude forest to 

succumb before t hose at a higher altitude, which grew in a much 

harsher climate. 

(b) In the 700 to 900 m altitude zone where old kamahi trees 

have died, young shoots often appear at the base of the old stump . 

This phenomena is widespread in southern "lluahine Range , (A .H . Leigh, 

pers . co rnm . ) . These shoots have not been browsed to any extent and 

are sheltered by the now J.ominant peppertree and tree ferns. 

(c ) Statements by other workers, namely r:lder (1958 b) ani 

Franklin (1967) , indicate that there is more involved in tr~ death 

of kamahi (in the southern Ruahines ) than just opossum defoliation. 

Elder noted the striking difference between kall'ahi damage in the 

Tararua and ~uahine Ranges . Eis only explanation was a possible short­

age of nesting sites , which he said was hard to demonstrate . FranJdin 

noted that in the Tararua Range many of the rata are dead or dying , 

their death no doubt hastened by the activities of opossums , but there 

was no widespread mortality of kamahi . It is also interesti ng to note 

that Elder (1965 :p . 52) said • •• "It is , however , an open question how 

f ar the death of rata can be attributable to opossums ; it ' s death on 

Kapa ti ( 1907 ) and it ' s sudden death over a short period at Waikanae 

(1 936) appear to have other causes" . 

The author sugeests that climate cbanges (see Section 4.7.4 . 3) 

may have been primarily responsible for causing ka~ahi mortality, a s 

well as the death of the peppertree and tree ferns in certain areas 

of t he 700 to 900 m altitudinal zone ( :Sections ih6 and 4 .7.2) . 
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Introduction of herbivorous marr .. mals to the study area . 

Goats have been present in the study area longer tb.an any 

other mammals. They were first seen in the head of the Raparapawai 

catchment as early as 1919, and were thought to have crossed the 

range from the Cpav;e catchment. However , their earliest reported 

liberation was in 1925 (Elder, 1965) . Goats spread slowly :from this 

point, reaching \'.'hari te about 1955, and the upper Pohang ina valley 

about 1959. 

Deer were reported to be in 'heavy concentrations' in t he 

upper Pohangina catchment by the early 194-0s , but few deer were 

south of here. From 1945 until 1962 deer steadily increased through­

out the southern ~uahine Range (Elder, 1965). 

Opossums were liberated on both sides of the southern 

Ruahine Range between 1920 and 1936. By the late 191+0s there was a 

general mcvement up into the mid-altitud.e forest, and in this favour­

able habitat numbers increased rapidly (J ames and Beaumont , 1971 ). 

Present distribution o:f ~a~mals . 

James and Beaumont (1 971) established the distribution of 

mammals in the southern Ruahine Range. Deer are more common in the 

south-west, preferring the zone just beloN the leather;vood scrublands. 

During the 30 days spent in the :field no deer were sit;hted in the t;o .1 

catchment (south-west portion), but 11 were sighted in the Raparapawai 

catchment . Goats are common in the No . 1 catchment, 4 being sigh ted 

while in the field. Opossums have their highest frequency in t~e 

south-east, preferring the low altitude forests. 

4.7.4.3 Effect of rainfall on erosion . 

As strearr~low is a residue o:f rainfall, it is axiomatic that 

floods result :from rainstorms. Large rainstorms can cause serious 

erosion in mountain catc}1..ments, even when the indigenous vegetation 

is in a satisfactory condition (Cunningham and Arnott, 1964). How­

ever, t he magnitude and frequency of storms is not constant from 

period to period and naturally floods and erosion damage folJ.ow a. 

similar pattern. Although tr..ere may be cumulative effects from either 

one major storm or from sev8ral moderate storms, Grant (1 966 ) con­

siders that the history of major river regime changes, particularly 
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if the rate of change is considered, closely mirrors the histo~ of 

storminess, flooding, and erosion. 

From studies of major regime changes in the upper Tukituki 

River, Grant (1965) determined that prior to the introduction of 

herbivorous man~ls , the tempo of change has accelerated. The last 

major river regime change was initiated in the 1930s, and had become 

pronounced by the late 1940s , and in the upper catchment is still 

continuing . Grant (1965) postulated that small area rainstorms had 

increased in intensity since about the 1930s. This postulate was 

later examined (Grant, 1966) using maximum daily rainfull data since 

1900 for 16 rainfall stations having a coverage of 7 , !+90 km2• 

Although daily rainfall values may be of lirni ted use, Grant ( 1966 ) 

considered that preliminary analysi s strengthened his 1965 postulate. 

Since 1900 the four decades of greatest regional storminess 

and erosion potential , in descending order of magnitude are (Grant , 

1966): 

1 • 1931 to 191+0 

2. 1911 to 1920 

3. 1951 to '1960 

4. 1961 to 1965 

Grant also found that the period 1931 to 1960 was stormier than the 

preceeding 30 years, and the indications are that t.his higher level 

of average storminess persists. 

As many new mass movements occurred during heavy rainstonns 

in the 1930s, 1950s , and 1960s, Grant (1965) suggested that a great 

deal of erosion on the eastern side of the ~uahine Range is primar­

ily due to rainstorrr:s. Grant ( 1969) statei that rainstorms "exert 

an influence that outweighs the influence of animals". As the 

pattern of erosion surface increase is similar in both catchments 

of the st~dy area (see Section 4.7.3), it is considered- Grant ' R 

(1965) sugeestion is probably true for the western side of the 

Ruahine Range as v•ell . 

Grant (1 968) has also established that the mos t droughty 

sumr::er period of this century was 191+6 to 1958, for autunm the 

current period since 1958 is the most droughty. 

Flood history of the i.:anavratu River presented by Jame s 
. I 



( 197 3) sugge sts that Grant's f':l.ndings are probably relevent f'or the 

J,:anawatu i.iver catchmer:t in general terms . Ho-.vever, f'loods recorded 

for the J.:ana-;vatu "!{iver at Palmerston North , do not necessarily give 

a complete record of' localized intense rainstorms in the southern 

Ruahines, as suer events can be largely unnoticed downstream. rrone ­

theless, Jame s (1973) said it could be argued that the increased 

frequency of' mass movements between 1946 and 1963 in the upper 

Pohangina catchment could be simply related to t he greater number of' 

storms that occurred in that period. 

4.7 .lt-.4 F:ff'ect of' f'ire on erosion. 

The inf'luence of fires on vegetation ar~ erosion has beGn 

discussed byEsler (1963; 1969), who worked in the Tiritea catchment. 

The vegetation of the Tiri tea catchment, in the northern Tararuas , 

and the vegetation of' the southern Ruahines can be regarded as mirror 

images (Elder, 1965: p.41). Esler (1963) considered that a fire in 

1760 v;as the primary cause of forest cover destruction, which was 

further dama.ged by herbivorous ma rr:mals and wind , lead to bare ground 

and erosion. James (197.3) mentions f'ire-damaged vegetation in the 

southern i.uahine Range, evidence of' which still exists today. 

Except f'or areas adjoining the f'armed footh~ lls, the author is 

not aware of any fires having occurred in the study area. 

Although fire has not been a signif'icant factor t o date in 

causing erosion in the southern ~uahines, it co uld be in the near 

f'uture. CUnningham (1972) considers that the peppertree-tree fern 

scrub (S) and the upper scrubland-f'orest (s/H) vegetation types 

(see Section 4.6 and Fig .1 8) now contain much potential fuel which 

readily dries out in summer, and thus constitutes a serious f'ire risk. 

