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Abstract 

ABSTRACT 

Land stability analysis is increasingly important in the Tamar Valley, northern Tasmania, due to 

the extension of urbanisation into steeply sloping areas, which afford the best panoramic views. 

The Windennere area of the Tamar Valley, the subject of this study, bas a long history of slope 

failure because of its association with reactive and expansive clays. A combination of geological, 

morphological and hydrological factors influence slope failure, rather than a single factor. These 

factors are considered in this study in relation to areas of past movement, slope, geology, 

hydrology and vegetation, in order to construct a zonation map illustrating the potential risk for 

slope failure throughout the area. Geographic Information Systems (GIS) have been used to 

establish standards for potential risk. 

Rock units within the area have been identified using magnetic and seismic geophysical methods. 

The geology comprises mainly non-marine Tertiary sediments, which are overlain by a younger 

basalt flow. The basalt capping has been shown to cover a smaller area than previously mapped. 

The surveys also supported the view that only one basalt flow occurs on Gaunts Hill, and a 

second possible flow is actually a large basalt block within a talus deposit, which originated from 

the basalt capping. Reliable identification of in situ versus allochthonous materials is important in 

land stability analysis. The geophysical discrimination of these lithologies at a subdivision scale 

suggests these methods should be part of standard stability analysis in the Tamar area. 

A number of areas of active failure (>10m deep) exist within the field area and a substantial 

portion has been subject to past instability. In one section (Native Landslide) active failure is 

occurring despite a cover of natural vegetation, contrary to the view that vegetation prevents 

failure. Another area of active failure, Gaunts Landslide, covers an approximate area of 150m x 

150m. The amount and direction of movement of Gaunts Landslide was measured using the grid 

method. The results illustrate that the slide is slumping rapidly - 4 metres down slope over a 5 

month period ( 4 observations recorded). Clay samples from Gaunts Landslide were also analysed 

(XRD and shear box tests) to identify clay composition and sediment strength. The derived 

parameters from these analyses allowed slope stability analysis to be completed using Bishop's 

simplified method. The results indicate a highly unstable area and it is now believed that this slide 

cannot be stabilised. This is due to the failure plane being too deep, major drainage patterns 

running through the landslide, and irregular rainfall patterns. 
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Abstract 

Detailed topographical data was digitised from ortho-images, which combined with GIS analysis 

delineated the patterns of recent and past failure. The topographic data was processed to produce 

a flow accumulation model, which was used to identify a correlation between sites of active 

failure and elevated flow accumulation. Thus, the focussing of surface flow during rain events 

may be an important factor that enhances the chance of slope failure. The main factors that are 

important to slope failure are slope, drainage patterns, previous failure history, geology, degree of 

weathering, and to some degree vegetation. The current landslip zonations only take slope and 

geology into consideration. 

Further revision of the current landslip zonation scheme should include factors such as hydrology, 

and vegetation, but most importantly, the potential reaction of clay minerals present in the 

sediments. It is not sufficient to simply classify some rocks as soft; pure clay has a critical angle 

of 5°, which is less than the present cut off of7°. The current classification is based only on slope 

angles and is not a wholly representative or reliable appraisal of the related factors. This study 

suggests factor weighting proportions of0.5~.._areas of past movement, 0.2- slope, 0.15- geology, 

0.1 - flow accumulation and 0.05 - to vegetation. These parameters are only characteristic of the 

Windermere area, and must be adapted to individual areas of study. 
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Chapter 1: Introduction 

Chapter 1: INTRODUCTION 

1.1 General 
Landslides are important features of global landscape development and are amongst the 

most common of natural disasters. Although not usually life threatening, they have the 

ability to devastate properties and cause social upheavals. 

Slope failure is an ever present risk in many hilly suburban areas and on farming 

properties, but studies of the extent and potential of future problems in many locations 

are usually carried out only when they threaten, or cause damage to man made structures 

(Bryant, 1992). Legislation restricting building in proclaimed landslide areas, including 

most of the Tamar Valley, was introduced in the early 1970's following the destruction of 

dwellings by landslides. Areas most prone to landslides were mapped and it was shown 

that the likelihood of damage can be reduced by: (a) not building on the unstable slopes; 

(b) taking special precautions to minimise slope movement; (c) increasing public 

awareness and (d) encouraging local council to zone areas according to the risk, and to 

plan variations in landuse. 

This thesis studies the Windermere area in the central Tamar Valley - a region not 

covered by any recent zonation studies. Factors, which may affect stability and zonation, 

are considered in order to generate a zonation map. This information is used to produce a 

map of potential areas of failure in the Windermere area, employing ARC Info in GIS 

(Geographic Information System) as a tool. 

1.2 Aims and objectives of thesis 

.To identify specific factors contributing to land instability in the Tamar Valley, with 

particular application to the Windermere area, by: 

Geological investigation and slope risk assessment at Windermere, Northern Tasmania 
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1.	 Up dating the geology maps produced by Longman (1964) and Gulline (1973). 

2.	 Measuring the movement of an active landslide, and examining the methods used to 

construct the landslide zonation map. 

3.	 Modelling slope failure using Bishop's simplified method. 

4.	 Evaluating methodologies for assessing landslide risk in the Tamar Valley by 

developing an understanding of geological, hydrological and morphological 

conditions associated with land stability. 

5.	 Producing a landslide risk zonation map, to assist the mitigation of landslide hazards 

associated with future development in the Windermere area. 

1.3 Study area 

The Windermere area is located IS-km NNW of Launceston in the Tamar valley (figure 

1.1) on the western boundary of the Launceston Sheet (Longman, 1964) and the eastern 

boundary of the Frankfort Sheet (Gulline et. al., 1973) 1: 63, 360 series. The study region 

covers an area of 6 km by 3 km. Although this area is part of the Launceston City 

Council district, it was not covered by the recent landslide risk zonation by Forsythe 

(1997). 

The Windermere topography is generally irregular, with frequent slope reversals typical 

of slopes that have been modified by slope movements (Telfer, 1988). The major 

topographic feature, Gaunts Hill (figure 1.2) remains prominent due to its basalt capping, 

which has produced red basaltic soils characteristic of the upper portions of the hill. Land 

use in the area is a mixture of small acreage, rural, residential blocks and subdivisions. 

Two main roads lead into the area: (I) Windermere Road and (2) Los Angelos Road, 

making access to most places relatively easy. 

An exception, access to the upper regions of Gaunts Hill on the southern slope is, 

however, difficult in some sections due to the dense shrubby understorey below a 

Eucalyptus canopy. The shrubby understorey is primarily composed of bracken fern, 

blackberries, stinging nettles, and scotch thistles, all of which make walking through this 

area an unpleasant experience. 

Geological investigation and slope risk assessment at Windermere, Northern Tasmania 2 
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Climatic records obtained from the Acacia House Monitoring Station (71 year record) 

show an average annual rainfall of 829.1 mm (figure 1.3, Appendix 2), occurring mainly 

during the winter months (July is usually the wettest month). Evapotranspiration and 

evaporation are also at their lowest levels in winter months. The average yearly 

temperature 15° C is relatively low and thus much water remains in the soil adding to risk 

of slope failure. 

1.4 Thesis structure 

This thesis presents the results of detailed investigations of land stability in the 

Windermere area. It is divided into four main parts: (1) presentation and discussion of the 

results of investigation of regional geology, local geology; previous work and 

geophysical techniques (chapters I - 5); (2) presentation of conclusions reached from 

data obtained during monitoring of Gaunts landslide (500700E, 5427400N) and 

discussion of possible remedial measures (chapter 6); (3) the results of stability analysis, 

including risk assessment and zonation and the introduction of Arc Info in GIS as used 

successfully by Heath (1997) as a major tool for categorising areas at greatest risk of 

slope instability (chapter 7); and (4) a summary of the study and proposals for future 

investigations (chapter 8). 
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Chapter 2: GEOLOGY 

2.11ntroduction 

The crustal area of Tasmania was placed under great stress during the early Tertiary and a 

number of fault sets resulted. A series of extensional sedimentary basins of Late 

Mesozoic to Early Cainozoic in age (Baillie et aI., 1987) were created, of which the 

Tamar Valley was one. Sedimentation within the Tamar graben / half graben commenced 

during the onshore extension of the Bass Basin. Several hundreds of metres of Late 

Cretaceous and Tertiary non-marine sediments and volcanic successions were deposited 

unconformably on a faulted basement of Lower Parmeener Supergroup rocks and 

Jurassic dolerite (Longman, 1964/6; Longman & Leaman, 1968; Sutherland, 1971 

Leaman et. aI., 1973). 

2.2 Stratigraphy 

2.2.1 Tertiary sediments (Launceston Beds) 

Tertiary sediments within the Tamar Graben, otherwise known as the Launceston Beds, 

consist of alternating sequences of soft sands, clays and gravels (chapter 3). The fine

grained sand layers are generally well sorted and dominate the stratigraphy at depths of 

>65m (BHl and BH2). The clay sequences are very fine grained generally grey in colour 

and are highly plastic. These rarely exposed sediments are up to 300 metres in thickness 

in parts of the Tamar Valley (Gulline, 1981). Deposition of the Launceston Beds was 

confined to a series of narrow elongate basins formed in step like patterns by the faulting 

of blocks (Longman, 1964/6). The major basins extend from Relbia to Brady's Lookout 

and from Corra Lynn to Windermere (Longman, 1966; Leaman et aI., 1973). These 

basins are of two types, a true graben north of Windermere and a half graben to the south. 

Although Tertiary sequences are documented as being pre-dominantly non-marine, 

Forsythe (1989) points to the presence of brackish water microplankton and acritarchs 

which indicate occasional marine incursions in both the Longford and Tamar Grabens. 
Geological investigation and sLope risk assessment at Windermere, Northern Tasmania 7 
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Sediments in these grabens show scour and fill structures, randomly directed current 

bedding, rarely graded bedding, and rapid variation in grain size (Longman, 1966; 

McClenghan & Baillie, 1975), thus suggesting probable deposition under deltaic 

conditions. 

Drill core logs of the Tertiary sediments indicate a complex stratigraphy (appendix 2). 

The sedimentary sequence is a frequent cause of landsliding throughout the Tamar Valley 

when heavy rains saturate the underlying clays. Rainfall percolating down through the 

basalts and softening the clays has resulted in some hundreds of landslides in the Tamar 

Valley (Stevenson, 1973). The sedimentary sequence is particularly unstable due to the 

high content of clay minerals (e.g. montmorillonite and kaolinite) and the strength and 

duration of rainstorms (appendix I). 

2.2.2 Quaternary Sediments 

Deposits containing greater than 10% soil, silt or other fine fragments are termed talus 

(Berkman, 1976). They are derived from the disintegration of solid rock and occur in 

thick layers overlying several rock types, which generally surround Jurassic dolerite and 

Tertiary basalt outcrops. The basalt talus is composed primarily of semi-rounded to 

rounded basalt clasts (plate 2.1) with some large blocks up to 15 metres in diameter and 

is restricted to the upper portions of Gaunts Hill and Brady's Lookout beneath outcrops 

of Tertiary basalt. A second highly weathered form of basaltldolerite talus (plate 2.2) the 

source of which is unknown is also located in a few areas over the southern slope. 

Blocks of mainly highly weathered dolerite talus surround outcrops of Jurassic dolerite 

and range widely in size from small fragments up to large boulders, several metres in size 

(plate 2.3). 

Much of the area is covered by alluvium, swamp and marsh deposits consisting of 

extremely weathered dolerite, basalt and clays. Deltaic sediments are currently deposited 

at a few select locations on the banks of the River Tamar. 

Geological investigation and slope risk assessment at Windermere, Northern Tasmania 8 
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2.3 Igneous Rocks 

2.3.1 Jurassic dolerite 

Large igneous dolerite bodies intruded a large portion of Tasmania during the mid-

Jurassic (175 Ma) forming sub-horizontal sheets, some 300 to 400 metres thick (Baillie 

et. aI., 1987). The dolerite is tholeiitic in composition, generally medium grained (chapter 

3) and typically comprises unweathered to completely weathered rock over short 

distances (McClenaghan & Baillie, 1975). Such rocks, which form the basement for 

much of the Launceston beds, outcrop on the eastern margin of the study area (Doctors 

Rise). Exposure of the Jurassic dolerite is due to a long period of erosion during the 

Cretaceous and uplifting of the blocks by NW and NNW faults during the Tertiary 

(Longman, 1966). 

2.3.2 Tertiary basalt 

Basalt was extruded onto the land surface during several stages of Tertiary volcanism, 

which commenced in the Upper Eocene. Sutherland (1971) studied the geology and 

petrology of the Tertiary volcanics within the Tamar and Longford Grabens in some 

detail. He concluded that the volcanics form a 150 to 180 metre package, including 

interbedded epiclastic sediments and laterites. 

Early flows tended to follow pre-existing valleys, while later flows were more extensive 

and covered their lower inter-flows. Terrestrial sediments were deposited during this 

period when faulting contributed to the formation of basin lakes in lava-blocked valleys. 

Weathering and erosion then modified the Tertiary landscape; new valleys were formed 

and the basalt lavas were weathered to depths approaching 30 metres (Baillie et aI., 

1987); such weathering depths must have occurred under climatic conditions different 

from those of today. Surviving basalts occur mainly as a confined lava flow following 

pre-existing river valleys; these include the basalt capping on Gaunts Hill and Brady's 

Lookout. 

Petrologically, three basalt types occur: a normal massive variety of olivine and 

plagioclase phenocrysts in a glassy groundmass (alkaline olivine varieties); a vesicular or 

scoriaceous variety of similar composition (olivine tholeiite) and a coarse grained 

olivine-poor (nepheline) basinite (Sutherland, 1971; Direen, 1995). 

Geological investigation and slope risk assessment at Windermere, Northem Tasmania 9 



Plate 2.1:� Typical fonn of basalt talus originating from the capping on 
Gaunts Hill 

Plate 2.2:� Highly weathered fonn of basalt/dolerite talus, found on the 
southern slope of Gaunts Hill 

Plate 2.3:� Highly weathered dolerite talus, confIned to the eastern portion 
of the field area 





Chapter 2: Geology 

According to Longman (1966) the basalt on Brady's Lookout (correlated with Gaunts 

Hill basalt) was intruded along major fault zones. Conflicting evidence, howrever, 

suggests that the basalt was confined to a paleovalley (chapter 5). Furthermore, although 

Longman (1966) stated that outcrops of basalt in the two localities are a coarse grained 

olivine poor variety, observations by Sutherland (1971) describe the basalt as a coarse 

olivine basalt (chapter 3). 

1I Geological investigation and slope risk assessment at Windermere, Northern Tasmania 
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Chapter 3: LOCAL GEOLOGY 

3.1 Introduction 
The Windermere area geology is based on surficial inspection, detailed diamond drill 

core logging and data from previous investigations (appendix 3). The location of test pits, 

drill holes and auger holes are shown in figure 3.1. The geological data have been applied 

to Windermere slopes in the study area in order locate zones most prone to land 

instability; and to assist compilation of criteria which can be used to assess slope 

stability. 

The oldest rock in the field area, Jurassic dolerite, is confined to the eastern portion 

(figure 3.2), and occurs within a faulted block known as Doctors Rise. The wider area is 

composed mainly of non-marine Tertiary sediments, which are overlain by a younger 

basalt flow. Sutherland's (1971) map, showing two flows of basalt; was supported by 

Moore (pers. corn., 1998), however, evidence contrary to the two-flow model is provided 

in chapter 5. 