4.7.4.5 T?.elationship between f'aults and erosion surfaces . 

1'he close relationship betVI"een faults and lineations and 

erosion surfaces f'or the Raparapanai Catch!Eent i s seen when trans­

parent overlay s 1 (a) and 2 (a) are placed over Fig . 3. A similar 

relationship is seen for the No. 1 catchment whe n transparent over­

lays 1 (b) and 2 (b) are placed over Fig . 4. 

Fault dens ity and percentage- area eroding of t he three 

altitudina l z one s in the study area are shown in Table X. 
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Length of fault trace (km) 
Fault density = 

Area of zone consider ed (ha) 

85. 

Table X -Comparison bet~Gen f~ult d ensi t y and erosion severity ____ _ 

No . 1 catchment 

<700 m 

700 to 900 m 

>900 m 

1laparapawai catchment 

< 700 m 

700 to 900 m 

>900 m 

Fault density 
km/ha) 

0.052 
0.13 
0.065 

0.004 
o.C50 
0.065 

Percent of a rea eroded 
(at 2_8. 3. 74) 

5.5 
8 .1 

1 .6 

2.8 

5.5 

2.2 

Data from Table X show that for the < 700 m and the 700 to 

900 m altitudinal zones, the percentage area eroded increases with 

increasing fault density . Compared to the other altitudinal zones, 

the >900 m zones whi0h have the smallest percentage area eroding , have 

quite high fault densities . It is considered that the more gentle 

slopes ( see Section 4.2), more intact vegetation (see Section 4.6), and 

the possibility of small discontinuous scarps (Beck, 1968) being present, 

and not faults as mapped, explain this difference . As small discon­

tinuous scarps are gravity rather than tectonically controlled, earth­

quakes would not disturb them as much as faults, so that erosion is 

less likely following such an event. 

Comparing the No . 1 and Raparapawai catchments, the No. 1 

catchment has the highest fault density and the highest percentage 

area of eroded surfaces as at 28 .3.74 (see Section 4 .7.3 ) . 

4 .1.4 .6 t elationship between earthquakes and erosi on occurrence . 

The study area is in a tectonically active region that is 

characterised by shallow or normal earthquakes (Eiby, 1958) , i.e., 

those within the crust or close to its base , of large to intermediate 

average displ a cements (Gibowicz , 1975) . },:any research work ers study­

ing erosion processes have indicated that earthquakes can be an 



important trigger causing mass movement (~harpe, 1938; Terzaghi and 

Peck, 1948; Varnes, 1958; and Selby, 1970). 
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It ia generally considered (Eiby, 1957; Hodgson, 1964; Press 

and Brace, 1 966; and r,;enard, 1974-) that the earthquake mechanism is 

most adequately explained by the elastic-rebound theory, proposed 

following geodetic measurements before and after the 1906 Californian 

earthquake (~eid, 1911). According to this theo~J an earthquake is 

the result of strain release caused by the sudden shearing motion 

along a fault. 

}.:any workers have mentioned the effect of earth<j_uakes on 

erosion in New Zealand axial ranges. '!'aghorn ( 1927) observed fault and 

a.ssociated erosion features in the northern ':tuahine Range. He considered 

that the fea h1res were probably ce_used during t he violent ~ 866 Hawke's 

Bay earthquake. Eiby (1968), however, only described an earthquake 

centred in Hawke's Bay on February 231863, which was f'elt over most of 

the country. r~his earthquake caused damaged and ground fissures at Nap ier. 

Campbell (1 945) rep orted that a considerable number of land­

slides occurred in the ':tuahine "P..anges follo wing the 1931 .Hawke's Bay 

earthquake. Tris earthquake had a magnitude of 7.75 on the ~ichter 

scale (F. iby, 1968). However, Elder· ( 1965) noted that no damage he_d been 

seen in the ~ue_hine Ranc e attributable to this earthquake, but exten3ive 

slip and rockfaull daraage followed the 1929 },:urchison earthquake , 

magnitude 7.75 (~iby, 1968). 

Robbins (1958) described the large scale mass movements ar~ 

vegetation damage in the 'limutaka Range caused by the 1855 ';.'airarapa 

earthquake. This earthquake which had a magnitude of 8.0, is the 

most severe knovm. in New Zealand (Eiby, 1968). 

Burrows (1975) has found evidence that a large landslide was 

initiated by an earthquake caused by movement on the Porters Pass 

fault. He suggested that earthquakes have probably caused hillside 

instability in the Acheron River valley, Canterbury. 

To deterrr:ine the relationship between erosion and earthquakes 

in the proximity of' t!--,e study area, the number of earthquakes with 

magnitude ~5 on the >1.ichter scale and epicentres \'lithin 100 krn of 

the study area were plotted agains t time (see l<, ig. 28). The number 
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of magnitude 4 shocks would be roughly 10 times as great as the num-

• ber of magnitude 5 shocks, and of magnitude 3 shock s, 10 times as 

great again (G.A.Eiby, pers. co mm.). Only four earthquakes shown in 

Fig. 28 have magnitudes > 6. In 1942 two earthquakes had magnitudes 

of 7.0, in ·1947 an earthquake had a magnitude of 6.1, and in 1951 
there was a 6.2 magnitude earthquake. 

Earthquake data wa s obtained from Hayes (1953), Seismological 

Observatory (1 939 to 1954, 1955 to 1968 , and 1971), Eiby (1968), and 

unpublished Seismological manuscripts covering pe riods 1969, 1970 

(January to !liarch, and November to December), 1972 to 1974 (up to 

March 28). 

The number of earthquakes per annum are not plotted beyond 

1939 due to the nature of information available. Data for 1939 to 

1941 is not as accurate as the remainder of the data. Since 1941 
the more sophisticated seismological instruments used to detect earth­

quakes would not account for the increasing frequency of earthquakes 

with time (G.A.Eiby, pers. comm.). This might have been the case if 

earthquake s with magnitudes < 5 were being considered. Hayes (1953) 
has recorded 38 earthquakes with magnitudes ~ 5 between 1848 and 1948 

with epicentres within 100 km of the study area. Earthquakes recorded 

between 1848 and 1930 were destructive shocks only, those between 1931 

and 1948 were all shocks recorded. 

The relationship between earthquake frequency and increa se in 

eroded slopes in the study area is she~~ in Table XI. 

' 

Table XI RelationshiE between earthquakes and eroded surfa ce increase. 

Period Earthquakes/ Eroded surface Eroded surface 
annuny'period increase/annum increase/period 

ha ha 

1 .1 .39 to 2.1? 
9.10.46 

9.10.46 to 1 .8 0.3 6.4 
12.12.61 

12.12.61 to 2.0 2.0 10.0 
26.1.66 

26.1 .66 to 3.4-+ 2.0 15.6 
28.3.74 
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Data from Fig. 28 and Table XI indicate that there has been 

an increase in frequency of earthquakes since about 1939. However, 

there has not been a sill1ilar increase in the area of eroded surfaces/ 

annum. Thus earthquakes with magnitudes ~ 5, located within 100 km 

of the study area, do not directly trigger mass movements in the 

study area. Total increase in eroded surfaces for the periods 

between aerial photographic flights and increase in earthquake freq­

uency/annum for the same periods, however, have a similar pattern. 

It is considered that earthquakes with epicentres within 100 kin of 

the study area and magnitudes ~ 5, have an indirect effect on mass 

movement in the No. 1 and Raparapawai catchments. Once earthquakes 

~ave caused movement along the many fault li11es in the study area, 

predisposing slopes to erosion, there must be some other factor or 

factors that have a more direct triggering effect on mass movement 

occurrence. Such a trigger mechanism is thought to be rainstorms 

of a certain return period. However, due to the lack of any rainfall 

in~ensity data, this can not be substantiated. 

The last rainstorms of any consequence in t he southern R.uahine 

~ange occurred in early 1971. R.esul tant flood damage i..-as recorded by 

1':anawatu Catchment and Reg ional 'Sater Board ( 1972). t.~onthly rainfall 

at Wharite meteorological station for Januat"J and l.~arch 1971 is 395 

and 375 mm respectively. The high Janua!"J figure is due to cyclone 

Rosie which passed over the area between January 3 and January 8 

(New Zealand J.~eteorological Service, 1971). 

4.7.4.7 Summary. 

The main points emerging from this section are: 

(i) Erosion is a recltrring feature of this area. Erosion phases 

have occurred prior to the int roduction of herbivorous mammals . 

( ii) Between 1946 and 1974 there has been a 120 percent increase 

in area of eroded slopes. A 60 percent increase has occurred in the 

upper Pohangina catchment between 1946 and 1963 (James, 1973) . 

(iii) The worst erosion in 1946 , when animals had had little effect 

o~ vegetation, and i n 1974, wa s in the 700 to 900 m altitudinal zone. 

':!'his zone was largely dominated by karnahi. The highest fault density 

of each catchment is in this zone . However, the highest percentage 
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increase in erosion between 1946 and 1974, was in the area where vege­

tation has been least affected by herbivorous mamrr:als. These animals 

·have had their most dramatic effect on the vegetation of the 700 to 

900 m altitudinal zone. It is probable t hat many of the affected 

plant species were in a aelicate state of equilibrium, to which the 

influence of anir als 'broke the camels back '. Animals are ve~ 

efficient at halting revegetation on eroded slopes, predisposing them 

to further erosion. 

(iv) J,:o.st erosion occurs on easterly-facing slopes, but the ·west­

facing No . 1 catchment has more eroded slopes than the largely east­

facing Raparapawai catchment . Fault density is considerably higher 

in the former catchme~t, and it also has a higher precentage of 

melange-type rocks (see Section 4.3). All other factors considered 

likely to have caused erosion have had approximately the 3ame effect 

on both catchments. 

(v) A positive relationship between earthquakes and erosion has 

been tentatively established. 

(vi) Most erosion occurs during and following intense rain:3torms. 

(vii) Mass movements , in particular slumps, pose a considerable 

threat to downstream inhabitants and property. 

(viii) As there have not been any low frequency rainstorms in the 

southern Ruahine Range for some time, the erosion causing effects of 

the many earthquakes which have shaken the area recently, have not 

yet been realised. Thus the next low frequency rainstorms in this 

area will cause substantial erosion damage . The effects of this on 

erosion control have been briefly discussed by Stephens (1975). 

4.7.4.8 Conclusion. 

Erosion in the study area is the result of a number of 

interacting causal factors. 

It is considered that the main factor predisposing the steep 

slopes in the study area to erosion is the instability of the densely 

faulted and shattered melange-like rock s . The increasing frequency 

of medjum sized earthquakes since about 1939 is thought to have 

caused movements along faults, making slopes even more susceptible to 

other erosion causing factors, the main one being low frequency 

. I 
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rainstorms. The period 1931 to 1960 has been stormier than the 

preceeding 30 years. The effect of herbivorous mammals and other 

causes has had a devast&ting influence on some plant communities, 

reducing canopy protection, ground litter, and soil stability. 

Since 1946 veF~ little revegetation has occurred on 

eroded surfaces. 

l 

; 
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S E C T I 0 N 5. 

COMPARISON 0"' COLOlJ't, COLOUR. HTF"RA"-?ED, A!-:D PA~TC !-lRO~.~-A.TIC FILJ.,~ TYPES. 

5.1 Introduction. 

The purpo se o~ this section is to establish which is the most 

sui table ~ilrn type to use in determining priori ties ~or erosion con­

trol. The main objective of' colour, colour i~rared, and panchromatic 

aerial photo-interpretat~on was to assess the capability o~ each film 

type to show the ~ollo-;ling features which eff'ect erosion in the study 

area: alignments, eroded surfaces, vegetation types and condition, 

rock type, pug zones, seepage areas, and drainage pattern. ~or this 

assessment transparencies of the three ~ilm types were compared 

stereoscopically on a light table. 

5.2 Considerations relevant to this assessment . 

(i) Tone and colour range. The amount of' information that can 

be recorded on a photograph is related to its tone or colour range. 

Thus a black-and-white photograph, having all tones (values) ~rom 

black to white, is better than a similar photograph o~ which the 

tonal range is ~rom darl$: grey to light grey (Allum, 1970). The 

dif~erent intermediate tones are analogues ~or the various colours, 

and the easier they can be separated, the better. Colour ~ilm of~ers 

two additional dimensions o~ hue (colour) and chroma (strength o~ 

colour). These two dimensions can be quantified by use of a lt.unsell 

Colour System. Hue , value, and chroma make colour films easier to 

interpet and provide an interpreter with one more ~actor on which to 

base his judgment. The human eye can separate more than 100 times 

more colour combinations than grey-scale values (ratio 20,000:200) 

Heller, 1 970). 

Any advantage true colour has over colour infrared (false 

colour) photographs, ha-s to lie in the similarity between the colour 

depicted on the photograph, and the colour o~ corresponding objects 

on the ground (Colwell, 1954). Thus the more realistic the colour, 

the more useful the photographs should be. In these circumstances 
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there is no point in having a wide colour range: the true colour 

range is what is required. 
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With colour infrared photographs, the visible colour range 

from red to blue depicts scenes photographed. As these colours are 

unlike the natural colour of an object, the lack of realism can 

cause initial interpretation difficulties (Allum, 1970). Hor.ever, 

the greater range of vividly contrasting colours used in the depict­

ion of a scene makes possible the separation of images that would 

not be possible on true colour photographs. 

(ii) Pamiliarity with film types. Prior to this stu~ the 

author had not worked wi th colour or colour infrared aerial photo­

graphs. Interpretation difficulties were not encountered with either 

of these film types . Before t he first aerial photographs were taken 

(26.12.74) the author had some ground knowledge of the photographic 

study areas, and could identify obj ects on the photographic images 

; with ease. Colour infrared photographs were more satisfying to work 

with because of the bright contrasting colours (reds, blues, and 

purples. See Figs. 31 and 32:c), compared vrith the dull greens arrl 

browns on the colour photographs. Carroll (1973) noted that many 

workers have difficulty in interpreting the unfamiliar tones of 

colour infrared photographs, and others have experienced confusion 

and irritation caused by the vivid blues and reds of t t e natural 

landscape. 

(iii) Threshold of interpretability . The point at which a photo-

graphic image is interpretable is known as its threshold of inter­

pretability (Allum, 1970). The lower the threshold of interpret­

ab~lity, the easier and more accurate is image interpretation. Factors 

other .- than film type which affect threshold of interpretability, 

namely , the interpreter, scale, atmospheric conditions, and resolution 

were approximately the same for each film type being compared. There 

appeared to be very little loss of definition on transparencies which 

:c All colour and colour infrared photographs shown in this thesis are 
t aken from transparencies, and colour reproduction a nd image sharpness 
are not perfect . All photographs have been enlarged approximately 
3.5X. 
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were made from panchromatic negatives. Although resolution is a 

negative function of the lens, type of emulsion, aperture, size and 

contrast of object being photographed, image motion, ~~d processing 

conditions (\'Telch, 1968), the author could detect boulders, maximum 

diameter 3 m, in streambeds equally well on all three film types. 