3.2 Geological relationships to geomorphology 

Gaunts Hill (155 msl) dominates the topography of the Windermere area (figure 3.1), due 

to its basalt capping (figure 3.2), which has resisted erosion. The top of Gaunts Hill is flat 

(plate 3.1) and extends for 50 metres from a basalt cliff facing south (plate 3.2), and north 

to a region of basalt boulders. The cliff face rises about 25 metres above basalt talus 

(blocks up to 20m in diameter) which exhibits a step-like pattern southwards towards the 

Tamar River. The basalt sequence also extends to the west of the basalt cliff (figure 3.2) 

for which evidence was obtained from BH I (appendix 5). However, the present study, 

which is based upon geophysical and geomorphic studies, suggests that the extent of 

basalt in an easterly direction is much less than was determined by previous mapping (see 

chapter 5). 

L2Geological investigation and slope risk assessment at Windermere, Northern Tasmania 
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Plate 3.1: Flat morphology exhibited on top of Gaunts Hill, facing 
east 

Plate 3.2: Tertiary basalt cliff capping Gaunts Hill, facing south 

Plate 3.3: 

• 

Morphology of northern slopes showing a morphology 
unaffected by recent slope movements. Photo taken from Los 
Angelos Road, facing west 
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Chapter 3: Local geology 

A second basalt capping is offset to the north east of the cliff face. Due to time 

constraints it was not possible to complete a detailed magnetic or seismic investigation 

over this second area, and the exact extent of this capping is unknown. Two other smaller 

basalt exposures exist to the east and southeast of the cliff face along Gaunts Hill ridge 

top. Basalt boulders near the basalt cliff range in size from 5 to 30 metres diameter. 

Proposed models for the formation of this unit are outlined in chapter 5. 

Bulbous lobate forms dominate the surface morphology of land subject to movement on 

the southern slope. In contrast, parts of the northern slope facing towards Los Angelos 

Road do not exhibit this morphology (plate 3.3). A number of possible reasons for this 

difference between slopes, include drainage patterns, slope gradients, clay composition, 

and landuse, as discussed in chapter 7. 

3.3 Subsurface geology 

3.3.1 Previous work 

Differences have been noted between the geology documented on the Frankford sheet 

(Gulline, 1981; figure 3.2b) and that of the Launceston sheet (Longrnan, 1964; figure 

3.2a). The Frankford sheet proposes that the basalt ridge is a Tertiary basanitic dolerite 

and that it extends over a greater area than shown on the Launceston sheet. More recent 

geological maps (figure 3.2c) of the Windermere area published by Telfer (1988) indicate 

that the whole ridge is comprised of Tertiary basalt. 

The Frankford sheet also suggests that much of the southern slope is basanitic "dolerite". 

Field investigations by Leaman & Stevenson (1972), Moore (1986), Ingles (1991) and by 

this author dispute this classification. These investigations have been more extensive and 

include test pitting, diamond drilling and geophysical surveys over the southern slope. 

The results (collated in appendix 5) suggest that the area is composed of Tertiary 

sediments and basalt talus and is not an outcrop of basanitic "dolerite". 

3.3.2 Malic intrusions I extrusions 

The mafic rock capping Gaunts Hill appears as a coarse grained igneous rock in thin 

section, with no vesicles present. The coarse grained nature of the rock and the lack of 

vesicles suggests that it is likely to be basanitic dolerite, although at the contact with the 
Geological investigation and slope risk assessment at Windermere, Northern Tasmania 16 



Plate 3.4: Thin section of the Tertiary basalt capping Gaunts Hill, 
illustrating large phenocrysts of olivine and in the ground mass 
(xlO) 

Plate 3.5: Slightly baked contact between Tertiary sediment and the 
younger Tertiary basalt flow, at a depth of 34 metre.s (BH2) 

Plate 3.6: Thin section of a surface sample taken from the surface of the 
basalt block, located down slope from the basalt capping on 
Gaunts Hill (x 10) 

Plate 3.7: Sub-horizontal bedding illustrated at a depth of 65 metres 
within the Tertiary sediments (BH2). Alternating Tertiary clay 
and sand beds. 
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Chapter 3: Local geology 

Tertiary the rock appears scoreaceous, thus suggesting Tertiary basalt. There are 

grainsize variations between the Tertiary basalt capping Gaunts Hill and that found on the 

top of the basalt block, which is coarser grained. The texture of the basalt is porphyritic to 

intergrainular, the top of the basalt block being the exception, which is subophitic (plate 

3.6), containing lath shaped plagioclase crystals. Thin sections show a general 

progression down the basalt block, of reducing grainsize towards the contact with 

Tertiary sediments, the coarse grained nature suggests that it was near the vent. 

! 

Thin section analysis of the capping shows a coarse grained igneous rock primarily 

composed of a groundmass of thin bladed plagioclase (labradorite) crystals (30-40%), up 

to 5 mm and Ti-rich augite (10-15%) up to 7 mm in length. Olivine exists both as large 

(size) phenocrysts and in the groundmass and comprises 20-35% of the rock (plate 3.4). 

Opaques are present as inequant masses, up to 1 mm in length; apatite occurs as large 

phenocrysts (5%). These petrographic characteristics suggest that the rock is an alkali 

olivine basalt. The absence of significant percentages of olivine is typical of Jurassic 

dolerites, which are theoleiites (Leaman pers. corn., 1998). An abundance of olivine 

infers that the rock is more likely to be a product of Tertiary alkaline magmatic activity 

and unlikely to be related to the ubiquitous Jurassic dolerites. 

3.3.2.1 Interpretation of unit shape and identity 

The thickness of the basalt capping is difficult to predict, except in the region of the 

basalt cliff where the basalt clearly 25 metres thick. This sequence has been interpreted as 

thinning steeply in a northerly direction, to less than 5 m on the out side of the hill 

(evidence in BH!). The thickness of in situ basalt in other areas is not as clearly defined, 

but may be as much as 15 metres. From the field observations, unit-shape, mineralogy 

and textural characteristics this unit has been classified as Tertiary basalt. Its mode of 

emplacement and extent is discussed further in chapter 5. 

3.3.3 Tertiary sediments 

Fine white sand commonly occurs immediately below the basalt on Gaunts Hill (Telfer, 

1988), whereas most of the near-surface Tertiary sediments consist of highly plastic, 

grey, mottled greylbrown to yellow brown clay. The clay layers alternate with sand rich 

layers (10 - 100 cm thick); clay mineralogy is discussed further in chapter 6. Bedding is 
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subhorizontal (plate 3.7), but Elmer (1971) suggests that these beds dip steeply in a 

northerly direction at the bottom of the southern slope, thus implying that failure has 

occurred. A charcoal layer 5 - 10 mm in thickness separates the basalt clay from the 

underlying clay, in DH1, Wl and W3 (chapter 4). This layer was not seen in BHl or 

BH2. The date of this charcoal layer is unknown, one hypothesis is that a large bush fire 

burnt a significant portion of the vegetation, prior to slope failure, thus causing the debris 

to be deposited over the old landslide surface (Telfer, 1988). 

) 

Palynological reports of older sediments deposited over a younger N. asperus Zone 

sediments, (Wells, 1988) gave further evidence of past instability, which complicates the 

determination of stratigraphic thickness and lithology type. Forsythe (pers. corn., 1998) 

suggested that this was caused by a landslide depositing the toe material over younger 

sediments. The upper portion of this sequence is dated as middle Eocene, in the Lower N. 

asperus Zone (DH1) (Wells, 1988). The lower limits of the material studied contained 

species within the Early Palaeocene Lower L. balmei Zone. It should be noted, however, 

that the material sampled was not from the bottom of the sedimentary sequence, which 

)	 indicates that the Tertiary sediments range in age from Early Palaeocene to Middle 

Eocene. Younger Tertiary sediments may have been removed by erosion. Wells (1988) 

investigated the two lower drill cores (Wl and BH3), but not the labelled drill cores at the 

top and bottom of Gaunts Hill (Forsythe pers. corn., 1998). Confusion also arose due to 

incorrect drill core numbering. 

3.3.4 Evidence for and against multiple basalt flows 

Sutherland (1971) suggested that more than one basalt flow exists on Gaunts Hill, 

inferring that a second flow was present below an elevation of 100 metres within an area 

dominated by Quaternary basalt talus. Subsequent investigations in the Windermere area 

)	 (Knight, 1973; Stevenson, 1974; Matthews, 1976; Moore, 1981; and Moore 1982) failed 

to confirm in situ basalt at elevations below 130 metres (Chapter 5). 

Moore (1986) observed sample contamination during drilling by small pieces of basalt 

falling into the diamond drill hole. There is, therefore, some doubt about the reliability of 

drilling interpretations. According to Moore (pers. corn., 1998) the contact between the 

basalt capping and the Tertiary sediments was not identified during drilling. However, the 
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basalt block (presumed second flow) down slope, is thought from this study to have 

originated from the basalt capping of the hill (see chapter 5). Reinterpretation of the log 

BH2 indicates that this block is underlain by about a 1 metre thickness of darkened 

sediments, derived from the original contact with the basalt and transported down slope 

as part of the basalt block. Baking is slight (plate 3.5), with the margin slightly 

vesiculated. Thin sections from surface samples of the basalt block show a coarse grained 

basalt containing high percentages of olivine (plate 3.6). However, thin sections from 

)	 BH2 at 3.25 and 23.4m below surface show textures and compositions similar to those of 

the capping of the hill (plate 3.4). 

3.4 Weathering and erosion 

The basalt cover has been much reduced by erosion since its mid Tertiary extrusion. 

Much material has been transported down the southern slope, where the composition of 

the basaltic debris varies. A number of road cuttings show talus mixed with highly plastic 

clay, whereas areas below the basalt capping are dominated by basalt talus. Telfer (1988) 

suggested that debris derived from the basalt capping was deposited along drainage 

)	 channels in the mid slope region. The amount of basalt talus falls away sharply in all 

directions with distance from the basalt ridge. There are many areas where large basalt 

boulders occur in the middle of paddocks and lumps of basalt appear as possible 

outcrops. These ambiguous surface elements can be distinguished geophysically (see 

chapter 5). 

The types of clay minerals produced by weathering depend on the intensity of the 

weathering and/or time of exposure (Blatt et. al., 1980). Providing that insufficient 

potassium is available for the crystallisation of illite, basaltic and ferromagnesian rocks 

break down initially to montmorillonite. Further leaching results in the formation of 

kaolinite, which is rich in aluminium, but poor in all other cations. 
~ 

The common evidence of past landslip activity reduces the likelihood of an insitu igneous 

outcrop. 
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3.5 Relationships between the geology and slope stability 

The Windennere area is composed of four main rock types: Jurassic dolerite, Tertiary 

basalt, Tertiary sediments (Launceston Beds) and Quaternary basalt talus. These rock 

types have different physical properties, different strengths, and present a range of 

stabilities, which influence slopes in the area. Solid outcrops of dolerite and basalt are the 

most stable, where massive. However, if sections of these rocks are highly jointed, and/or 

weathered, their break down products may render identification of the material 
) 

problematic. Many of the uncertainties and problems that have arisen from previous 

investigations, are considered in the following chapters, including: detennination of the 

number of basalt flows; extent of the basalt capping on Gaunts Hill; and the nature of the 

original flow. 

Geological investigation and slope risk assessment at Windermere, Northern Tasmania 21 
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Chapter 4: LAND STABILITY
 

) 4.1 Introduction 
Proclaimed landslide areas and risk zone mapping have been investigated progressively 

since the 1970s by Mineral Resources Tasmania (e.g. Elmer, 1971; Leaman & Stevenson, 

1972; Knight & Matthews, 1976; Stevenson & Sloane, 1980; Moore, 1986; Telfer, 1988). 

These studies have generally been restricted to specific localities (figure 4.1), in which 

Ill.Ovement has either occurred during the last 35 years, or where the construction of 

buildings has been proposed in potentially unstable areas. The most detailed work was by 

Telfer (1988) who published a detailed study of an area around a collapsed house (figure 

4.1a). Much of the remaining literature comprises maps, and both published and 

) unpublished technical reports from Mineral Resources Tasmania. 

Findings from most studies of past movement have generally been inconclusive as to 

whether movement was the result of expansive clays, landslide, or a combination of the 

two (Elmer, 1971; Moore, 1988). 

Terrninologies used in this chapter associated with soil mechanics are outlined below.
 

Liquid limits - the moisture content at which soils stop behaving as a liquid and start
 

behaving plastically.
 

Plastic limits - the moisture content at which soils stop behaving as a plastic and become
 

crumbly.
 

Plasticity Index - the range of moisture content in which a soil is plastic.
 

Atterberg limits· the plastic limit of clay below which, at the shrinkage limit it becomes 

fragmented and crumbly. 
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4.2 Hydrology 

Many authors (e.g. Donaldson, 1991); Murch et aI., 1995) have recognised the major 

effects of water on slope stability. In the Windermere area particular attention has been 

paid to the common occurrences of natural springs and seepage features as evidenced by 

the presence of funcus sp. (common sag), dams and waterways; and to some seepage 

areas which appear to be directly related to rainfall (Le. more water after periods of rain). 

')	 Long-term rainfall averages 836.8 mm/ yr. ± 200mmlyr. (Bureau of Meteorology, 

readings from Acacia House). Moore (1985) and Telfer (1988) recognised correlations 

between rainfall and rises in the water table (figure 4.2) around Windermere Farm, as 

demonstrated by piezometer readings taken in holes W1, W3 and DDH1 (Appendix 5, 

figure 4.1) in the water bearing units (Appendix 5, figure 4.3). 

Dams and swamps, which remained full of water during a dry summer, are part of a 

complex drainage system with a sand horizon as the likely aquifer. Perennial seepage is 

also evident in a number of road cuttings along Windermere Road. The ground water 
) 

within such aquifers contains no excess phosphates, nitrates, fluorides and its bacterial 

level is considered normal for ground water Le. equivalent with water from bores on 

block 1410 (Moore, 1985). 

4.2.1 Investigations of ground water conditions 

4.2.1.1 Permeability 

Most clay-dominated layers within the Launceston Beds are relatively impermeable, 

whereas the alternating sand-rich layers are highly permeable (E1mer, 1971, figure 4.1a). 

In this study, two auger holes were drilled at opposite corners of a failing house. The hole 
)	 on the river-side of the house overflowed at ground level from which Elmer (1971) 

concluded that the weight of the house and the pressure of sliding may have forced clay 

underlying the house to move outwards towards the shore, thus disturbing the ground 

surfaces in between. A large drain was constructed extending from the roadside of the 

house to the shore. The fact that this drain has carried only small volumes of water also 
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Chapter 4: Land stability 

supports the hypothesis that seepage may be due to the presence of aquifers (within sandy 

layers) and not to surface runoff. 

4.2.2 Sediment and rock properties 

Tertiary clays from the Launceston Beds have high strengths when dry, but are plastic and 

prone to failure when wet (Telfer, 1988). According to the Australian Classification 28 
) 

70- 1986 they may be classified as extremely reactive (E). Clay shrink swell indices have 

been calculated as 5.9 % at depths of 0.6 metres (Luck, 1997), with a linear shrinkage as 

high as 27 %, and on average 23.6 % (Moore, 1988). During dry periods soil moisture 

fluctuations (above the water table) occur at depths of 3 - 4 metres, with surface 

movements up to 81 mm (Luck, 1997). These values are similar to those established 

elsewhere at Windermere and the Tamar Valley in the thick clay soils of the Launceston 

Beds. 

Ingles (1991) noted that soil test results of samples of the Launceston Beds analysed 
) 

according to the AS 2870 show the soils to be only mildly expansive with a predicted 

movement of between 10 and 30 mm. This conflicting statement is discussed further in 

section 6.2. 

The expansive nature of clays cause major problems for the construction industry. Moore 

(1986) identified the occurrence of doming beneath the house on block 1250 (figure 4.1 

b). Doming is generally associated with the expansion and contraction of clays beneath 

slab foundations as a result of a build up of soil moisture under the centre of the slab, 

thereby causing the expansion of clay around the periphery of the slab and contracts as it 

dries. 