5.3 Comparative photo-interpretati on. 

( i) Alignr:1ent s. Aligr~ent patterns in the t~o photographic 

study areas (see Fig. 5) were determined using 1:18,000 vertical 

colour, colour infrared, and panchromatic aerial photographs. In an 

attempt to make the comparisons as obj ective as possible, film types 

were interpreted at weekly intervals. It was hoped that during such 

an interval the location of alignments previously mapped by the 

author had been forgotten, so that at the corr~encement of photo­

interpretation of each film type, the author had an open mind. The 

order of film type interpretation was panchromatic, colour, and then 

colour infrared. 

Aerial photographs taken on June 6 1975 (see Fig. 31) were 

used for comparative photo-interpretation. These photographs were 

chosen because the colour infrared film was considered to be in good 

condition (see Section 5.4-), and no shadows existed at the time of 

photography, the sunlight being diffused by high cloud. Figs. 29 and 

30 show the alignment patterns mapped using the three film types. The 

total length of alignments mapped on each fil~ type is shown in 

Table XII. 

Table XII- Length of aligr~ents mapped on each film type (km). 

F~lm type Photographic study area 
No. 1 Catchment Raparapawai Catchment 

Colour 4-.2 3.8 
Colour infrared 7.3 7.1 
Panchromatic 2.9 4.5 

It is obvious from these results that colour infrared is the 

most suitable film type to use for mapping alignrrents in the study 

area. Owing to the very complex pattern of alignments, and the lack 

. I 
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o~ suitable bedrock exposures along most of them, faults and line-

ations were not considered separately. It was assumed that the mos t 

suitable ~ilrr typ e for mapp ing alignments is also the most suitable 

for w~pp ing fault s . Colour and panchromatic ~ilm types have approx­

imately the same level of interpretability for mapping alignments. 

It is not kno11n why a low number of alignn•ents vr ere mapped 

in the No. 1 catcrilllent using panchromatic ~ilm . A possible reason 

could be that the alignment pattern is not as clearly defined in 

the young dominant vegetation of this photographic study area (see 

Section ~.6), and panchromatic is the worst film type for recogniz-

/ ing vegetation communities and patterns within them (see Section 5.3). 

It can be seen on Figs . 29 and 30 that some alignments were 

recognized on panchromatic and colour photographs, but not on colour 

i~rared photographs. This indicates that more inforwation is 

available to an inte1~reter who uses a combination o~ film types. 

Alignments can also be r ecognized on oblique aerial photo­

graphs, but no comparative tests were made because o~ di~ficulties 

in obtaining stereoscopic photographs of each ~ilm type. 

When colour i~rared transparencies were projected onto a 

screen, alignments were also more easily recognized than on pro­

jected images of colour and panchroma tic transparencies. Eowever, 

once an alignmen t was recognized on a colour infrared transparency, 

it could invariably be seen on the other two when the three were pro­

jected onto a screen side-by-side, or compared over a light table. 

This indicates that the threshold of interpretability of colour in­

~rared photographs is lower than that of panchromatic or colour 

ph_otographs. It is considered that the ease wi th which plant species 

and communities can be distinguished by observing di~ferences in hue, 

value, and chroma of vegetation spectral signatures (see Table XIII) 

is the main ~actor responsible for a lower threshold of interpret­

ability. 

(ii) Eroded surfaces. Eroded surfaces can be easily 3een on 

photographs o~ the three ~ilm ~es. However, such surfaces are more 

discernible on the colour i~rared aerial photographs because of the 

greater contrast between eroded surfaces (brilliant green-blue , see 

Table XIII) and vegetation (purples, reds, and light browns), than 
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Table :XJII - Spectral_§.~_@a tures o_f domina:nj;_ vegetat_ion types, bare 

g£~9:.., __ ~9£1s __ §:!!.~-~-~age are9-s as de~_gnn in.ed by colour 
and colour infrared aerial photography using Tnter­
Societ Colour Councils - National Bureau Standards 

OBJECT 

Leatherwood 

Tree ferns 

Mahoe 

Mira 

~imu 

Pink pine 

Peppertree 

~~oetoe, Grass 

Bare ground, 
Sandstone 

Spilite 

Seepage areas, 
Pug zones 

Poorly drained 
areas 

Fuchsia 
summer 26.12.74-
winter 6.6.75 

Dead vegetation 

centroid colour chips (Kelly and Judd., 1968). 

COLOUR 

ISCC-tms DESI GJ"TATIO:r/ 
Mtn-:SBLJ, JWTATICN 

medium yellow green/ 
0.5G 5.5/4.8 

II 

II 

greyish yellow olive 
green/ 4 .6GY 3.5/2.0 

medium olive green/ 
5.7GY 3.6/4.8 

" 
dark orange yellow- , 
purplish orange yellow/ 
9.3YR 6.0/7.9 -
9.2YR 8.7/4.4 

light yellow brown/ 
5.0GY 8.4/5.6 

yellow white/ 
4.5Y 9.2/1.2 

greyish brown/ 
5.5YR 3.5/1.8 

" 

medium yellow green/ 
4.8GY 6.0/5 .0 

deep olive gr een./ 
8 .0GY 2.2/3.6 
medium yellow brown./ 
9.5n 4.4/3.9 

light grey/ 
6.7Y 7.4/0.2 

ISCC-NBS DESIGNATION/ 
MUNSELL FOTATION 

mediui'TI purple/ 
6.6P 4.5/7.1 

light purple/ 
6.2P 6.5/6 .5 

very light purple/ 
6.5P 7.8/ 5 .1 

very rea/ 
5.0R 3.9/15.4 

deep rea/ 
5 .1 R 2 • 8/1 0. 1 

II 

light yellow brovm­
deep yel1ow brown/ 
8.71~ 6.5/5.0 -
8.8YR 3.1/5.0 

p3.le yel1ow/ 
4.7Y 9.0/3.8 

brilliant green blue/ 
4.6B 5.9/7.7 

very dark greenish blue/ 
5.0B 1.5/3.6 

" 

dark grey blue/ 
9.2B 2.7/2.0 

not established 

dark grey/ 
N 3.5/ 

dark grey blue/ 
3.7B 2.7/5.0 
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between yellow-white and green colours, respectively, on the colour, 

and differences in grey tones on the panchromatic aerial photographs. 

• Some small areas of bare ground are only distingui shable on the 

colour infrared aerial photographs. 

On cloudless days erosion surfaces facing directly into the 

sun at the time of pho tography tended to be slightly over-exposed on 

photographs, with a res '.lltant loss of surface detail. However, as 

tonal qualities on t he print of a negative film can be altered in 

processing, it has an advantage over positive film in this regard. 