Soil and mineralogical analyses showed that liquid limits decrease with depth, ranging 

from 63 - 128 % (Telfer, 1988; Moore, 1988), while plasticity limits increase to a lesser 

amount with depth, 20 - 26%. This relationship, observed in other areas of Tasmania, has 

been attributed to the effect of weathering and erosion on both clay mineralogy and 

mechanical properties at and near the surface. Relationships have also been recognised 
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between the Atterberg Limits and the quartz content of the sediments. While a high 

quartz content depresses the water holding capacity of materials hence the plastic and 

liquid limits, sand lenses interposed within the Launceston Beds (appendix 5) act as 

localised aquifers and help to keep the clay wet. Lenses of this type are believed to 

influence the depth of failure planes by destabilising hydraulic pressure on the overlying 

materials (Moore, 1988). 

Two main clay fractions were indicated from X-ray defraction (XRD) analysis, 50 - 60 % 

kaolinite and 35 - 50 % of the expansive montmorillonite family with 5 - 10 % quartz 

fines (Moore, 1986). However, clay fractions between 7.5 and 15m in DDHl are 

irregular, and become relatively constant with depth. Moore (1986) suggests that these 

irregularities in soil properties are probably due to weathering beneath an old land 

surface. The irregularity is also displayed in drill holes Wl and W3. 

4.3 Slope Angle 
Leaman and Stevenson (1972) suggested that basalt talus is stable to about 16° to 20°, 

whereas Tertiary clay sediments are stable only to about 7° - 11 0. The authors noted, 

however, that such values are greatly reduced by unusual stresses such as loading, 

moisture or a combination of the two. Ingles (1991) suggested that angles below 12° are 

generally safe against slipping, but this contrasts with observations by Telfer (1988) who 

reported landslides in the Tamar Valley on slopes as flat as 7°. 

Two major stability investigations have been undertaken in the Windermere area, using 

mathematical stability analyses to check the slope failure model. The first case study was 

conducted by Telfer (1988) on block 1356 (figure 4.1 a), where the house on that property 

moved and fell into the River Tamar. A factor of safety (Fs = 1.6) was calculated using 

sediment strength characteristics measured in the soft zone of drill core W3 (c' =6.9 kPa; 

<Il' = 18°); it was assumed that the water level reached the ground surface at failure point. 

Such values for Fs demonstrate that the slope is only marginally stable and that its 

stability can be significantly decreased by variations in cohesion (c'), angle of internal 

friction (<Il') and pore pressure (rw). 
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Moore (1986) conducted a stability investigation on block 1280 (figure 4.1 c), less than 

200 metres away. He used an angle of internal friction of 16°, 2° less than that used by 

Telfer (1988), and up to 2° greater than those recorded in Moore's own 1985 report. 

Sediment cohesion of 1.1 kPa was derived from sediment tests at 3.3 metres, which is 

much less than those values recorded elsewhere in Windermere and in the Tamar Valley. 

For example, Telfer (1988) used a measured cohesion value of 6.9 kPa, for block 1356 

(figure 4.1 a). Moore (pers. corn., 1998) suggested that such a low cohesion value 
) 

indicates that the sample was close to the failure plane. 

Moore (1986) used four methods to model the safety factor of the proposed failure on
 

block 1280, including: Bishop's simplified methods of slip surface failure; total slope
 

analysis; partial slope analysis; and planar slope analysis (appendix 7). The tQtal."slope
 

analysis indicated safety factors of 2.5 and 2.3 when the water table was below the failure
 

plane, but it decreased to 1.27 and 1.19 when the water table was at or near the ground
 

. surface. Calculated shearing resistance becomes larger, with increasing cohesion hence
 

reducing the likelihood of failure. Cohesion values of soft organic clays are usually

! 

between 10 and 30 kPa (Londe, 1973), dependent on mineralogy. Such calculations 

suggest that the slope on block 1280 will be stable unless water rises near to the ground 

surface, at which time danger of failure would be exacerbated by riverbank erosion 

(Moore, 1986). By the reworking of the toe of the slide by river bank erosion, stability 

would move from the total slope analysis towards the partial slope analysis case (Moore, 

1986). 

In contrast to the total slope analysis, the partial slope analysis of the steeper section of 

block 1280 showed a high potential for failure. The calculated results indicate the slope is 

)	 close to failure regardless of the level of the water table. Moore (1986) suggested that 

stability could only be achieved using this model when the angle of friction and the 

effective cohesion are increased to 20° and 3.3 kPa. 
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weathering appears unlikely to have much affect on slope stability. The tested effective 

cohesion value of 1.1 kPa. suggests that the material is already highly weathered. 

4.3 Reasons behind current landslide zonations 

4.3.1 Regional landslide zonation 

Landslide zonation maps of the Windermere area have been developed by a number of 
) 

workers, including Telfer (1988) (figure 4.4), who constructed part of the series of the 

Tamar Valley Zone Maps, recently updated by Forsythe (1996). The current map shows 

the location of existing landslide zone boundaries, classified according to the perceived 

risk of failure associated with the area. The regional classification devised by Mineral 

Resources Tasmania, is outlined in Table 4.1 and discussed further in appendix 4. Such 

zonations make no allowance for hydrology and vegetation, which are important factors 

• when considering slope stability (discussed further in section 7.5). 

) Table 4.1 : Landslide Zonations in the Tamar Valley 

Landslide Description Potential 
Zone stability 
I Stable ground on hard rock Stable 
IT Stable ground on engineering soils, based on slope angle criteria of Stable 

Tertiary sedirpents. The lowest recorded slope failure in the Tarnar 
Valley is 7°, hence, slopes <7° are zone IT and those >7° are zoned lIT 

III Potential landslide area Suspect 
IV Old landslides and adiacent areas Suspect 
V Active landslides and adiacent areas Unstable 

Reference: Modified from Telfer, 1988 

The Windermere Farm area is classified as zone 5 due to recently documented severe 

movement (Elmer, 1971). This area was investigated by Telfer (1988), but during the 

investigation period, the block was purchased by a member of the public who proposed 

constructing another house over the site of the destroyed dwelling. The decision to do so 

appears to have followed the report completed by Elmer (1971). This report was 

inconclusive as to the cause of failure, suggesting that it could have resulted from poor 

building practice or the reactivation of an old landslide. 
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Chapter 4: Land stability 

It should be noted that the stability analysis only provides assumptions on possible cause 

of failure. The shape, depth and other characteristics of the failure were not established 

with any great precision, Moore (1986) stated that it is unlikely to be as modelled. From 

his experience the majority of failures in the Tertiary sediments in Tasmania have a 

roughly circular failure plane below the head scarp, merging into a planar or undulating 

shear zone parallel to the surface of the slide. 
) 

4.3.2 Local scale landslide zonation 

A number of studies have been completed on individual properties proposed for 

subdivision. The investigations were designed to determine landslide potential over the 

blocks so as to identify the most appropriate location for building. 

Moore (1982a) examined a proposed subdivision west of the East Tamar Highway, along 

Windermere Road (figure 4.1d). The area comprised two main slopes bordering a stream 

valley between two southerly trending ridges (figure 4.5). Regional zonation of the area 

)	 for landslide risk is classified as zone ill on the western ridge (figure 4.4) and a small 

strip adjoining Windermere Road, whereas the remaining eastern portion is classified as 

zone N. The most stable area is on the western ridge, which has a slope of 8 to 9 degrees 

and exhibits no direct evidence of prior movement. Moore (1982a) suggests that it would 

be unwise to build on slopes greater than 12°, thus confining building to the ridge (figure 

4.5, shaded area). He noted that the eastern section of this property is part of an old 

landslide, hence, there is a risk of buildings reactivating the slide. Moore (1986) 

considers the risk to be within acceptable limits in areas where the slope angle is 

approximately 4°, providing the appropriate precautions are taken. 

) 

The slope stability investigation report on block 1416 (figure 4.1e) found the regional 

landslide zonation of the block to be essentially accurate (Moore, 1982b). However, as 

discussed in chapter 5 the basalt capping does not extend as far as first thought and the 

zonation need to be changed accordingly (chapter 7). The northeastern slope is also in 

part classified as zone 4 (figure 4.5). Moore (1982b) suggests it could be classified by 
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Chapter 4: Land stability 

definition as zone rn, but nevertheless considered the risk of instability of the slope to be 

high enough for a zone 4 classification. 

Moore (1982b) concluded that only one house should be built on the southern slope, on 

the small flat bench like area on the southeastern part of the block (figures 4.1e and 4.6 ). 

Although its structure is thought to have been formed by a late parasitic slide on a large 

older slide, the flat area appears large enough for a single storey house. Moore's 
) conclusion was apparently made on the assumption that this ridge could have been a 

second flow of basalt, and that potentially it could been zoned 1. However, subsequent 

field and geophysical investigations made during this investigation suggest that a second 

flow is unlikely (chapter 5). 

-;. 
An investigation of the proposed subdivision of part of Windermere Farm (figure 4.1f) 

was conducted by Ingles (1991). The regional classification for this area was zone rn. 
Ingles documented evidence of past instability, pointing to particular areas of past 

movement on the property (figure 4.6) and approved building on all areas except those 
) 

subject to past movement. Due to recent (1980s) instabilities, he proposed that the eastern 

portion should, in fact, be classified as an active landslide zone (V). He stated, 

furthermore, that the "low expansive nature and high permeability are favourable factors 

which could be used to offset some of the risk associated with building on slip-affected 

land." It should be noted that the soil factors referred to are not characteristic of the 

Launceston Beds; in the author's opinion, the samples were probably taken from the sand 

layers that alternate between the thick clay beds. 

4.5 Conclusions 

The Windermere area has been, and is the focus of a series of investigations, because of 

the history of past failure in the area. The extremely reactivel expansive clays interbedded 

sand aquifers, moderate to high slopes, and a long history of previous failure, are the main 

causes of failure. A number of different views have been expressed, but no consensus has 

been reached on a single cause of movement. Moreover, since construction of the most 

recent risk zonation map, new housing developments have taken place, which suggest 
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that this map should be updated to reflect new safety factors influenced by recent 

excavations, roadworks, new failures (see Chapter 7). 

•
 

•
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Chapter 5: Geophysical Techniques 

ChapterS: GEOPHYSICAL TECHNIQUES 

S.l Introduction 
)	 Investigations by Sutherland (1971) and Moore (pers. corn., 1998) suggested the 

likelihood of more than one basalt flow. However, Knight (1973); Matthews (1976); 

Moore (1982) and Stevenson (1976) all failed to prove the presence of insitu basalt at an 

elevation of 90 metres as proposed. Identification problems appear to have been due to 

the occurrence of a large piece of basalt, 30m in depth, 250 metres downslope, at an 

elevation of 60 metres below the basalt capping on Gaunts Hill. There is no evidence of a 

second flow in the drill core, which was drilled to a depth of 94 metres through the basalt 

capping (BH1, appendix 2). 

) Geophysical techniques were used to measure subsurface properties of slope materials by 

determining a) the number of basalt flows; and (b) the extent and distribution of the 

basalt outcrop. The relevance to slope stability of these measurements, particularly of 

basalt talus and Tertiary sediments, is because thick sequences of basalt talus are stable to 

higher angles than clay (appendix 1). 

S.2 Magnetic Survey 

5.2.1 Methods 

The magnetometer used for this survey was an EG & G geometrics G- 850 moqel. The 

)	 survey was designed to differentiate between rock units having different magnetic 

properties, thereby distinguishing between basalt capping, basalt talus and Tertiary 

sediments. A small portion of the field area (475 x 550, figure 5.1) was gridded and 

readings were taken at 0.5 metre intervals, with the sensor 185 cm above the ground. The 

grid was limited in size in a westerly direction due to thick vegetation and rugged terrain. 

Magnetic intensity data of the underlying materials was recorded directly from the 

magnetometer, and transferred into a Microsoft Excel spreadsheet. The data was then line 
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Chapter 5: Geophysical Techniques 

corrected and plotted into ER Mapper (figure 5.2). Diurnal corrections were not removed 

from the data, because the corrections would have had little effect; their magnitude being 

small in relation to major responses (figure 5.3). 

5.2.2 Results 

The magnetic image describes a more complex geology than first thought, with only 

approximately half the area covered by basalt talus weathered from the basalt capping on 

Gaunts Hill. The highly variable, high intensity responses are characteristic of basalt and 

test pits dug by Moore (1986) support the hypothesis of a series of basalt rafts down slope 

(appendix 3). The lower intensity (green) areas characterises the Tertiary sediments 

(discussed further in section 5.4). 

5.3 Seismic Survey 

Seismic refraction is a measure of the time taken for the first arrival of a shock wave to 

travel through the ground from its point of origin to a detector. The method uses 

differences in compresional wave velocities between rocks which have different 

densities, to map adjacent structures and so predict depths to that horizon. The greater the 

velocity the more dense the rock, and the more stable. 

5.3.1 Methods 

The method was applied using an EG & G Geometric ES- 1225 Exploration 

Seismograph. The drop-hammer technique was used to generate pulses of energy at 

shallow depths into the sediments. Seismic spreads consisted of 12 geophones 2 metres 

apart, along five lines (figure 5.3). Shots were spaced at 2 and 10 metre distances from 

geophone 1 and 12. The survey was to assist in determining the extent of basalt capping 

and if the large basalt block was derived from the basalt capping or is part of a second 

flow. 

Delay, record time and gain were adjusted on the seismograph for each of the twelve 

channels (one for each geophone) to obtain the best data, which were recorded on paper 

printouts direct from the seismograph. The arrival data was then manually entered into a 

spreadsheet, graphed and the velocities along each receiving path estimated for each line 

(figure 5.4-5.8, appendix 7). 
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5.3.2 Results 

The method of analysis was in the form of time- distance plots (figures 5.4-5.8, appendix 

7), a relatively simple method of presenting seismic data. Table 5.1 illustrates the 

characteristic velocity for individual rock units. These velocities reduce with weathering 

and during the contraction of clays during dehydration (see appendix 1). 

Table 5.1 illustrating characteristics of rock transmission velocities. 

Material type and condition Velocity (m/sec) 

Fresh rock (Tertiary basalt) >3500 

Weathered basalt talus 2000- 3500 

Tertiary clay 1650 - 1800 

Weathered clay/sands 900-1500 

Soil, alluvium 400-750 

Very high seismic velocities can be seen in the profile located adjacent to the basalt cliff 

(line 1). Three layers are evident (figure 5.4), the surface layer is characterised by slow 

velocities, indicating a soil layer (360 rnIsec); depth estimates indicate a thickness of 50 

cm. A second, much faster layer (2000 rnIsec) illustrates weathered basalt, which extends 

with depth into a highly un-weathered sequence of Tertiary basalt, which exhibits 

velocities of (6800 - 8000 mlsec). 

Line 2 of the survey on top of Gaunts Hill (figure 5.3), shows some errors in the current 

geology map (Longman, 1964) for the Windermere area. This map indicates extension of 

the basalt capping to the east past the location of line 2, whereas, the low seismic 

velocities for this line are characteristic of soil, extending into a higher velocity layer 

(lOOOrnlsec) composed of weathered Tertiary sediments mixed with basalt talus. This 

material extends to depths of approximately 5 metres where the Tertiary sediments 

(>1400) are located. Comparison of the low seismic velocities from lines 1 and 2 relative 

to those from line 5 show clearly that this particular area is not, as plotted by Longman 

(1964), primarily composed of basalt talus. 
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Figure 5.4: Seismic refraction data for line 1, basalt ridge 
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Figure 5.6: seismic refraction data for line 3, Tertiary sedlments 
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Figure 5.7: seismic refraction data for line 4, basalt boulder 
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Figure 5.8: seismic refraction data tor line 5, basalt talus mound 
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Line 4, located over the basalt block (figure 5.3) was extended over the location of drill 

hole BH2. However, although the resultant data illustrated high velocities, thus indicating 

a large mass of basalt, velocities were less than those measured for the capping. This is 

apparently due to the higher state of weathering of the block, as shown in drill core BH2. 

5.4 Data interpretation 

The derived magnetic and seismic data offers strong evidence of only one flow and that 

!	 the large piece of basalt down slope was once part of the basalt outcrop capping the ridge 

of Gaunts. The geophysical surveys also suggest that the extent of the basalt capping is 

much less than previously thought (figure 5.9). The flow, shown in figure 5.4 could have 

been extruded along a series of fault zones (figure 5.10) or have flowed along a 

paleovalley (channel). The volcanic centre is thought to be near the basalt outcrop (exact 

location unknown, see section 5.2.2). 

The eastern section of the survey area is composed primarily of Tertiary sediments as 

shown by seismic profiling. Such areas illustrate much lower magnetic intensities (figure 

5.2), when compared to the basalt and do not show the same variability in intensities 

when weathered. Depth estimates from the seismic data suggest that the Tertiary 

sediments are overlain by weathered Tertiary sediments, which extend to a depth of 5 

metres, and soil. 

The solid basalt at elevation of 90 metres appears, from the magnetic data, to be a block 

of the basalt capping which has moved down slope as a raft and not part of a second 

basalt flow. A contact zone of slightly baked Tertiary sediments transported with the 

block suggests that the volcanic centre or the basalt as a flow was not far away. 

Preliminary interpretation of the magnetic data revealed a distinction between Tertiary 

basalt and Tertiary sediments but not between basalt outcrop and basalt talus. Analysis of 

the seismic refraction data led to the conclusion that the Tertiary basalt capping does not 

extend over the entire ridge top, instead, most of the ridge is made up of a mixture of 

basalt talus which can be defined seismically and Tertiary sediments. 
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F - inferred faults, along which the Tertiary basalt F extruded 

Tb - Tertiary basalt outcrop capping Gaunts Hill 

F
Scale: 1:5, 000 

Figure 5.10: Model for the extrusion of Tertiary basalt along a series of fault zoneson Gaunts 
Hill 
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The resultant geology map for this area is illustrated in figure 5.9. Due to time constraints 

and the rugged nature of area only a small portion of the field area could be examined 

geophysically. As a result of recognising a more complex geology this survey should now 

be completed at least over the upper portions of Gaunts Hill. This would allow for the 

determination of how far the basalt capping extend to the north and the basalt talus 

surrounding the basalt capping. Investigations on a more localised basis are required if 

detailed planning is involved. 

It is recommended that since the basalt capping on Gaunts Hill does not extend as far the 

published geology map, the landslip risk zonation should be revised accordingly (chapter 

7). 

5.5 Conclusions 

Magnetic and seismic methods have been proven complementary techniques for 

determining subsurface conditions in the localised area of Windermere covered by this 

survey. The seismic profiles appear to closely define different layer types and states of 

weathering and the method may be a reliable means of determining the depth of failure 

where basalt talus is associated with clay. 

Geological investigation and slope stability risk assessment at Windermere, Northern Tasmania 49 



Chapter 6: Recent landslide movements 

Chapter6: RECENT LANDSLIDE 
MOVEMENTS 

6.1 Introduction 
) 

The recent history of Gaunts Landslide (500560, 5427500, figure 6.1) describes the 

amount and rate of movement, the direction of the movement and the factors causing 

movement. Monitoring methods used, results obtained failure model and likely future 

developments in the slip are outline in this study, which is the first of its kind completed 

on Gaunts Landslide, even though movement commenced prior to 1991. Gaunts 

Landslide has become progressively more active during the last two years (Larter pers. 

corn., 1998). 

6.2 History ofmovement 

The area surrounding Gaunts Landslide has been subjected to previous movement, as 

demonstrated by the prominent scarp and toe regions, which give an irregular topography 

(plate 3.1). The slide covers an area of approximately 150m across the hillside and 

extends 150 m down slope (figure 6.2); it appears to have occurred in several stages. 

According to Larter (pers. corn., 1998) the- first stage occurred approximately 7 years ago, 

and resulted in the draining of a natural spring (water hole). However, an earlier 

movement may have occurred at least 10 and possibly 50 years ago. Supporting evidence 

is found in 'bent trees' (plate 6.1), which straightened when that portion of the slide 

apparently remained stable for sometime. A fence constructed below the slide 16 months 

ago has been displaced 1.2 m by slope movement (plate 6.2). 

The northern-most part of Gaunts Landslide has a very large toe region (plate 6.3) and a 3 

to 3.5 metre scarp (plate 6.4), and thus appears deeper than the other slides. The geology 

in the scarp regions also differs across the slide. Field observations show that the crown 

of the northern slide is composed of basalt talus to depths greater than 3m, which 
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Plate 6.1: Irregular shaped tree - the bends have resulted from landslide 
movements which changed the tree's growth pattern. 
Photo taken from toe region on the southern part of Gaunts 
Landslide. 

Plate 6.2: Fence located below Gaunts Landslide which was constructed 
16 months ago and has been displace by 1.5 metres since 
surveying began on the 11 th February 1998 

Plate 6.3: Large toe region located on the northern part of Gaunts 
Landslide (2m high), facing south 
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progressively thins to the south and is underlain by the Launceston Beds. Hence, only the 

Launceston Beds are exposed on the southern-most scarp. 

6.3 Slope movement analysis 

6.3.1 Purpose of analysis 

Slope movement analysis provides an estimate of the amount and direction of landslide 

movement on Gaunts Landslide. Boundaries of the slip are seen clearly in figure 6.4, 

which is a three dimensional image of the landslide produced by superimposing the grid 

on a topographical map produced by a global positioning system (GPS). 

An Ashtech reliance GPS was used for this study. The location for the base station for 

Gaunts Landslide was obtained by reference to a Lands Department station marker, 

located on Native Point. Due to the Lands Department marker being more than 2 km 

away, a closer station was required for more accurate results. For this purpose, a base 

station was set up l00m away from Gaunts Landslide. The GPS was provided by the 

Surveying Department, University of Tasmania. 
) 

6.3.2 Methods of analysis 

The amount and direction of slope movement on Gaunts Landslide was measured using 

the grid method. The grid was defined by a series of pegs, driven in by at least 20 cm, on 

the landslide. The grid consisted of lines, spaced at 15 to 25 metre intervals, more or less 

perpendicular to the axis of the slide, and maintained and referenced to controlled 

benchmarks located above and beside the area of movement. Efforts were focused on the 

very visible crown and surrounding, extensive network of cracks. Measurements were 

read from the top of each peg, at the centre. A total of four series of peg measurements 

were taken (dates of measuring- 23.4.98, 8.6.98, 11.7.98, 29.8.98), a fifth was proposed, 

)	 but due to movement and presence of cattle the pegs were lost or dislodged, and some 

movements could not be measured. Movement was demonstrated, however, by the 

collapse of a large tree due to the slide (see frontispiece 2.9.1998). 

Measurements derived from the grid were plotted into an Excel spreadsheet as chords in 

space (appendix 6), thus allowing for the determination of movement down slope, by 
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Figure 6.3: Procedures used to measure movement on Gaunts Landslide 

Measurements have been take from peg 11 to 12 and 11 to 21, in a grid 
like fashion and then diagonally across the box, from 11 to 22. This 
measuring scheme has been repeated over the whole grid. 

) 
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Plate 6.4: 3.5 metre scarp region located on the northern part of Gaunts 
Landslide, facing south 

Plate 6.5:� Cracks developing around the scarp region of Gaunts Landslide 

.. 

Plate 6.6:� Plate illustrating the location of an old landslide, adjacent to 
Gaunts Landslide, with the scarp at a similar depth to the 
Gaunts northern slide 
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Chapter 6: Recent landslide movements 

measuring the distance between a series of pegs. The measurement procedures are 

outlined in figure 6.3. 

6.3.3 Movement model 

The data indicate that the whole area of visible deformation is currently moving, but 

movement is most rapid in the central portion of the slide (figure 6.4). The maximum 

amount of movement recorded for the past 6 month time period was 4 metres, with a 

spatial error of 10 cm. An obvious high ground water level passes through the subsurface 

of greatest movement. This is shown by pooling of water at the scarp of the slide, and 

water in auger holes that were dug through the scarp region (figure 6.2), below a 

goethite-rich oxidised layer (appendix 6, holes 2). Water appears to be localised within 

the failed area, because sand layers are shown in the auger hole adjacent to the slide in an 

un-failed region (SI, figure 6.2), and at approximately the same depth as measured within 

the slide (S2). Two ridge-like structures surround the landslide (old and new) which may 

funnel the water towards the area of movement. This is supported in the auger holes dug 

(SI and S2). 

A delay was noted between movement and periods of heavy rain (figure 6.5). The 

greatest amount of movement took place between measurements one and two, after 

successive periods of intense rainfall, a dry period, and then more rain. This suggests that 

the expansion and contraction of clays during wetting and drying results in more 

movement than in the sediments remain wet over a similar period. 

Grid measurements show that, while movement is dominantly downslope, a number of 

the pegs became slightly offset, mainly in a northeasterly direction. This offsetting was 

not as dramatic as the downward movement, and is barely perceptible in figure 6.4. 

Figure 6.4 shows clearly that the benchmarks for the slide have not moved during 

monitoring, thus allowing a comparison to be made. 

6.4 Failure mechanisms 

Three principal factors influence slope stability: slope gradient, slope materials and 

climate. Landslides seldom occur as the result of one factor alone; usually a series of 

interrelated factors combine to initiate failure. However, although the final factor is 
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Figure 6.5 Correlations between the amount of rainfall since 1 January 1998, and landslip 
movement 
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commonly referred to as the triggering mechanism, it is not solely the cause, nor is it 

necessarily the most important cause of failure. At Gaunts Landslide movement increases 

during heavy rainfall but it is difficult to quantitatively relate failure to rainfall or other 

triggering factors because the exact dates of failure are not known. It is noted, however, 

that observations made by the property owner suggest that failure has become 

progressively worse over the last two years. The Bureau of Meteorology rainfall records 

(appendix 2) indicate that 1996 was a wet year, 900.7 mm/yr., compared with the long

)	 term average of 836.8 mm/yr. However, in 1997 and 1998 the area has received below 

average rainfall, consequently if triggering is rainfall related, there is considerable lag 

time in the failure response, or a period of shrinkage which may lead to efficient 

absorption of any rain that falls. 

-..." 
Landslip movement generally increases the risk of instability in down slope areas by 

increasing the load on those areas. This is demonstrated by the development of large 

cracks below the large toe region of Gaunts Landslide, due pressure of overload. Down 

slope movement may also result in the de-watering of adjacent areas. In the long term 

hollows associated with such slips channel the water and may be major contributing 

factors for the reactivation of old slides. The channelling of water has been observed on 

this slide (discussed further in section 6.4.2). 

6.4.1 Material type 
Depth of failure is variable and correlates with the type of slope material. At Gaunts Hill, 

failure is deepest along the northern slide where permeable basalt talus overlies the 

Launceston Beds and allows for the deep percolation of water. Failure is comparatively 

shallow in slide areas where basalt talus is either thinly spread or non-existent. This is 

attributed to lowering of permeability by an increase in clay content so that run-off is 

increased and less water penetrates through to the clay layer as a lubricant for sliding. 

Site inspection suggests that the present failure is due to the reactivation of previous 

landslides. In its present state, the scarp and toe regions stand out prominently 70 metres 

above the slide a well vegetated region, surrounds the basalt capping. Large numbers of 

cracks are still developing around the crown region of the slide (plate 6.5) which can 

therefore be expected to continue to fail. 
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Ten soil samples were analysed for their soil properties (table 6.1) by Minerals Resources 

Tasmania (full data set in appendix 6). Five clay samples were taken from the scarp of 

the landslide (S22-S26), at different depths within hole S2. A further three were analysed 

from an un-failed adjacent area and two from an area 200 m away. Auger sampling was 

not feasible on the northern part of the slide, due to a thick (>3m) layer of basalt talus 

covering the clay: and a diamond drill hole would have been too costly. It was 

detennined, nevertheless, that the results obtained are not representative of other clays 

analysed on the southern slope at Windennere. 

Variations of soil plasticity (20-32%) have been recognised and are attributed to 

differences in clay content. Liquid limits are generally high for such sediments (up to 

132%), indicating that the clay remains plastic over a broad range of water content. The 

plasticity Index (the range of moisture content in which a soil remains plastic) is greatest 

in the finer grained clay layers due to the plastic nature of these clays. 

Table 6.1: Soil properties of the Tertiary clays surrounding Gaunts Landslide. 

Property Measured value 

Liquid limits 56-132 % 

Plastic limits 20-32 % 

Plasticity index 36 -104 % 

Clay fraction Kaolinite 25 -65 % 

Montmorillonite 5 - 20 % 

Linear shrinkage 16-27 % 

Quartz content 20-45 % 

XRD analysis indicates that the sediments are primarily composed of quartz (25-45%), 

kaolinite (25-60%) and smectite, a variety of montmorillonite (5-20%). Small amounts 

of potassium feldspar, mica, goethite and gibbsite have also been recorded (appendix 6). 

The clay fractions recorded from this region contained much less montmorillonite than 

those recorded by Moore (1986) on the southern slope. Kaolinite appears more dominant 

in the upper sediment layers. This is possibly due to the fonnation of kaolinite in areas of 

deepest weathering. 
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6.4.2 Comparison to past investigations 

Investigations by Telfer (1988) and Moore (1988) suggest a pattern where liquid limits 

decrease with depth and plasticity limits increase with depth. This pattern was not seen in 

the results obtained for this investigation (appendix 6), but a similar liquid limit range 

was recorded (64 - 128 %). Forsythe (1991) analysed clays surrounding the dolerite 

outcrop on the eastern portion of the field area. His unpublished results are included in 

this report (Appendix 6). The samples taken from the sand lenses from both this 

investigation and by Forsythe have much lower liquid limits and plasticity limits than ) 

those for clay layers. This may be attributed to the coarseness of the grains, mainly 

quartz, which reduces the ability of the sediments to retain water. Comparisons of 

grainsize within clay rich and sand rich layers are illustrated in figures 6.6 and 6.7. 

6.4.3 Soil property effects on slope stability 

A very dry summer (1997-1998) affecting much of Tasmania, led to the development of 

extensive networks of cracks (sediment dehydration, appendix 1) within the expansive 

silicate clay (montmorillonite and kaolinite). Subsequent heavy rainfall resulted in clay 

expansion, with some areas becoming unstable. Ingles (1991) has noted that soil test 
) 

results of samples of the Launceston Beds, analysed according to the AS 2870, show the 

soils to be only mildly expansive. This however, does not apply to either the Windermere 

area or the Tamar Valley. Contrary evidence has been obtained by the writer with the 

development of shrinkage cracks (15mm wide x 300mm in length) on the ground surface 

during February and March 1988, and test results from this investigation which show a 

linear shrinkage of 16 - 27 %. The expansive nature of the soil is confirmed by cracks, 

which have appeared in a number of houses in Windermere (Chapter 4). 

Cracks increase the rate of weathering, especially in areas of instability, where they result 

increasingly in greater circulation of air and water and the mixing of sediments (Marshall 
) 

et. al., 1996). Such cracks did not appear in heavily vegetated areas, possibly due to plant 

roots providing support to the soil matrix. 

Increasing moisture content has several important effects on slope stability, including 

increased shear stress on the slope due to increased loading on the sediments. Ultimately 

failure will occur when shear stress exceeds shear strain. At Gaunts Landslide, water in 
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the clay rich part of the slide has concentrated in the scarp region due to rotational failure; 

pools of water also occur around the edge of the slide. And water appears to be the 

dominant factor affecting movement. The plane of failure in this zone is kept wet 

constantly. Whereas, in no area where thick basalt talus is located does water collect. 