(222) F.rosion typ es. Identification of erosion types on the 

three kinds of aerial photographs is possible using morphological 

criteria. However, microtopographical detail on erosion surfaces 

is more discernible 11i th colour infrared and colour aerial photo­

Graphs. Flow patterns on some debris avalanches can be recognized 

using colour infrared aerial photographs. Gullies in debris slides 

and debris avalanche s are more prominent on panc~~omatic and colour 

infrared photogr aphs. This is possible because the dark grey tone 

of water channels on panchromatic, and dark blue-black cham1els on 

colour infrared provide sufficient contrast against eroded surfaces 

on the respective photographs. These chanr.els are difficult to de­

tect on colour aerial photographs, particularly when eroded surfaces 

have a high moisture content. 

( iv) Vegetation "b;pes and condition. Vegetation types and 

communities are readily distinguished by observing differences in 

hue, value, and chroma of their spectral signatures (see Table XIJI) 

on colour and colour infrared aerial photographs. On panchromatic 

a~rial photographs, vegetation types and corrmunities can be distin­

guished with difficulty by observing differences in grey tones. Other 

less important elements of photographic images used in identifying 

vegetation in the photographic study areas are texture, shadow, shape, 

size, pattern, and site. Colour infrared spectral signatures have a 

greater range of hues, values, and chromas than colour signatures. 

This is because the sens i tivities of the emulsion layers and the 

colour balance of the dyes of the former, enhance and amplify colour 

differences more than on colour photographs. Thus colour infrared 

photography enables more accurate and quicker vegetation identific-
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ation than colour or panchro~atic photography. 

The author was able to distinguish low growing vegetation 

(grasses and toetoe) on eroded surfaces using colour ir£rared photo­

graphs. This vegetation was generally not visible on either colour 

or panchromatic photographs (see Fig . 31). 

A poorly-drained area (pending area o~ slump A, see Section 

4.7.2) is more easily identi~ied on colour i~rared photographs 

(see Fig . 32). The absorption o~ infrared and red radiation, and 

the reflection o~ some green radiation by water which is surrounded 

by green plants (re~lecting mainly i~rared radiation), shows as a 

dark erey-blue colour wjth some red and yellow mottling on colour 

infrared photographs. The colour o~ mottles is dependent on the type 

o~ vegetation present . This contrasts markedly with the signatures 

o~ surrounding vegetation. On colour photographs there is a very 

slight colour change between vegetation in this poorly-drained area 

and its surrounding vegetation. Cn this ~ilm, water surrounding 

plants is not recorded. On panchromatic film, vegetation height and 

texture is the only means o~ delineating ~his poorly-drained area . 

The presence o~ dead vegetation is easily seen on colour 

infrared photographs. ':"his is shown by green-blue to blue colours, 

depending on the extent o~ dead ~oliage at the time o~ photography, 

green-blue signatures occurring when vegetation has only recent~ 

died, When vegetation has been dead for some time, bare ground re­

~lects more green light through the depleted bare branches, stems , 

and canopy (which reflects red light) giving a blue signature. Dead 

vegetation can be seen on colour and sometimes on panchrorr~tic photo­

graphs when dead trees protrude through the live canopy. \there dead 

trees ·are approximately the same height as the live canopy, e.g., 

dead pink pine amongst leatherwood, they can only be detected on 

vertical colour in~rared aerial photographs . 

(v) Pug zones and seepage areas . Pug zones and seepage areas 

are clearly seen on colour infrared aerial photographs (see Fig . 32). 

However, the spectral signature o~ these objects and of spilite are 

very similar ~or each ~ilm type, and generally ~ield investigation 

is needed ~or positive identi~ica tion. The author found that wi t hout 



~ig. 31 . Vertical aerial photographs of the ~ro . 1 

catchment photographic study area using iif:f'erent 

film types . Top, centre , and bottom photographs 

are colour, colour infrarei, ~nd panchromatic 

respectively. Date or photography is June 6 

1975. 1\:aj or vegetation types are indica ted: 

peppertree (?), tree ferns ( T) , and miro (E). Grass 

and toetoe (V) are clearly visible on the colo~lr 

infrared photograph, but are difficult to see on the 

other two photographs . Stream chanr.els and eroded 

areas are also more clearly seen on colour ir~rared . 

Scale is approximately 1 :5,000. 





32 . Vertical a erial photogr aphs of t h e 

R.aparap a >7ai ca td!..-nent phctogr a:9h ic stud:{ area 

using diffe r en t; fil :rr, t ype s . r.1h i s stu:iy a r e a a lso 

encomp a s ses Sl uE;p A (see ~ecticn L~ . 7 . 2 1 • Jate of 

photo&rapny is April 19 1975 . ::''ote ef fect of 

shade~ on ri ght of each photograph . Seepage 

area on a fault ( ~ ) a nd p o~dir-c a r ea ( P) in t he 

upper portion of Slurr.p A are indica t ed on the 

colour inf're.rGd photogr e.p h . rote the 

difficulty of s eeing the seepage area on the other 

tw-o photograph s . :: c a le is a :;Jp r oxba t ely 1 : 5 , OCO . 
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using c olcn.li' infrared alongs i de colour and panch r c rr;at ic photoera:phs , 

pu~ z ones and seepa5e areas were often not seen on t he latte r . The 

· r ecoe;nition of such features on c olour infrared gene rally pernitted 

their r ec ognition on the other two filn types . 

~.·tater , >7hich r eflect s sowe gr een but v er y l ittle red and no 

infr ared radiation , is r ecorded blue - black to blue on colour i nfrar ed 

photoGraphs , dep e nding on the amow.1t of gr een light r eflected ( Allum, 

1970) . Generally , the hic;her the moisture content of t he pug zone 

or seepage a r ea , the more black is the sisna ture . 

(vi) Drair;.ago chan :els net in shadow a re r::os t 

; 

easil y r ecogr..ized on c olour infrared photot;raphs . 'l'hey are ruost diffi­

cult to recogni ze on colour photograp h s . ~<or.-eve r , v;hen a drair,ar,e 

channel is in shado\'r at the time of photocraphy , l;m:c.b.rc:rn. tic fil :n i s 

t he most suitable to use for its detection . In this situation , colour 

i nfrar ed i s the l east effective film type to use . 

Tilble Xrl shows t he ease 

wi t h which t be author could i nterpre t the various ob j ec ts men tioned 

abo ve using 1: 18 , 000 vertical aerial photographs of t he three fi lQ 

t ype s being compa~ed . 

Tab l e xrr - 'tank of e3.se of interp r e t a t ion . 

Obj ec t Colour Colour infrar>-") d :Panchr omatic ------

Alignme n ts 2 1 2 
Eroded surfaces 2 1 2 
Er osion types 1 - 2 1 1-2 
Vegetati.on types 1 - 2 1 3 
Dead v eget:1 tion 3 1 4 
Pug zones and 2 1 3 
seepage a r eas 
Dra i nage patter n 2- 3 2 2 

1 ea sily recognizable and identifiable 
2 r e c ogni zable a nd identifiable 
3 r e cognizable and ide ntifiable ·.vith some difficul ty 
4 r e cognition and i dentification uncertain 
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Spectral signatures on panchror:1a tic and colour aerial photo ­

graphs r emaine::l reasonably c onstar..t , irresp ective of season of photo ­

graphy and batch of fil m used . Eo¥ieve r , colour bab.nce varied to 

some exteDt or.. colour infrared photographs (see Fig . 33) . 

For this study, t hree batches of colour irSrare:i fil rr. nere 

used , and all gave slightly differer..t signatures . The first batch 

was only one mont!-1. from its expiry cla te ~then used, and each photogr aph 

had a blue appearance . Kodak Bktc:. chrome Infrared films are somewhat 

sensitive to agine (Eastwan Kodak Corr.p any , 1972) . f.gecl film 1-rhen 

exposed has a blue app earance . Sicnatures on the second and third 

batches ?;ere much the :sar:-.e , although the t hird batch gave a red- bronn 

rendition of image s reflecting infrared radiation . This is due to 

oversens i ti vi ty in the infra. red. ernul sion layer (:~<: a stman Kodak C ompar:y , 

1972) , and can be co mpensated for by using a Cyan-2 filter or storing 

(or aging) the film at room temperature b efore furth er storaGe in a 

freezer . Eastman !(odak Co mpany ( 1 972) give procedures and colour 

compensating f ilters that can be used s o that colour adjustrr.ents can 

be rr:ade p rior to aerial photography . ':'his ensure s that the co1our 

balan ce of different films is standardised . In this study , colour 

evaluation •·;as not done prior to aerial photor; raphy , but it is re­

commended before furthe r u se of t his film type is undertaken . 

Another factor which could have l ead to the diffe rence of 

signatures is exposure . Exposure reading s were taken with a light 

meter sensitive to visible light or~y . Colour infrared film is 

sensitive to both visible and infrared ligh t , and exposure ~ay not have 

been exactly correct for the concli tions . However, the exp o sed tran s ­

parencies appeared to be wi thin ~ stop of correct expo sure . 

Spectral r efl ectance in the infrared regio n is gr eatly 

affected by such conditions as the season and vrater content of the 

soil (Fritz , 1967 ) . Infrared aerial photographs nere tak en in summe r , 

autumn , and winter, and the change in refl ectance of infrared rad­

iation fro n the canopy may have caused some of the s}:ift in colour 

balance . 

T{eticul a tion of some infrared film occurred . 'i'his is due to 

either incorrect processing (E . D. Trask , !;ew Zealand Aerial !.~apping : 



Fig . 33 . ~hc~ing difference in colour balance of 

colour infrarei film . Date of photogr3.phy is 

June 6 1975 ( -'-op ~ "'l~ - _l'l_pr-_; l_ 1 q 
" I ' ~ ·~ ~ 

These two photograpl!s of -the se.:::e area also 

sho11 the effect of d:adow in tl-:is n:ountainous area . 

':'he to_p _p hotograph •·;as tal-: en luring cloudy 

conditions , ~nd is considered to ~ave correct 

colour balance . Scale is approximately 1 : 5 , 000 . 
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pers. comm.) or to poor film storage (J.R. Clouston, Photographic 

Unit, 1f.assey University: pers. comm.). 

5.5 Cost co~narison of a~Fial_pho~ographY using each film type. 

The photographic platform, film, and camera sizes used in 

this study would not be used as a method of aerial photographic sur­

vey for large areas of land. Thus comparison of costs involved in 

this study are not realistic. E.D.Trask (pers. corun .) has kindly 

given the followine comparative costs (see 'l'able XV) for vertical 

stereoscopic aerial photography of an area 16.1 km l ong by 12.1 km 

wide (area 19,500 ha), equal in size to the southern 'l.uah ine Ranges . 

Table rv - C~EP,arative costs for vertical aer~3l nhoto~raphy, at 
two scales, using dif~erent f i l m types, of an area 

totallinG 19, 5CO ha . 

Film type Scale of photography 
1 :10 000 1:20 000 

Panchromatic ~1,595 $1 ,011 

Colour transparencies 
(reversal film) 

32,060 ~ 1 '1 51 

Colour prints ?2 ,820 ~ 1,379 
(nega~ive film) 

Colour transparencies $3 ,352 :;,1 ,539 
(negative film) 

Colour infrared transparencies $2 ,4-19 $1,259 
(reversal film) 

Multispectral I 2S $1 ,903 $1 ,548 

- Points to note when comparing costs for this hypothetical 

situation are : 

( i) An IDa< 30/23 camera with a 304-.8 mm lens (except for multi-
2 

spectral I S) would be employed to give a 22.8 by 22.8 em forwat. 

Multispectral images would have to be enlarged to t his format size 

in a colour additive viewer. 

(ii) Costs are based on current Lands and Survey scheduled rates 

and would be subject to any variation in these. 
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(iii) Figures in Table XV are a r easonable guide for a photographic 

survey of the stated area or larger, but a reduction in area or ch~1ge 

in shape of an area can substantially affect costs. 

(iv) As more than one flight may be required to expose more than 

one film type, costs involved if the various film types were exposed 

at the same time were not determined . 

5.6 Ccncliti c•ns most suitable for aerial photography . 

Climate conditions, time of day, and season of year are 

/ important f actors partly controlling the qual ity of aerial photo­

graphy, especially that of steep mountain areas. 

Photographs taken during the winter months , even when the 

sun is high in a cloudless sky, show large areas of shadow within 

which very little detail is seen (see Figs . 32 and 33). Kost detail 

in shadow is seen us ing panchromatic film. Colour is better than 

colour infrared in t his regard. On June 30 1975 aerial photographs 

were taken a few days after a snow storm. As sno~7 was still lying in 

shaded areas, some detail wa s seen, especially bounclaries of eroded areas . 

For the least shadow, the most suitable time of day and 

season of year for aerial photography is from 1100 to 1300 hours, 

during summer. However, the photographic flight on June 6 1975 was 

completed during high cloud, so that the sunlight was dif'fused 

allowing only weak shadows to be formed, and as a result all slopes could 

be seen on the photographs (see Figs. 31 and 33). Such a cloud cover 

in winter reduced the alraady weak illumination, necessitating wide 

aperture camera settinr, s. 'Myers (1975) found that complete alto-

stratus cloud cover wa s the most suitable weather condition for aerial 

photography for the mapping of rock outcrops beneath trees. 

The optimum conditions for aerial photography in the southern 

Ruahine Ranges are considered to be a high cloud formation during 

summer which diffuses sunlight without seriously reducing total 

illumination. 

5.7 }.:ulti sp9ctral photography. 

Spectral signature s of eroded surfaces are blue on colol~ 

infrared photographs ewing to green light reflection. :r.:ul tispectral 
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aerial photography, especially using E~TS (I~~SAT) band 4 (sensitive 

to 500 to 600 rill, the wavelength o~ green light) may well yield more 

i~ormation o~ eroded sur~aces than the three ~ilm t ype s compared in 

this study. It is considered that mul tispectral aerial photography 

should be compared with the otr.er f'ilm types used in this study be­

~ore any ~urther aerial photography in the southern "Ttuahine Ti.ange 

is attemp ted. 

5.8 Conclusions . 

0~ the three film ty_pes compa r ed in this study , colour 

i~rared is the most sui table to use when determining priori ties 

for erosion control in the Douthern R.uahine Ranges . However, more 

i~ormation can be obtaine d by a photo-interpreter vrhen more t han 

one ~ilm type is u sed . Taking account of costs and c apability of 

panchromatic and colour aerial photography, it is considered that 

colour infrared and panchromatic would be the most sui table com­

bination of film types. 

}.Iul tispectral aerial photography may well be more sui table 

than colour i~rared, but to aid interpretation it may have t o be 

used in conjunction with either panchromatic , colour , or colour 

infrared photography. 
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S E C T I 0 N 6. 