This is attributed to the highly permeable nature of the poorly sorted basalt talus. Poor 

sorting results in a loose soil aggregate, thus leaving pathways for water to percolate 

down into the clay horizon below. The slip plane for this particular slide is within the 

clay horizon. Evidence for this is in the toe region, where the failed material is primarily 

clay with only a small amount of basalt talus. 

6.5 Slope stability analysis 

6.5.1 Purpose 
Slope stability analysis for Gaunts Landslide was designed to produce a hypothetical 

mathematical model for slope failure, examine the effects of varying input parameters 

(sensitivity analysis), and to develop a model to assess the effect on the stability of slope 

modifications and to generate appropriate remedial measures. Limitations of this model 

should be noted. Whilst most of the data were derived for this specific site of failure, 

some information was obtained from investigations by others elsewhere in Windermere. 

Furthermore, the analysis was completed only on the northern portion of the landslide 

where the failure zone is well defined. 

Gaunts Landslide is a reactivation of an older landslide, hence all parameters used are in 

terms of effective stress as being the more reliable parameters. Residual cohesion and 

residual angles resulting from past movement assume that the height of the active scarp is 

similar to the adjacent older slide (plate 6.6) and that failure may have occurred on the 

same failure plane, an obvious area of weakness. The following symbols apply to the 
) 

stability analysis discussion. 

Prefixes used in text	 c' - residual cohesion
 
W - weight
 
ra - moisture ratio
 
cl>' - residual internal friction angle
 
Fs - Factor of Safety
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6.5.2 Method of analysis 

Bishop's simplified method was adopted, as the most appropriate method of stability 

analysis, because it applies to circular slip planes and incorporates pore water pressure. 

The precise subsurface shape of the slide is not known, but it is observed to be rotational, 

as illustrated in figure 6.8, thus suggesting movement along an internal slip surface. The 

method has been recognised (Parton, 1974; Moon, 1984) as one which produces realistic 

results. 

) 

The method calls for shear box tests to identify the exact location of the failure plane and 

to determine the shear strength of individual layers. Lupini et al. (1981) recognised two 

types of failure based upon the level of control imposed upon residual shear strength of 

variable proportions of platy clay particles. Soils with a low proportion of clay fail along 
.. turbulent shear planes; soils with a high proportion of clay fail by sliding shear and 

develop low shear strength surfaces of strongly orientated clay particles. 

The relationship between strength and plasticity measurements for this slide indicates 

)	 failures by sliding shear (figure 6.9), S22 was the sample analysed by Mineral Resources 

Tasmania. However, some sandy layers have a lower plasticity index (36) which suggests 

that if failure occurred on this clay layer, the mechanism would be by turbulent shear or 

by a combination of the two methods, Le. a transitional mechanism, illustrated in figure 

6.9. 

Shear box tests (process outlined in appendix 7) on one clay samples produced a visible 

shear plane (plate 6.7), giving a very low residual angle of internal friction (<1>'= 10°). The 

cohesion value was also relatively low at 3 kPa. The remaining parameters were derived 

from earlier investigations. The moisture ratio (ra ) of 0.5 was used from Telfer's (1988) 

investigation, on the southern slope around Windermere Farm (see section 4.2). Unit 

weight was obtained from Moore's 1986 investigation and was based on density 

determinations of the soil at Windermere, adjusted slightly to account for the presence of 

basalt talus. It is also assumed that Tertiary clays underlie the slope and the maximum 

depth of failure used for this analysis was 10 metres. The shape and depth of the shear 

plane was determined using the slip circle method, which incorporates the whole 

landslide from the scarp region to the toe. The location of the failure plane was 
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Plate 6.7: Defined shear zone produce from shear box tests completed on 
the Tertiary sediments in the scarp of Gaunts Landslide (822) 
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not closely identified, but is unlikely to be as modelled; it is thus only an approximation 

of the true failure model. 

6.5.3 Findings 

The calculated factor of safety (Fs) for Gaunts Landslide is 0.88, which is very low and 

indicates a very unstable area because failure generally starts at Fs approximate to one. 

Several input parameters are varied in this model, to examine their effect on slope 

~) 

stability (sensitivity analysis). The resultant calculations suggest stability increases with 

increasing cohesion, ( c' =3, Fs =0.88; c' =6, Fs = 1.76; and Fs decreases to 0.29 when 

c' =1). Likewise, a rise in the angle of internal friction (table 6.4) also increases stability. 

This model indicates that a factor of safety greater than one would not be achieved until 

the internal friction angle is greater than 14° (given that cohesion =3 kPa). However, 

stability is reached at a lower angle when the moisture ratio is reduced (table 6.6). 

Moreover, with an internal friction angle of 10° stability is not reached until the moisture 

ratio is less than 0.3 (table 6.4). The depth of the water table is extremely important, from 

the slip circle model, the depth of failure is estimated to be approximately 10 metres. 

) 

Historically, from the basalt cap down, failure probably occurred first during the Pliocene 

under different climatic conditions. It extended down much of the slope, to reach the 

angle at which the sediments were stable. The slide has since been rejuvenated due to 

regional weathering and erosion. 

The results derived from Bishop's Simplified Method were compared with those from the 

slope stability computer-modelling program, Galena (discussed in appendix 8). The 

derived FS using Galena was 0.484 for Bishop's Method and 0.486 for Spenor's Method. 

The same input parameters were used for all three analyses. Due to such discrepancies a 

J	 fourth analysis was undertaken, using Cousins Method of Tables. The result was a 

calculated Fs of 0.81, very similar to that derived in the original analysis. The differences 

are probably due to major assumptions made in the computer model. The method of 

analysis most appropriate for the parameter used is Bishop's simplified hand calculated 

method. On the other hand, if more parameters had been available, e.g. like the exact 

shape of the failure plane, individual strength for beds, thickness and the exact slope 

profile, Galena would have proven more accurate. Galena combines three slope failures 
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Figure 6.9: Relation between strength and plasticity 
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methods: Bishop's, Spencer-Wright and Sarma method of slices, which results in a model 

closer to that of the actual failure. However, the required data could not be obtained due 

to time constraints and cost, 

6.6 Remedial measures 

Telfer (1988) observed that nowhere in the Tamar Valley do landslides occur under 

natural vegetation, but only where slopes have been cleared. However, Native Landslide, 

is an exception to this observation, since failure has and is occurring under natural 

vegetation. Once cleared, the effects of tree replanting are difficult to quantify. Three 

investigations by Gray (1974) have shown that plant roots increase shear strength by 

increasing soil cohesion. Wu et al. (1979) suggest that networks of roots could increase 

soil cohesion by 5 kPa but there might be conflicting effects due to the weight of trees 

and changes in pore pressure. Current investigations on Gaunts Landslide suggest that an 

increase in cohesion of 3 kPa would increase the factor of safety by 100 %. A canopy of 

trees and organic litter on the slope would also reduce surface erosion by rainsplash and 

the rate at which water infiltrates into the ground during periods of intense rain. 

)	 Evapotranspiration also has a major effect on removing water from within soil, thus 

lowering the water table. 

However, Prandini et al. (1977) suggests that vegetation increases load on slopes, thus 

contributing to instability of slope where the inclination is above the friction angle of the 

material involved. Field observations by Telfer (1988) indicate that large trees (primarily 

Eucalyptus) stabilise clay slopes dramatically, although several years would be required 

for trees to provide a stabilising force on Gaunts landslide. Slope movement during this 

time could destroy or slow down the growth of trees. Evergreen trees are better than 

deciduous because evapotranspiration continues throughout the year. Thus is particularly 

important during winter when slope movements are most likely to occur. 

No remediation methods have yet been employed on Gaunts Landslide area. 

Theoretically, considerations could be given to the installation of a large drainage system, 

to depths of 3 metres. However, such channels would have little effect on slides such as 

Gaunts Landslide for which the depth of failure is up to 10 metres. Although upslope 

drainage would prevent infiltration to a large extent, the diversion of watercourses needs 
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Chapter 6: Recent landslide movements 

Tables 6.2 to 6.6 refer to figure 6.8 

Table 6.2: Statistical changes in soil weight 

(1) 

a 

15.5 
15.5 
15.5 

(2) 

sina 

0.267 
0.267 
0.267 

(3) 
W 
(leN/m3

) 

20 
18 
19 

(4) 
(2)*(3) 

5.34 
4.806 
5.073 

(5) 

r a 

0.5 
0.5 
0.5 

(6) 
tj>' 

10 
10 
10 

(7) 

tantj>' 

0.176 
0.176 
0.176 

(8) 
(3)[1-(5)]*(7) 

1.778 
2.67 
1.672 

(9) 
cosa 

0.9636 
0.9636 
0.9636 

(10) 
tana 

0.277 
0.277 
0.277 

(11) 
Fs 

Fs 
Fs 
Fs 

(12) 

(11)/(9)[1+(10)*(7) 

F/1.0105 
F/1.0105 
F/1.0105 

(13) 
C' 

3 
3 
3 

(14) 
Fs= 
(13)+(8)*(12)f(4) 

0.83 
1.09 
0.88 

Table 6.3: Statistical changes in soil cohesion 

(1) 
a 

15.5 
15.5 
15.5 

(2) 

sina 

0.267 
0.267 
0.267 

(3) 
W 

19 
19 
19 

(4) 
(2)*(3) 

5.073 
5.073 
5.073 

(5) 

r a 

0.5 
0.5 
0.5 

(6) 
tj>' 
(0) 

10 
10 
10 

(7) 

tantj>' 

0.176 
0.176 
0.176 

(8) 
(3)[1-(5)]*(7) 

1.672 
1.672 
1.672 

(9) 
cosa 

0.9636 
0.9636 
0.9636 

(10) 
tana 

0.277 
0.277 
0.277 

(11) 
Fs 

Fs 
Fs 
Fs 

(12) 
(11)/(9)[1+(10)*(7) 

F/1.0105 
F/1.0105 
F/1.0105 

(13) 

C' 
(kPa) 

3 
6 
1 

(14) 
Fs= 
(13)+(8)*(12)/(4) 

0.88 
1.76 
0.29 

Table 6.4: Statistical changes in moisture ratio within soil 

(l) 

a 

15.5 
15.5 
15.5 
15.5 
15.5 
15.5 

(2) 

sina 

0.267 
0.267 
0.267 
0.267 
0.267 
0.267 

(3) 
W 

19 
19 
19 
19 
19 
19 

(4) 
(2)*(3) 

5.073 
5.073 
5.073 
5.073 
5.073 
5.073 

(5) 
r a 

0.5 
0.45 
0.3 
0.2 
0.1 
0.0 

(6) 
tj>' 

10 
10 
10 
10 
10 
10 

(7) 
tantj>, 

0.176 
0.176 
0.176 
0.176 
0.176 
0.176 

(8) 
(3)[1-(5)]*(7) 

1.672 
1.8392 
2.3408 
2.6752 
3.0096 
3.344 

(9) 

cosa 

0.9636 
0.9636 
0.9636 
0.9636 
0.9636 
0.9636 

(10) 
tana 

0.277 
0.277 
0.277 
0.277 
0.277 
0.277 

(11) 
Fs 

Fs 
Fs 
Fs 
Fs 
Fs 
Fs 

(12) 
(11)/(9)[1+(10)*(7) 

F/1.0105 
F/1.0105 
F/1.0105 
F/1.0105 
F/1.0105 
F/1.0105 

(13) 
C' 

3 
3 
3 
3 
3 
3 

(14) 

Fs= 
(13)+(8)*(12)1(4) 
0.88 
0.92 
1.09 
1.24 
1.43 
1.70 
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Table 6.5: Statistical changes in internal friction angles of soils 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) 

a. sina. W (2)*(3) r a cjl' tancjl' (3)[1-(5)]*(7) cosa. tana. Fs (11)/(9)[1+(10)*(7) C' Fs= 
(0) (kPa) (13)+(8)*(12)/(4) 

15.5 0.267 19 5.073 0.5 10 0.176 1.672 0.9636 0.277 Fs F/1.0105 3 0.88 
15.5 0.267 19 5.073 0.5 12 0.212 2.014 0.9636 0.277 Fs F/1.0105 3 0.99 
15.5 0.267 19 5.073 0.5 14 0.249 2.3655 0.9636 0.277 Fs F/1.0105 3 1.12 
15.5 0.267 19 5.073 0.5 16 0.286 2.717 0.9636 0.277 Fs F/1.0105 3 1.29 
15.5 0.267 19 5.073 0.5 18 0.325 3.0875 0.9636 0.277 Fs F/1.0105 3 1.84 

Table 6.6: The effects of changing moisture ratios on internal
 
friction angles and thus on the Factor of Safety, for the clay samples derived from Gaunts Landslide
 

Factor of Safety 
8° 10° 12° Moisture Ratio (ra) 

0.79 0.88 0.99 0.5 
0.82 0.92 1.04 0.45 
0.86 0.97 1.12 0.4 
0.93 1.01 1.32 0.3 
1.01 1.24 1.60 0.2 
1.14 0.43 2.03 0.1 
1.26 1.70 2.79 0.0 
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Chapter 6: Recent landslide movements 

to be carefully considered, to prevent the destabilisation of other areas. Nor can such 

slides be stabilised economically when they have progressed to the present state of 

Gaunts Landslide. They should therefore be allowed to continue until the angle of 

response is reached at which stage it becomes stable (<7°) and can be re-vegetated once 

more. 

Ancient failure in the area occurred during a period, when the landscape was de

vegetated under a climate not similar to that today. Possibly during an iceage when little 

vegetation grew and the clime was very wet. Two possible models have been proposed 

for the type of failure responsible for down slope movement of the large basalt block, on 

the southern slope. The first model suggests one large failure (figure 6.10), whereby, 

scarps were produced as a series of failures extending up-hill with time. The second 

hypothesis is a series of small slides, shown in figure 6.10. The drill core taken through 

the basalt block does not exhibit a defined failure plane. There are a few mushy spots, but 

no apparent aligning of the clay particles, which are usually seen on failure planes 

(Moore pers. corn., 1998). Bedding is well developed in the lower, less weathered 
, 
/	 portions of the drill core (plate 3.7), but is not defined in the upper region, thus, 

suggesting that failure has disrupted bedding, producing a large mass of clay. The 

movement of such large amounts of material most likely occurred during wetter climatic 

conditions, than those present today. Little vegetation is likely to have existed during this 

period, since little organic material, in the form of coal is present in the drill core. 

6.7 Conclusions 

A number of interrelated variables have resulted in continued movement of Gaunts 

Landslide. The most important of these is the effect of rain on infiltration into the soil. 

Not only does water lubricate the slide but it also reacts with the Tertiary clays to cause 

swelling and reduce cohesion. Such clay properties make the sediments very prone to 

failure throughout the Tamar Region. 

The slope stability analysis has effective by identified the effects of changing parameters 

on the slope. It should be noted, however, that the Launceston Beds are not uniform in 

composition and strength and tests of variable parameters during the sensitivity analysis 

are of critical importance. 
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Chapter 6: Recent landslide movements 

Observations made by Telfer (1988), stating that failure does not occur under natural 

vegetation are too general. While vegetation may tie sediments together into a block and 

reduce water flow through the sediments, its presence may retard but will not stop failure 

occurring along a failure slip plane beneath the plant roots. As a form of remediation, the 

planting of vegetation on shallow slides would probably have a beneficial effect, however 

on deep rapidly moving slides, like Gaunts Landslide, they would be of little benefit. 

) 

) 

) 
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Chapter 7: Landslip risk zonation 

7.1 Introduction 
) 

Analysis of field and laboratory data presented in earlier chapters is integrated with 

additional data, including vegetation and flow relationships generated by this research to, 

grade individual risks of failure. The assessment of landslip risk involves the 

development and evaluation of geological, morphological and hydrological models using 

Geographic Information Systems (GIS) (Clarke, 1986) to produce landslip risk zonation. 