PTlOCEDlJll,":S TO D;;:TSm.:n:E P'UO?..I'l'IES FOR EROSION CCF'rROL JI'~ TEE 

In Sections 4 and 5 of this thesis the benefits of using 

sequential aerial photographs, various film typ es , and observations 

and measurements made in t he field for evaluation of some factors 

causing erosion in the study area and southern Ruahine Ra~~es are 

illustrated. 

Listed below are a number of salient procedures that should 

be undert~ken so that priorities for erosion control in the southern 

Ruahine Ranges can be determined: 

1. All sequential aerial photographs of the study area should 

be obtained. It is stressed that high quality panchromatic prints 

are necessary to yield the maximum amoun t of information for an inter­

preter. These photographs will provide an important record of moun­

tain land conditions at various times dating back to 1946. 

2. To obtain the maximum amount of essential and up-to-date 

information, vertical aerial photography using colour infrared, or 

preferably, colour infrared and panchromatic film should be under­

taken. I.~ul tispectral aerial photography may be of more use than 

colour ir£rared and panchromatic photography. The scale of photo­

graphy should be as large as possible, up to about 1 :4,000. 

Aerial photography should be undertaken during the summer 

months, if possible around midday when there is a high cloud ~over. 

The author is a•·;are of the practical problems of photography at 

such a precise time, but it is essential that the most amvunt of 

physical information is permanently r ecorded by this method of data 

acq_uisi tion • . 

3. A sound knowledg e of grouni conditions i s essential. 

Familiarity with ground conditions is a pr erequisite for detailed . 
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photo-interpretation, the information rrom mlich will racilitate 

• later rield examinations. 

It would be be~ericial ir personnel involved in these 

surveys had varied scientific backerounds because of the wide range 

of casual ractors. 

The objective or such surveys should be to obtain the 

following information wh~ch relates to factors causing erosion, 

eroded am potentially erodible localitie s , erosion types, and 

erosion severity . 

(a) The fault pattern as well as an understanding or the base­

ment geology , emphasis being placed on interpretation of structure 

and identification of lithological units und.ergoing or susceptible 

to erosion . 

(b) Information on vegetation types and communities and their 

cond:i_tion. Condition ir. this instance rerers to the position or 
species and comnunities with respect to indigenous rorest succession, 

and whether they are healthy or declining. 

(c) Information on herbivorous mammals, their population dynamics 

and feeding patterns. Establish, if possible, the exact cause and 

errect relationship between herbivorous mammals , vegetation con­

dition, and erosion. 

Forb and c above, rield personnel should have cognizance 

of previous indigenous vegetation and herbivorous mamn~l surveys. 

(d) Efrect of clirra tic elements on vegetation condition arrl 

erosion. 

4. When action fore rosion control is begun, priority should be 

given to subcatchments on the basis of a system similar to that · 

which is outlined below. Tt'or all areas requiring erosion control a 

numerical rating value could be established using the suggested 

rating values in Table XVI . ltating values were determined by the 

author after consideri~g the many interacting erosion causing 

factors discussed in Section 4 . The higher the total nunerical 

rating value of an area , the higher is its priority fore rosion 

control. 
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Table :lCVI - '?.ating values of' factors determining nriorit y for 
erosion control in the southern ~uahine ~anges . 

111 • 

Factor Factor limits or seve ri ty Value 

Potential erosion 

Present ero sion 

Fault density 

Lithology 

Slope angle 

Vegetation 

Altitude 

Aspect 

Downstream protective 
value 11 

Extreme 
Very severe 
Severe 
MoJerate 
Slight 

Extreme 
Very severe 
Severe 
Moderate 
Slight 

High 
Medium 
Low 

Unstable 
Stable 

>40° 
30 to 40° 
< 30° 

Poor or nil forest cover 
Reasonably intact forest cover 

> 900 m 
700 to 900 m 
< 700 m 

East-facing slopes 
North-facing slope s 
VTest-facing slopes 
South-facing slopes 

High 
Low 

x Determined largely on a political basis, which is often 
difficult to forecast. · 

8 
7 
6 

' 5 
4 
' 
5 
4 
3 
2 
1 

7 
4 
1 

6 
3 

6 
4 
2 

7 
2 

7 
5 
1 

4 
3 
2 
1 

10 
2 
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5. When the above inforoation has been obtained and each 

subcatchment given a numerical rating value , such areas should be 

• delineated on accurate maps . These maps should be of such a scale 

that they can be used by field personnel 7dth relative ease and 

accuracy in terms of locating themselves and eroded slopes in the 

mountainous soutl->.ern R.uahine R.ange s . 

Concludin~ st~tecent . 

The success of an erosion control scheme is strongly 

influenced by thorough planning before contro:j_ v;orks are initiated . 

V.'hile the costs of determining priorities for an erosion control 

scheme are substantial , prevention is far less costly than cure . 

Planning in the manner described in this thesis would appear urgent 

and very much in the national interest. 
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A P P E N D I X I 

AERIAL PHCTCGH.A ?HS Ol<' S'fUDY A~?}~A - R1Jl': AND PIIOTOGRA?H i'1.:fl'BE'?.S 

Date 'Run number Photogr~n~~bers 

9.1 0 .46 527 57 - 62 

528 59 - 63 

?.12. 61 3025 9 - 11 

26.1.66 3907 12 - 14. 

28 .3. 74- SN.3721 12 - 15 

SF3721 ,T5 - J7 



APPEND I X II. 

GLOSSA?_7 CF PJ~}J\'T YJ\r.:ES USED IN TEXT . 

broadleaf 
bush ricegras s 
Cal i fornian thistle 
cedar 
five-finger 
foxglove 
fuchsia 
Hall's to tara 
hawnakaroa 
heke t ara 
hook grass 
kamahi 
koromiko 
leathervrood 
liverwort 
mahoe 
manuka 
matai 
miro 
mountain beech 
peppertree 
pigeonwood 
pink pine 
putaputaweta 
ragwort 
rangiora 
rata 
rautahi 
red beech 
red tussock 
rewarewa 
rimu 
rushes 
snovTgrass tussock 
supple j ack 
sweet vernal 
taw a 
titoki 
to e toe 
tree ferns 
tutu 
wine berry 
Yorkshire fog 

Griselinia littoralis 
Microlaena avenacea ----Cirsium arvense 
LI'broced.rus bjdwilli i 
Keopanax t:trb_2.~~ 
Dig italis~~ 
Fuchsia exorticata 
Podocarpus h3.llii 
J'Teonanax si~ 
Olearia rani 
Unc inia spp. 
'.'Te i~.Jnannia racernosa 
Hebe stricta 
Oleari a col.ensoi 
Marehmt '"iaspp-:-
~..zj;u~ ~E:.if]or~~ 
Lept~~~rl~ scopar_2.~ 
Podocal"J.l.Y..!2_ ~ca tu s 
Podocarpus_ ferrucineus 
Nothofagus solandri 
PseudovrinterD. colorata -----Hed.J.9_9,rya arborea 
Dacr.I9-iun biforr:le 
Carpodetus serratus 
~enecio-j Qc obaea 
Brachye;l.SJt ti~ reDal~~ 
J.Ietrosideros robusta 
care~eemii-~ta-­
Fothof agus fu~ 
Chionochloa rubra 
Kni (?htia ~elsa 
Dacrydium cunressinu:m 
Juncus spp . 
Chionochloa r:allen_s 
R.hipogon..::~~ scan2-en~ 
Anthoxanthm1 odora tum 
B'eils-;h'~iieci"ia ta>la 
Al.ectryon exce1sus 
Co rtaderia fulv i da 
Dicks_~nia and Cza_t hea spp. 
Coriaria arborea 
Aristotelia serrata 
Holcus J.a.na 'cus--

139. 