The GIS computer assisted system used is ARCIINFO version 7.004. 

7.2 Classification basis 

7.2.1 Methods of acquiring data 

A geology map was compiled from surficial geology, geophysical surveys and 

interpretation of drill core and auger holes (appendix 5). Geology, vegetation and areas of 

past movement were digitised by hand into the ARCIINFO program (produced from 

surficial and ortho-photo interpretation). Topographic contours at 5 metre intervals were 

also digitised from the 1:5,000 series ortho-image (1984) of the Windermere area, 

together with property boundaries and roads. 

7.2.2 Data modelling 

The digitised topography data was used to produce a slope class map (figure 7.1), and a 

) flow accumulation map (figure 7.2). The slope class map was derived by first producing a 

digital elevation model (DEM) in ARC/GRID, which assigned a particular value to each 

cell within the grid. A 1 or 2 metre contour interval would have provided a more accurate 

representation of the slope, but the supplied interval for this area was only 5 metres. 

A flow accumulation model was also derived from ARC GRID from the topographic 

map, and the hydrology of the area. Of particular interest when studying landslides are 
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Chapter 7: Landslip risk assessment and zonation 

the wet areas, as identified in this model. In this case, however, the first attempts at 

producing the flow accumulation model posed problems due to non-continuous drainage 

lines, which required a stream layer to be superimposed. The result is a comprehensive 

flow accumulation model (figure 7.2), i.e. the potential for a given cell to receive water. 

7.2.3 Data integration 

The ultimate aim of data compilation, i.e. to produce a risk zonation map for 

Windermere, was achieved by the addition of a series of attribute data I. Each layer was 

split into a series of classes, which were each given a weighting value according to the 

extent of its affect on slope stability, irrespective of any correlation between layers. 

The geology layer was subdivided into five main classes according to the rock types 

present. Each rock unit was assigned a weighting of 1 to 10, depending on material 

strength (figure 7.3). Solid outcrops of Tertiary basalt and Jurassic dolerite were taken to 

provide a firm foundation base and were assigned a weighting of '1'. Alluvium, mainly 

confined to the shorelines and low angle slopes, and being apparently devoid of 

expansive clays, was given a comparatively low weighting of 3. Thick basalt talus was 

given a moderate value '5', although such basalt talus benches are thought to have 

originated from previous landslide activity. In many cases, where the basalt talus has a 

matrix composed of Tertiary clay it has been assigned a weighting of '8'. The highest 

values (10) were assigned to Tertiary sediments, which have an internal friction angle of 

<1>'=10 on Gaunts Landslide. 

The vegetation layer has been subdivided into three classes (figure 7.4), based on field 

observations. Dense forested areas have the most stable slopes and are assigned a . 

weighting of '1', as the lowest value in the table. Medium density forest is classed as '3' 

and bare ground '10', as providing no vegetal resistance to movement. 

Active areas, dormant areas, and areas that have never moved (figure 7.5) have also been 

assigned weightings. The highest value was assigned to the active landslide area (10), 

because the areas are clearly unstable. Areas now dormant were assigned a slightly lower 

value (7) because, while movement is not currently evident, they have a high risk of 

1 attribute: a non-graphic characteristic of a map feature described by numbers or characters. usually stored in tabular format. and 
linked to the feature by a user assigned identifier (ESRf. (990) 
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failure (e.g. Gaunts Landslide is the reactivation of an old landslide). Movement reduces 

sediment strength, hence these regions have a greater potential for failure than those 

which have not previously failed. Areas where movement has not occurred have been 

given the lowest risk rating (1). 

A number of the layers, namely geology, vegetation and areas of movement were 

categorised using vector layers2
• In contrast, the slope and flow accumulation layers were 

)	 
categorised using raster format3

• Both the raster and vector formats require the operation 

of 'slicing' of data sets into classes to ensure each class or data range specified in a 

lookup table4 is separated within each layer. The vector layers were converted to raster 

format so that the two forms of data could be combined (section 7.3.1). 

Slope angles were allocated based on sediment strength, Le. the critical slope angles to 

which sediments are believed to be stable. The landslide zonation map of Launceston, 

produced by Forsythe (1997) as part of his urban mapping project, proposes a critical 

angle of 7° for deep soils and 10° for dolerite graveL However, generalisations such as 

these, and those of Young (1972) which suggested that sandy clays are only stable to 

angles of between 5 - 7°), are regional estimates and do not necessarily apply to 

individual localities. Sediment stability angles depend upon a number of interacting 

variables including pore water pressure and composition of clay minerals and these are 

hard to predict (see expanded discussion in appendix 1). Critical slope analysis in this 

thesis distinguishes areas with slope gradients 0-2°, 2-4°, 4-6°, 5-6°, 6-r, 8-9°, 9-10°, 

1O-1l 0, 1l-12° and > 12°. 

The thickness of basaltic talus is significant in only a few small areas such as directly 

below the basalt capping. Consequently, a 14° critical angle may only apply to a limited 

area with the shallow cover of basalt talus having a critical angle more closely reflecting 

that of the Tertiary sediments. As a general observation, failure can be deep, up to 10 

metres on Gaunts Landslide, when it occurs below the basalt talus. Careful consideration 

2 vector layer - data consisting of lenses, points and polygons (Burrough, 1986)
 
3 raster format -layers comprising grids or cells (Burrough, 1986)
 
4 lookup table - method of linking different data ~et~  !Qgether
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should always be given to these allocations, Le. by determining the thickness of basaltic 

talus by diamond drilling or seismic techniques for greater accuracy. 

Weightings assigned to the flow accumulation map were modelled on the perceived 

potential for the supply of water from cells up-slope which may point to potentially 

wetter areas. Figure 7.5 shows the weighting given to cells, which receive the most water. 

The assigned weightings in this study differ from those of Heath (1997) on geological, 
-) 

historical, morphological and hydrological grounds; Heath (1997) did not take account of 

areas of active, dormant5 and no landsliding conditions. 

7.3 Classification criteria 

With each class, within each layer assigned a weighting relative to its potential to fail, 

estimates were made and maps produced to assess the influence of each layer on slope 

stability. For example, figure 7.6 combines the relative weighting of four layers 

(excluding the active movement layer) assigned to individual parameters in table 7.1, in 

order to predict the areas of greatest potential for movement. The parameters of failure 
) history incorporated in this study show that these areas have a much greater risk of 

becoming unstable, due to the reduction in sediment strength (i.e. residual values) and 

such areas were given a higher weighting (Table 7.1). The weighting is assigned to each 

layer according to how much that layer affects slope stability. The maps derived from the 

parameters set out in table 7.1 show the affect of the movement layer. 

Table 7.1: Weightings assigned to individual parameters 

Layers used Parameters used in Figure 7.7 Parameters used in Figure 7.8 

Movement 0.5 

Slope 0.2 0.2 

Geology 0.15 0.15 

Flow 0.1 0.1 

accumulation 

Vegetation 0.05 0.05 

5 Dormant - active in the past, but has been stable for some time 
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In order of importance in Table 7.1, slope was assigned the next highest weighting after 

movement, because the resistance to movement of a slope materials is directly related to 

the slope gradient. Geology was ranked next, because of the varied resistance of slope 

materials to shear stress. Flow accumulation in the form of water-promoted land 

instability, particularly during periods of intense rainfall, was next in the weighting. 

Vegetation was least important parameter, although failure may still occur in vegetated 

areas as exemplified by Native Landslide. Telfer (1988) believes vegetation plays a more 

important role than that used in this model, however it is clear that the depth of failure in 

these zones is too deep for vegetation to have any major affect. Hence, a low weighting 

has been assigned. 

7.3.1 Data overlay 

All layers in the same format, geology, slope, vegetation, movement and flow 

accumulation were overlain and modelled in ARC/GRID using the relative weights 

assigned to each layer in table 7.1. The resultant map (figure 7.6), which illustrates the 

gradual change from high to low risk over the Windermere area, was then 'sliced' into 

five distinct categories, to show the relative potential for land instability (figure 7.7). It 

should be noted, however, that the information is of a general nature, and applies only at 

a regional scale, because site specific parameters were not employed. Thus, when 

considering building construction, a detailed investigation is needed on a site by site basis 

by a qualified engineer or geologist to differentiate between stable areas and areas of 

potential risk. 

7.4 Model risk potentialfor instability, using ARC INFO 

The potential for land instability in the Windermere areas is high, as shown in figure 7.7. 

However, this is not restricted to Windermere, stability problems are known throughout 

the Tamar Valley, generally associated with the Launceston Beds. The areas of greatest 

landslip risk in the Windermere area are the steep slopes around Gaunts Hill shown in red 

and orange (figure 7.6), in which two active landslides occur. The area of movement 

appears dependent on geology, slope, drainage and vegetation. It is apparent that large 

Eucalyptus trees are having a stabilising effect and are thus influencing the shape of 

Gaunts Landslide. 
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It is apparent from the flow accumulation model that two major previously unrecognised 

drains run through Gaunts Landslide (figure 7.8); the stable areas surrounding the slide 

do not exhibit similar concentrations of predicted flow. Surface topology influences flow 

accumulation, however, the derived flow accumulation model (figure 7.2) is unlikely to 

be influenced by the movement on Gaunts Landslide; a 1984 ortho-image was the source 

of data	 which was developed before the major part of the landslide occurred. 

Furthermore, since the vegetated area where Native Landslide is located also has a major 
'\ 
I	 drainage pattern running through the region, it can be inferred that areas with large 

drainage channels normal to slope or failure have a higher potential for failure than other 

areas within the same risk zone. Indeed, all recorded areas of past instability in the 

Windermere area have large water channels running through them. The risk model also 

identifies areas subject to past move~ent  along the southern slope as areas of high risk. 

Risk is shown, therefore, to be a function of slope, water, geology, vegetation and 

movement history. In generally, if an area is already failing the risk is extreme, because it 

will continue to fail until the shear strength exceeds the shear stress. 

The risk zonation map (figure 7.6) also shows that the southern slope is less likely to fail 

due, primarily, to its flatter slope. Areas marked green are unlikely to fail, the yellow 

areas have the potential to fail and the orange and red areas have a high risk of failure. 

This model is, however, based partly upon theoretical assumptions and while it provides 

useful information for construction of the overall risk potential map, it needs refining 

before it can be used with complete confidence by the construction industry. Figure 7.8, 

as an updated version of Telfers' 1986 landslip zonation map (figure 4.4) is such a map. 

7.5 Problems associated with zonation in place 

Telfers' (1986) risk zonation map of Windermere (figure 4.4) classifies the southern 

slope riverfront area as zone m. Because past slope movements have affected the entire 

slope it is more appropriately classed zone IV. Moreover, it does not seem reasonable to 

classify the region along the foreshore, to the east of where the house fell into the river, 

as zoned m. The derived risk model (figure 7.6) shows a high risk potential for the 

foreshore on the southern slope and the official classification should be revised, 

particularly since serious movement has affected two houses here in the past decade. Not 
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all active areas are illustrated in Te1fers' (1986) map, which is another reason why it 

should be updated. Due to such areas of active failure arising in recent years, the 

landslide zoning for the region should be reviewed at least every 5 years on the basis of 

slippage. 

The geology data derived from this investigation has shown that the basalt being less 

extensive than first thought, and the only a small portion of the ridge top should be 

classified as zone I. 

7.6 Final classification 

The final classification map, figure 7.7, is a guide for construction and subdivision of the 

Windermere area. The zonation used in figure 7.7 has been made according to Minerals 

Resources Tasmania classification criteria, as outlined in table 7.2 (more detailed in 

appendix 4) 

Table 7.2: Zone classification for levels of land stability in the Windermere area 

Zone 1: Stable hard ground, e.g. Tertiary basalt, or Jurassic dolerite. 

Zone 2: Generally stable ground on soft rock all slopes on < 7° 

Zone 3: Potential landslide areas on soft rock, with slope> 7° 

Zone 4: Old landslip and adjacent areas 

Zone 5: Recent/active landslip and adjacent areas 

Based on the zonation used by Minerals Resources Tasmania (details in Appendix 4). 

7.7 Landslide classifications used in Australia 

A number of landslide risk classifications have been developed throughout Australia. 

Table 7.2 illustrates some of these models and associated problems. In general, landslide 

mapping schemes should always be designed for specific purposes, in order to obtain the 

precise information needed. 
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Table 7.3: Summary of Landslide Zonation Models Used in Australia 

Author Method Problems associated with 
model 

Joyce & Evans, 
1976 

Stability rating: focus on slope angle, 
vegetation, landuse, proximity to 
springs, jointing, bedding planes and 

1) 

2) 

Gives too much emphasis to prior 
landslide activity. 
Slope classifications are 

previous land activity inappropriate for areas where low 
strength material exist 

Ingles, 1976 Problematic approach: 1) Places too much emphasis on steep 
slopes. 

2) Insufficient allowance for signs of 
existing or past instabilities. 

3) Over emphasis on drainage. 

Stevenson, 1977 Relative risk: Assigns scores for clay 1) Crude method and values of r> 50 
factor (p) and water factor (w), slope should be treated as a warning sign 
angle (s), slope complexity © and of possible instabilities. 
landuse (u). Denoted by the equation: 2) Plasticity Index is not necessarily a 
Risk (r) =[(p+2w) x (s+c)] good guide to instability. 
Slope failure is said to occur when r > 
60. 

Walker et. aI., Specifically for residential 1) Designed for soil slopes overlying 

1985 development: Risk of instability, 
active or ancient and evidence for 

interbedded siltstones, shales, 
sandstones and coal in the Sydney 

creep. Basin. 
2) Not directly applicable to other 

areas or geological environments. 

In recent years geographical information systems (GIS) have been used increasingly to 

create landslide zonation maps. GIS allows for a series of data sets to be combined 

independently of possible human error so that model parameters can be adjusted and new 

variables inserted (Heath, 1997). 

7.8 Conclusions 
Investigations of slope stability inevitably raises difficult questions and this thesis has 

discussed some of the possible methods of obtaining satisfactory solutions. The causes of 

instability are not always obvious and factors that may affect slope stability need careful 

examination. By locating areas which are at high risk of failing, precautions can be taken 

to prevent the likelihood of movement occurring. It is therefore mandatory that risk 

assessments such as this are undertaken on all areas where construction is proposed and 

in areas of future subdivision. 
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Chapter 8: Summary, conclusions and 
further work 

8.1 Introduction 

A fundamental characteristic of the Tamar Valley Launceston Beds is their potential to 

fail under stress. The Windermere area is a good example of this and the study was 

designed to identify the principal destabilising agents in two of the most troublesome 

areas - Gaunts Landslide and Native Landslide. Standards have now been established 

which can be used with confidence by the building industry, to select and modify sites 

that will be safe for construction, as the result of these investigations. 

8.2 Study review 

The long history of instability of the Launceston Beds has led to continued investigations 

of possible causes of failure. Known problems are associated with extremely reactive/ 

expansive clays, interbedded sand aquifers, moderate to high slopes and poorly 

documented examples of previous failure. A number of conflicting views have been 

expressed without reaching consensus for the prime reason or reasons for failure and the 

current risk zonation map inadequately reflects safety factors suggested by more recent 

excavations, roadworks, and slippages. This study has suggested measures that may be 

applied to up update the present risk zonation map. 

8.2.1 Geology 

The original geological maps (Longman, 1964; Gulline, 1973) have been updated as the 

result of field inspections, geophysical surveys and interpretation of drill cores and test 

pit analyses. Longman's map (1964) was more accurate than that of Gulline (1973) in 

terms of the geology and extent of the area covered (section 3.3.1) and Telfer's (1988) 

map was a further improvement. This study has employed geophysical techniques to 

provide additional information on the geology. Magnetic methods have successfully 

identified subsurface rock types in the Windermere project area and such surveys should 
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be extended over the greater part of Windermere in order to determine the exact extent of 

the basalt outcrop and basalt talus. Seismic refraction methods have complemented the 

magnetics by identifying individual layers and different states of weathering within the 

study area. The surveys have resolved one controversy by producing evidence for only 

one basalt flow on Gaunts Hill; showing, instead, which the hypothesised second flow is, 

in fact, a basalt block that was originally part of the basalt capping. The methods used 

here should also be suitable, at a subdivision scale to differentiate the extent of insitu 

dolerite / basalt and talus and their use is universally recommended. 

Reliable identification of rock units is fundamental to studies of land stability. In most 

cases, the inherent bearing strength of Tertiary basalt and Jurassic dolerite make them 

suitable for foundation purposes. Tertiary sediments and basalt talus, on the other hand, 
'.-;.. ...-:. 

are potentially unstable, as shown by their derived strength characteristics; remedial 

measures must be taken to ensure their bearing strengths are safe for construction. 

Tertiary sediments pose particular problems when exposed to water, due to expansion 

and contraction of the clay minerals. This is demonstrated by the movement of houses 

located on the foreshore along Windermere Road (see chapter 4). The possible confusion 

concerning what is actual outcrop or part of a talus deposit can often only the be resolved 

geophysically as noted above. 

8.2.2 Stability analysis 

Analysis of data derived from gridding suggests that the whole surface of Gaunts 

Landslide is in motion with movement being most rapid in the central portion, where 

there is an obvious high water table. The maximum amount of movement recorded for 

the 5-month period covered by this study was 4 (±1O) metres. Two ridge-like structures, 

which surround the landslide (old and new), apparently, funnel the water towards the area 

of movement. Grid measurements show that, while movement is generally downslope, a 

number of the pegs became slightly offset, mainly in a north easterly direction. 
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8.2.3 Failure mechanisms 

Water appears to be the dominant factor influencing downslope movement of Gaunts 

Landslide. Increases in moisture content or variations in hydraulic properties have several 

important effects on slope stability, including: 

a)	 increased shear stress on the slope due to increased loading on the sediments; failure 

will occur when shear stress exceeds shear strain. 

b)	 water in the clay rich part of the slide has concentrated in the scarp region due to 

rotational failure with pools of water also around the edge of the slide; thus keeping 

the plane of failure wet constantly. 

c) water did not collect in any areas where thick basalt talus was located. This is 

attributed to the highly permeable nature of the poorly sorted basalt talus. 

d) poor sorting in a loose soil aggregate provides pathways for water to percolate into 

the clay horizon below. 

e) major drainage patterns running through all currently active areas, have been 

recognised from the flow accumulation model. 

The slip plane for Gaunts Landslide lies within the clay horizon at a depth of about 10 m. 

This is apparent in the toe region, where the failed material is primarily clay with only a 

small amount of basalt talus. From the measured angle of internal friction and the 

Plasticity Index, sliding shear is the failure mechanism is by. 

Clay mineralogy, grainsize and plasticity variations are critical to stability and stability 

analysis. Ingles (1991) report suggests that the Launceston Beds are only mildly 

expansive (section 4.2.2), and that slope angles less than 12° are generally safe from 

slippage. These observations are grossly over optimistic and could give misleading 

information to developers. Analysis show that the Launceston Beds are, extremely 

expansive (section 6.4.1) and Telfer (1988) has recorded landslides occurring in these 

sediments on slopes less than 7°. Gaunts Landslide failure occurs on slopes generally 

greater then 10°. However, overloading pressures upslope result in toe ripples on the 

lower slopes, hence movement is occurring on slopes less than 7°. 
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8.2.4 Slope stability analysis 

Bishop's simplified Method and Cousins method were used to determine the stability of 

Gaunts Landslide. The calculated factor of safety (Fs) for Gaunts Landslide is a very low 

0.88, which indicates a very unstable area. Failure begins when Fs approximates one. 

Two factors which influence stability are increasing cohesion and a rise in the angle of 

internal friction. Analysis of data on Gaunts Hill data suggests that a factor of safety 

greater than one would not be achieved unless the internal friction angle was >14°, but 

would be reached at a lower angle if coupled with a reduction in the moisture ratio. The 

depth of the water table is, therefore, extremely important. From the slip circle model the 

depth of failure has been estimated at approximately lO metres and from auger hole 

observation the water table is less than lOm (probably 3.4m) below ground and is 

therefore influencing slope movement. 

8.2.5 Remediation 

Telfer's (1988) statement that landslides do not occur in naturally vegetated areas within 

the Tamar Valley, but only where slopes have been cleared is not true. Native Landslide 

is an example where this has occurred. Trees are probably the reason the failure surface is 

so deep (>1Om on Gaunts Landslide), since they act to hold the soil together. Failure 

occurs below root depth; evapotranspiration lowers local water tables and hence increases 

friction angles. 

Once land has been cleared and failure (shallow) instigated, the effects of tree replanting 

are difficult to quantify. Re-vegetating the Gaunts Landslide area is one possibility that 

could be a considered. Current investigations on Gaunts Landslide suggest that an 

increase in cohesion of 3 kPa would increase the factor of safety by 100 %. A canopy of 

trees and organic litter on the slope would reduce surface erosion by rainsplash and the 

rate at which water infiltrates into the ground during periods of intense rain. The high 

shrinkage of many materials allows abnormal absorption or runoff after dry climate 

cycles and thus may rapidly overload materials as they rapidly expand. 

Evapotranspiration also has a major effect on removing water from soil, thus lowering the 

water table. Field observations by Telfer (1988) indicate that large trees (primarily 

Eucalyptus) do stabilise clay slopes, although several years would be required for trees to 
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provide stabilisation on Gaunts landslide. Slope movement during this time could destroy 

or slow down the growth of trees. This is perhaps naturally reflected by distorted tree 

growth noted in the area. It should be noted, however, that not all parameters are 

available for Gaunts Landslide and that the derived Fs values are only a general guide. 

No known remedial methods are thought to be applicable to Gaunts Landslide area. The 

instillation of a large drainage system to a depth of 3 metres would have little effect and, 

although upslope drainage would prevent infiltration to a large extent, the diversion of 

watercourses would have to be carefully considered in order, to avoid destabilisation of 

other areas. Cost is also a factor and now that the landslide has progressed to its present 

state it could not be stabilised economically. The slide should therefore be allowed to 

continue until the slope reaches the natural angle at which it becomes stable (est.<7°), 

when it could be re-vegetated. However, even then the area might remain an area of high 

risk, and unfit for building. This should be allowed for in future zone, planning or risk 

guidelines. 

8.2.6 Landslip risk zonation 

Investigation of areas of potential instability and current failure has highlighted some of 

the problems involved in trying to identify the cause of slope instability. Both active and 

unstable regions are present in the study area and possible reasons why instability has 

occurred in some areas and not in others have been suggested. For example, water 

drainage patterns and areas of high slope. Methods of inspection and investigation 

applicable to similar type studies have been assessed and GIS used to determine the 

potential risk of instability at Gaunts Hill. This approach has given satisfactory results but 

further work is needed befo~e  general use by the construction industry. 

Areas with a high potential to become unstable in the Windermere area are generally 

associated with slope > 7°. Such areas, most of which have been active in the past, are 

composed mainly of Tertiary sediments and contain zones of water accumulation. This 

study has also shown that vegetation does not always reduce instability materially; an 

active landslide (Native Landslide) is actually located in a well vegetated area. GIS can 

simulate such environments and provide hypothetical data for risk analysis. It could, for 

example, add layers from areas subject to past instability, paying particular attention to 
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their effects upon residual strengths and so, by extension of its use, manipulate the input 

data and show the effects of change in individual areas. For example, the removal of 

vegetation from a proposed subdivision could be studied to identify possible problem 

areas and to predict the effect of watercourse diversion on adjoining land. There is much 

scope for further work. 

8.3 Recommendations 

)	 Matters which could form the basis for follow-up investigation of the Windermere area 

include: 

o	 The full extent of the basalt capping? - Geophysical methods such as those used in 

this study (magnetic and seismic) could be carried further over the ridge top of 

Gaunts Hill. 

o	 Conditions under which Gaunts Landslide failed initially - This will involve 

determining the date of failure. 

o	 The exact shape of Gaunts Landslide? - Slope failure is rotational in nature. A series 

of drill holes will be required to determine the shape of the failure plane. 

Note: any such investigati,ons will be costly and will be justified only if they are part of 

model studies for the whole of the Launceston Beds. 

8.4 Final conclusions 

This project has provided an insight into areas which have the greatest potential to fail 

according to the guidelines discussed in the text. Improvements have been made the 

geological maps produced by Longman (1964) and Gulline (1973), of geophysical 

surveys, drill core and test pit sampling and field inspections. The revised map is more 

consistent than previous maps in terms of the material identified e.g. distinguishing 

Tertiary basalt from basanitic dolerite and their extent. Findings from Ingles (1991) 

investigation for the subdivision of part of Windermere farm are incorrect and Telfer's 
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(1988) observation that failure does not occurring under natural vegetation should be 

revised. 

A number of interrelated variables have resulted in continued movement of Gaunts 

Landslide, the most important being the infiltration of rain into the soil. Water not only 

lubricates the slide but it also reacts with the Tertiary clays to cause swelling and reduce 

cohesion. The properties of the Tertiary clays make the sediments very prone to failure. 

Measuring movement on Gaunts Landslide using the grid method has been successful. 

Slope failure was successfully modelled using Bishop's method and was supported by 

Cousins method, but not by Galena. The differences are probably due to major 

assumptions made by the computer program, due to the simplistic nature of the input data 

used. 

Identification of the principal destabilising factors in areas of greatest instability in the 

Windermere area has provided guidelines for use in similar geological and geomorphic 

settings. Their use should reduce the risk of failure in future housing development 

projects by identifying potentially unstable ground conditions and pointing to appropriate 

remediation measures. Although the study has been only partially completed due to time 

constraints imposed by cost, time and resource availability, it provides a sound basis for 

planning future investigations of landslide risk in the Windermere and surrounding areas. 

The results displace all previous zonation maps or stability plans. 
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Appendix I: The effect of soil and water on slope stability 

ChapterAl: THE EFFECT OF SOIL AND� 
WATER ON SLOPE STABILITY� 

Al.llntroduction 

Characterisation of potential regions for slope failure is a complicated and often uncertain 

process due to the great variety of slope morphologies, slope geology (Gerrard, 1992), 

and the effect of water on soil moisture and soil properties. Because of the complexity of 

the slope erosion system, large numbers of slope stability studies have been carried out. 

Norton and Smith (1930) were amongst the fIrst to recognise an inverse relationship 

between slope angles and the textural B-horizon; and later identifIed a correlation between 

slope and soil structure, texture and consistency. 

Technological development has since included improved methods of identifying and� 

describing properties, which influence land stability. Three main factors influence slope� 

stability: 1) gravity and therefore the gradient of the slope; 2) troublesome earth materials� 

and the occurrence of triggering events; and 3) water and the hydrologic characteristics of� 

. the slope (Murch et al, 1995). This chapter considers a number of models that have been� 

introduced to make correlations between soil characteristics and slope stability. The� 

effects of water on sediment strength, and of how such changes can be calculated in terms� 

of increasing the likelihood of failure, are also described. 

The term 'soil' in this paper is not restricted to the usual defInition of the surface layer. 

Instead, soil means particulate matter including clay, silt, sand or gravel (essentially 

unconsolidated, or lightly consolidated material, without cement). Terminologies 

associated with soil mechanics referred to in this paper are defIned in table AI.I. 
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Table AI.I: Terminology discussed in text 

Term Definition 
Shear stress ('t) The gravitational force applied to a body of material that causes 

movement parallel to slope. 
Shear strength The maximum resistance of soils to shear stress. 
Angle of Internal The angle between the normal and the contact surfaces of two 
friction (<p) bodies, and the direction of the resultant reaction between them, 

when a force is just tending to cause relative sliding (Walker, 1991). 
Cohesion (c)� The mutual attraction that exists between fme grained particles, 

tending to hold them together as a mass without the application of 
external forces 

Friction The force between particles that supplies strength to the material 
Normally Clay which at no time in its history has been subject to pressure 
consolidated clays greater than its existing overburden pressure. 
Over consolidated Clay which during its history has been subject to pressure greater 
clay than its existing overburden pressure. 

Al.2 Sediment strength 

The nature and extent of forces acting on slopes and the extent of slope stability is 

influenced by such inter-related variables as geology, slope gradient, climate, vegetation, 

hydrological characteristics and time (Murch et aI., 1995). Although slopes often appear 

stable and static, they are in fact, active parts of the dynamic, evolving pattern of 

landscape formation (Keller, 1992). Slope stability is commonly expressed by equations 

involving the critical shear stress required for movement and the angle of response 

(Ulrich, 1987). As illustrated in figure A.1.1 (Lowe, 1966), steep slopes are generally 

more prone to failure than flat slopes due to the topographically induced gravitational 

shear strength. Two opposing forces act on a body at rest on a slope: shear stress and 
) 

shear strength (Murch et aI., 1995). In general, steepening slope gradients reduce the 

shear strength by changes in cohesion, pore pressure and normal stress, thus allowing the 

body to move (Carson and Kirby, 1972). 

Al.2.1 Shear stress 

The stress that controls changes in the volume and the strength of soil is known as the 

effective stress. When a load is applied to a saturated soil it will be carried by the water in 
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the soil voids (causing an increase in pore water pressure) or by the soil skeleton in the 

form of grain to grain contact (Smith, 1971). Thus, stress is a function of particle friction 

and weight (mass x gravity). 

) 
DRIVING FORCES 

EL· ER 

RESISTING FORCES 

r.nWJ'c:.lnNl 1'11;." 'lnll 1':I!IfL.l. 

Figure ALl:� The force acting on a typical sliding mass. For equilibrium to be 
reached force such as Er and El must be equal, P must equal and 
oppose the weight force (W). The tangential component T, of the 
weight force W, must resist the developed shear strength, Sd. Where <\> 
is the angle of internal friction and i is the slope. (Source: Lowe, 1966) 

Al.2.2 Shear strength 
Shear strength is the internal resistance of soils to movement (Murch et aI., 1995). 

Resistance to shear is made up of two parts: particle friction and cohesion. Frictional 

resistance varies with the level of normal stress applied on the shear plane, whereas 

cohesive resistance is assumed to be independent of the applied stress, ie it is a constant 

value (Smith, 1971). The strength envelope of a soil can be expressed by the Mohr

coulomb equation: 

't =C + 0' tan<\> equation 1 

't is the shear stress at failure, 0' is the normal stress on the shear plane, c the cohesion and 

<\> is the angle of internal friction (Bryant, 1993). This equation states that shear stress will 

equal cohesion when no normal stress is acting on the shear plane. If shear strength 
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exceeds shear stress, movement will not occur. If failure has occurred previously, the 

shear strength will be reduced resulting in residual strength, not peak strength. 

Al.2.2.t Cohesive soils 

Cohesive soils exhibit inter-particle attraction and possess inherent strength due to surface 

tension of capillary water. Most cohesive soils contain about 10 % or more of clay 
') 

particles (Hail, 1977). Differences between the properties of cohesive clays and non-

cohesive soils « 10% clay) are outlined in Table A1.2. The level of compaction of 

cohesive soils is important, because slightly compressed soils (normally consolidated) have 

a high water content. 