Sar.1ple 
location 
(K1 J-+4 ) 

358539 

35351.;.8 

34-5555 

357538 

368535 

.368535 

383529 

A P P E N D I X III KIKEPcALCGY OF FAULT PUG M.ATE'RJAL 

liajor minerals 

Kaolinite 
Chlorite 

L lCa 

.\ 

Vermiculite 
Fon-collapsable 1 .2 nm 
~ixed-layer material 

I\: icn 
Chlorite 
J,:ontmorilloni te 

Jo.:ont morilloni te 
I.:ica 
Kaolinite 

v · j,, lca 
Chlorite 
Kaolinite 

r.:ica 
Chlorite 
Kaolinite 

1:ica 
Kaolinite 

Minor minerals 

Mica 

Vermiculite 

Chrolite 
Iron oxide 

Percent total 
clay 

27.3 

17.0 

21 .o 

21 .o 

19.0 

19.0 

32.0 

Comments 

No peak with Kg
2

+ saturation. 1.83 nm peak 
wi th glycerol treat:r£nt. 

1.'iontmorilloni te more unstable than in 
F14lt-/34-5555 sample. 
1 .57 nm peak with l.lg2+ saturation 
1.80 ~~peak ~~th glycerol 

Sampled on surface at base of slump A. 

Sampled at 1 m depth at base of slt~ A. 

Crystalline Iron oxide not apparent in 
unheated Na+ saturation, but small peak at 
0.4-2 nm on heatinb • Probably due to Iron _,. 
Oxide whose ident ity is uncerta:in . All \.N 

spilite (red) fault pugs c cntained this -~ 
mineral . 

'• r:: 
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379532 

371534 

365535 

366532 

369530 

371532 

371532 

400508 

A P P E N D I X III 

Eica Iron oxide 
Kaolinite 

Collapseble mixed- Chlorite 
layer r:1aterial 
\Femiculi te 
Kaolinite 

Kaolinit e 
Idea 
Chlorite 

Vic a Iron oxide 
Kaolinite Chlorite 

Kaolinite Iron oxide 
f!~ ica 

Kaolinite Iron oxide 
l\: ica 

Kaolinite 
Lie a 
Chlorite 

Kaolinite Chlorite 
I·.:i ca 

(Continued) 

20.0 

23.0 

40.0 

55.0 

15.0 

16.6 

14.6 

23.0 

-
As for JII1L~i/383529 sample. 

With :Na+ saturation, -mixed-layer material 
formed a peak at 1.2- 1.3 nn. On heating 
a peak was formed at 0.9 - 1.0 nm. 

Same as for N144/383529 sample. Sample 
from top of slump A. 

Same as for t\1 ~1/383529 sample . 

Same as for N144/383529 sample. 
~ed spili te pug. 

Blue black (sandstone) pug from. same 
fault as one immediately above . 

Sample from r.:ohaka Fault. 

_,. 
\..}•/ 
en .. 

t 



APPENDIX m SOIL MAP OF CAR PARK CREEK 
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SCALE 1: 5,000 

50 0 50 100 150 200 ••• 
metres 
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-
<stream channel bed 

0 

' Catchment boundary • 
0 ' Rus 

0 \ Soi I boundary 

TpH Soil symbol 

~ Eros ion surface 

. 'f-.\ B.\\)E.B. SOIL LEGEND ( also see text l 

\ ~~~ SOILS OF THE FLAT - ROLLING LAND 

I Tp I Taka pari peaty loam 

I D tax I Dannevirke silt loam taxadjunct 

SOILS OF THE MODERATE TO MODERATE- STEEP SLOPES 

l0 oRuMSI Ruahine steeplond soils. rnod. steep -steep phase 

I TpH I Tarapar( hill soils 
I D A ) Dannevirke hill soils 

SOl LS OF THE STEEP TO VERY STEEP SLOPES 

I 0 oR uS l Ruahine steepland soils 
I o0 R u vs] , very 5 teep phase 

SOILS OF THE VALLEY FLOOR 

I R ·1 recent soi Is 
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A P P E F D I X IV. 

SOil; PROFilE DESC-q_IPTIOFS. 

Ruaroa sandy loam. A typical profile has 25 en of medium 

brown loose,stl'uctureless , coarse sandy loam. Beneath this there 

are alternating loose fine sand and medium stone horizons, which 

make up 30 em or the profile. This changes to 22 em of friable, 

medium brown silt loam, with a weakly developed nut structure . l.~any 

strong brown mot t les are present. ~his overlies rounded sandstone 

terrace boulders and gravels, up to 30 em in diameter. 

Renata silt loam. A profile under peppertree shows 1 em 

of litter overlying 13 em of very dusky-r ed, friable silt loal!l, 

with strongly developed nut structure. This changes to 30 em of 

dark brown friable silt J..oam with a weakly developed nut structure. 

At a depth of 43 em, there is a 3/4 em thick, discontinuous, dark 

reddish-brown iron pan; the result of do·.mward r~ ovement and 

deposition of iron. The lower subsoil consists of 43 em of yellow­

ish-brown weathered rock with many strong brown mottles and many 

unweathered rock fragments. 

Ramiha hill soils. A representative profile shows 20 em 

of dark brown friable silt loam, with strongly developed nut 

structure. '?.oclc fragments occur in places in the top soil which 

overlies 38 em of yellowish-brovm friable silt loam, with mcc1erately 

developed nut structure aP.C. many rock fragments and boulders . The 

underlying rock occurs at depths varying from 38 to 76 em. 

Renata h i ll so ils . These soils consist of a thin layer of 

loess overlying rock, the rock being exposed on some slopes. On 24 

to 28 degree slopes a typical profile has 18 em of dark brown friable 

silt loam, with a weakly developed nut structure. This r ests on 12 

em of dark yelloviish-brown friable silt loam. Beneath this horizon 

is 40 em of yellowish-brown mottled silt loam, with weakly developed 

block structure. \'feathered rock occurs at depths varying between 

50 to 70 em. A discontinuous iron pan varyine in thickness from 3/4 
to 2 1/2 em immediately above the bedrock is a characteristic of 

this . , 
SOl..: . • 



I 
' 

uhuse. 

Ruehi:t].e. steepl.::tnd and Rual_?.]-2::~ steen]-..::.'"'l.!~C!--~ iJ;;E_,L V8:J.::0~ 

Topsoils consist of 13 C!il of dark greyish-brmm silt loalil , 

·with a stront;ly developed nut structure and angular lithic fragments 

overlying bedrod:. Soil profiles are generally shallow and stony, 

but d.e~per and. often stone-free profiles occur in infilled gullies, 

these prof'iles being similar to Ramiha hill soils. 

Rimuta}:a sj;eepland and ~Umutaka steep land so:ils, _Y.~!'Y ste~ 

phase. A representative profile consists of 2 em of dark reddish-

brown very friable silt loam, with a weakly developed fine nut 

structure, overlying 6 em of dark brown mottled friable silt. loam. 

This horizon overlies weathered bedrock. 

Taka12ari e'ltv loam. A renresentative soil profile 

consis ts of 2 em of dark reddish-brown slightly sticky peaty loa:n. 

'.rhis overlies 30 em of very dark grey-brown s ticky peaty silt loam. 

This rests on we a thererl bedrock. 
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