In contrast, highly compressed clays (over-consolidated clays) have much lower water 

carrying capacities. The compaction process gives stability to materials on slopes (Bryant, 

1993). The friction angle for cohesionless soils increases by 6 to 8 0 from loose to dense 

particle arrangements (Bell, 1992). Differences between clays in these two states are often 
) 

paralleled by being present with non-cohesive soils in their loose and dense states 

respectively (Keller, 1992). The sediment strength of cohesive soils figure Al.3 is much 

less then that of gravel and sand soils, due to Vander Waal-type bonding (Bryant, 1993). 

Therefore the angle at which the sediment are stable is much lower. This angle is known as 

the angle of response (Murch et aI., 1995) 

Al.2.2.2 Frictional Forces 

Frictional forces resist shear stress and contribute to sediment strength, through the 

. )� interaction of individual grains within the sediments (Montgomery, 1997). Frictional 

resistance is a function of density, size and shape of sediment particles, combined with the 

level of particle compaction (Keller, 1992). Since most soils are mixtures of coarse and 

fine-grained particles, soil strength is usually the result of both cohesion and internal 

friction. 
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Table Al.2.1: Selected engineering properties of soils 

Soil Classification Strength Permeability Angle of Cohesion Volume changes Liquid Plasticity Maximu General Use As 
internal 
friction (ell) 

(c) 
(kN/m1

) 

function of 
activity 

limit limit m slope 
angle 

Construction 
Material 

Gravels well-graded gravel very high high 3435 - very small - - 10 - 15 excellent 
poorly graded gravel high very high - - - good 
silty gravel high low - - - good 
clayey gravel high- very low - 35-50 - good 

medium 
Sands well-graded sand very high high 32-42 - small - - 7 excellent 

poorly graded sand high high - - - fair 
silty sand high low - - - fair 
clayey sand high- very low < 75 <35 - good 

medium 
Silts silt medium low 32-36 75 24 - 35 14-25 5 fair 

micaceous silt medium- low poor 
low 

or~anic silt low low fair 
Clay silty clay medium very low 150 -75 < 35 Low good-fair 

high plastic clay low very low 300 - 150 high 70-90 Very high 5 poor 
organic clay low very low 35 - 50 Intermedi poor 

ate 

Source: Keller, 1992; Smith, 1968; Mitchell, 1976; Smith, 1968. 
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A1.2.3 Soil Types� 

In general each soil type exhibits different properties and can be divided into four main� 

groupings according to structure and composition: (1) gravels, (2) silts, (3) sands and (4)� 

clays (see figure Al.2).� 

Coarse grained granular soils and, to some degree sands lack cohesion and rely on densely) 

packed interlocking grains to create frictional resistance at the grain contacts. This results 

in a large <\> value, when compared to clay rich soils, thus giving high strength. The 

presence of water in the voids of granular soil does not usually produce significant 

changes in the value of internal friction. However, if pressures develop in the pore water 

there may be changes in the effective stresses between particles, and shear strength may be 

reduced. If the pore water can readily drain from the soil mass during the application of 

stress, granular material behaves as it does when dry. 

Young (1972) noted that the friction angle for pure clay is as low as 5°, but increases with 

the inclusion of coarser grained particles. Soils composed primarily of gravels may be 

stable at angles as great as 15°, providing the matrix is not made up of clay. Even the 

largest friction angle for clay minerals is much less than those for cohesionless soils, which 

are generally in the range of 10 to 15 degrees (Mitchell, 1976). Consolidated rocks have 

much greater friction angles, e.g. sandstone >21 0. 

However, the mineral and particle size distribution in itself is only part of the equation. As 

shown in figure A 1.2, other essential properties are the liquid limit and the plastic 

(Atterberg) limit. In general, the greater the quantities of clay minerals in soil, the higher 

the plasticity, and the greater the potential for shrinkage and swell. The lower the porosity 

the higher the compressibility, the higher the cohesion and the lower the angle of internal 

friction. These properties are exhibited, primarily, because water is strongly attracted to 

clay mineral surfaces and promotes plasticity: whereas the non-clay minerals have little 

affinity for water and do not develop significant plasticity, even in a fine grained form. It is 

probable, therefore, that most soil water is associated with the clay phase (Smith, 1971). 
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The liquid limit is the moisture content of a soil; above which it behaves as a fluid and 

below which it behaves as a plastic. The Atterberg limit defmes the plastic limit of clay 

below which, at the shrinkage limit it becomes fragmented and crumbly. The characteristic 

positions of organic, inorganic silts and clays, with reference to the level of activity (A 

line) figure A1.2 have been well established (Mitchell, 1976). Activity is a measure of soil 

susceptibility to changes in exchangeable cations and pore fluid composition. 
) 
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Figure Al.2: Atterberg Plasticity Chart (Source: Mitchell, 1976) 
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A1.3: The effect of water on soil strength 

Water is present in most rocks and sediments near the Earth's surface, and strongly 

influences the effective stress states of soils (lverson & Major, 1987). Soil strength is 

generally reduced by water content and can result in slope instability (figure Al.3). 

Marshall et al. (1996) proposed that cohesion is weakened as water content is adsorbed 

into the soil structure. However, increasing the water content changes the load and the 

gravity co~ponent  may be more important. 
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Q,) 40E
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Figure Al.3:� Effects of water content on the cohesive strength of soil (source: 
Marshall et al., 1996). 

The addition of small quantities of water to dry (unsaturated) soils increases adhesion and 
) 

the soils become plastic due to the presence of moisture films between grains 

(Montgomery, 1997). Thus shear strength, due to chemical bonding (Van der Waals 

bonds), is greater than shear stress. In contrast, the saturation of soils decreases shear 

strength due to particles losing contact, because of increases in pore pressure (Keller, 

1992; Terlien, 1997), and hence loss of sediment strength. Slope failure may also occur 

under self-weight, if sediments are saturated. 
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Table A1.3: Descriptions for movement types 

Classification Description 

Fall A is a mass, which is detached from 
descends to a lower surface. The moving 
the air by free falling (Eckel, 1958). 

a 
m

steep slope 
ass travels m

or 
ostly through 

cliff, and 

Topple� The block rotates forward about a pivot point, under the action of 
gravity, without collapsing. Movement is generally rapid. 

Slide� Consists of shear strain and displacement along one or more surfaces. 
Movement results from failure along one or more failure planes. 

Lateral spread� Lateral extension accommodated by shear or tensile fracturing. The 
failure can involve elements of rotation, translation and flow. 
Movement generally starts suddenly and proceeds rapidly Telfel", 
1988). 

Flow� Flow has the appearance of a body, which behaves as a fluid when 
the force caused by water is significantly large; any deformable 
material will flow. Movement is generally rapid, with gravity as the 
primary reason for movement. 

Al.3.2 Adsorption by soils 

A substantial amount of movement is associated with the expansion and contraction of 

soils as the result of adsorption (Young, 1972). Adsorption in this context is the process 

of taking up water at the surface of soil particles, thereby changing their effective volumes. 

Such volume changes are caused by chemical attraction and addition of water layers into 

the chemical structure of sediments (Keller, 1992). This process is particularly common in 

clay rich sediment, where water molecules are inserted between submicroscopic clay plates 

that have high plasticity indices as illustrated in figure A1.5 (Murch et al., 1995). Sediment 

expansion due to water drastically reduces the shear strength of soils, and often 

contributes to slope movement. 
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Figure Al.5: Diagram illustrating the expansive nature of clays (Murch et aI., 

1995). 

:.? 

Thomas, in 1928, demonstrated that the type of clay mineral was also an influencing factor 

(in Marshall et aI., 1996). Montmorillonite is the most expansive clay mineral due to its 

expanding crystal lattice, which adsorbs more water at a given value of e/eo, expanding by 

as much as 15 times its original volume (Keller, 1992). In contrast, kaolinite has relatively 

large crystals and thus a smaller surface area available for adsorption. Illite has similar 

crystal dimensions to montmorillinite, but does not exhibit the expanding lattice, and has 

been categorised between montmorillinite and kaolinite in terms of adsorption potential 

(Marshall et aI, 1996). The bonds between the adjacent silicate layers of illite are affected 

by the potassium ions, thus resulting in greater strength and tighter packing (Smith, 1971). 

These effects of clay properties on adsorption are illustrated in figure A1.6. 

The transition from open to compact arrangements causes a sudden loss in residual shear 

strength: montmorillonite has the lowest value (<PR = 5), illite (<PR = 10) and kaolinite the 

highest value (<PR = 15) (Walker & Fell, 1987). The values for <PR are generally related to 

particle shape and inter-particle bonding hence, the <PR angle decreases with increasing 

liquid limits. However, not all clays have plate like structures, amorphous clay minerals 

have granular structures which lead to much higher residual friction angles; commonly 

greater than 25 0 (Walker & Fell, 1987). 
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Figure A1.6:� Adsorption of water vapour by different clays (Source Marshal et aI., 

1996). 

A1.3.3 Hydro-compaction of soils 

A decrease in the volume of expansive clays (drying out) is referred to as hydro

compaction. This occurs when water is removed from the soil structure, leaving behind a 

porous medium. At low water contents, ionic hydration can be a strong force which tends 

to separate particles (Graham, 1964). Defmite cracks are formed in the soil during the 

contracting phase (Barlow & Newton, 1975). In general, the swelling and shrinkage 

properties of clay minerals follow the same pattern as their plasticity properties. The more 

plastic the mineral the greater the potential for swell and shrinkage. 

The obvious mechanism for this process is the presence of expanding clays under the 

influence of seasonal inequalities in rainfall. Each time expansion takes place, the soil tends 

to be pushed outwards at right angles to the slope, and the soil mass is weakened. On 

shrinkage, the soil settles back into its original state, but tends to be moved down slope by 

gravity. Creep rates are generally proportional to the sine of the angle of the slope 

(Graham, 1964). It has been suggested, however, that expansion and contraction does not 

always occur normal to the slope because up slope movements have been noted in 

practical experiments. Such changes in water content change the load of the soil on a 

slope: saturated soil, by weight alone may cause slope failure due to the increase of shear 

stress. 
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When a layer of soil is loaded, some of the pore water is expelled from its voids, moving 

away from the region of high stress (hydrostatic gradients are created by the load). 

Terzaghi (1943) showed a relationship between the unit load and the void ratio for a 

sediment by plotting the void ratio, e, against the logarithm of the unit load, p (Bell, 

1992). The shape of the resultant curve indicates the stress history of the sediment. The 

curve is linear for normally consolidated clays and curved for over-consolidated clays. 

Over-consolidated clays are considerably less compressible than normally consolidated 

clays. 

Al.~.4 Liquefaction.~ 

,.~t'	 The transformation of sediments from solid to liquid state is called liquefaction (Murch et 

aI., 1995). The point at which transition takes place from a solid to a liquid state is called 

the liquid limit and is dependent on sediment characteristics, as illustrated in figure AI.7. 

Materials with high liquid limits, such as clay, remain plastic over a broad range of water 

content. The strength or shear resistance of the soil at the base of a slide is largely 

determined by the angle of slope down which sliding may occur (Hail, 1977). 

Hutchinson (1968) noted that loss of shear strength due to high water-soil ratios leads 

mass transport, not mass movement because the soil particles are contained within stream 

flow and not in contact with other soil particles. As sediment concentrations increase 

progressively from a viscose to a plastic flow, the liquidity index falls well below the liquid 

limit. 

The process of soil liquefaction results in changes to granular soil assemblages, due to the 

j� disturbance of the internal structure of soil by water. By converting the soil into a flowing 

fluid mass there is no minimum angle for flow (Murch et al., 1995). Liquefaction results in 

sediments flowing rather than sliding along a failure surface (Iverson & Major, 1996). 

Static liquefaction conditions are expressed as: z = cos [(A + <1» + (8 - <1»] = 1. Hydraulic 

gradients greater than 2 are generally required to cause liquefaction, which cannot take 

place if water does not move towards the surface (Iverson & Major, 1986). 
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Figure Al.7:� Consistency state and shrinkage stage of remoulding soil illustrated by 
values appropriate to soil high in clay content. (Source: Marshall et 
al., 1996). 

) 

Al.3.5 Mathematical modelling for slope failure 

Various analytical techniques exist for assessing slope stability. The reliability and quantity 

of the soil data, knowledge of the slope geology and the consequence of failure (Walker & 

Fell, 1987) should always govern selection of particular method for analysis. Analytical 

results are usually presented in the form of safety factors, where the safety factor is the 

relationship between the ratio of shear resistance to shear force (Young, 1972). Examples 

of the most widely used methods for predicting slope failures, and assessing risk are 

outlined in table Al.4. 

Two principal methods are used to measure the shearing resistance of soils: (a) direct 

shear tests and (b) the triaxial test. The triaxial test is the most common means of 

obtaining the shear strength parameters, c' and <1>' (Walker & Fell, 1987). It involves 

subjecting a cylindrical soil sample contained within a rubber membrane to an axial load 

while confined laterally by water or air at a pressure (cr3)' The load is increased until the 

soil fails at an axial stress (cri) (Marshall et al., 1996). Illustrated in figure A1.8, when 

equilibrium is reached a Mohr circle can be drawn through the two points (Habibi, 1983). 
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The envelope of Mohr's circles is the curve, which in soils, is the Coulomb's line, defmed 

by Huorslev's Law for cohesive soils: 't =c' + (O"n - u) tan<\>': in cohesionless soils, this 

curve is rectilinear. 

Table 1.4: Types of stability analysis 

! Types of analysis Formulae and remarks 

Method of slices FELLENIUS METHOD� 
(curved slip surface) Fs =L{c'b seca + tancj> (W cos a· u)} I L W sin a� 

Where W is the mass and a the inclination of the base of any vertical slice, u is 
pore pressure. 
Remark: Assumes soils are saturated, only applies to circular slip surfaces as 
being the only cause of failure, pore pressure is not considered. 
Reference: Yong & Selig, 1982; Walker & Fell, 1987 

Circular slip method� BISHOP'S SIMPLIFIED METHOD� 
Fs =LUc'b + W (l-r) tancj>1 (l/m)}1 LW sina� 

Where u is the pore pressure� 
Remark: Only applies to circular slip surfaces, uses average pore water.� 
Reference: Yong & Selig, 1982; Habib, 1983.� 

Non-circular slip JANBU'S SIMPLIFIED METHOD 
surface Fs =fLU b c' + (W - ub) tancj>] (l/cos anI L W tan a 

Where f is a function of the curvature of the slip surface and the type of soil 
Remark: Only applicable to slip surfaces of arbitrary shape 
Reference: Telfer, 1988 

Homogenous� TAYLOR~S METHOD� 
Fs =L (cl) I L (W sina)� 

Remark: Restricted to clays 
Reference: Telfer, 1988 

Infinite slope analysis� Fs =c' + Z cos 2 
~ (Y-Dl'Y,..) tancj>'1 "fz sin~ cos~ 

Where z is the depth of slide, ~  is the limited inclination, "f unit weight of soil, "fm 
unit weight of water 
Remark: An extremely simple model. The effective cohesion is less than ten it is 
assumed to be zero. Ground water is taken to be parallel to the ground 
Reference: Hail, 1977; Walker & Fell, 1987 
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Figure Al.8:� Method of obtaining the failure envelop from. measurements by 

triaxial compression. (Source: Walker & Fell, 1987) 

Studies by Henkel and Skempton (1955) and Skempton (1964) appeared to demonstrate 

the accuracy of the infInite slope method where a slide is long compared with its depth. 

(Hail, 1976). However, more recent works (eg Hutchinson, 1967 and Hail, 1976) suggest 

that fIeld and laboratory correlations by Skempton were fortuitous, because pore water 

pressure must be measured at the surface using piezometers. With tips carefully located on 

the base of the slide, and not estimated from observations of the level of standing water 

borings. Furthermore, the rings shear apparatus (Bishop et al., 1971) is thought to provide 

lower residual strength measurements than would be obtained from limited displacement 

of direct shear apparatus. The triaxial compression method (Marshall et aI., 1996) is a 

more accurate technique. 

Accurate and reliable predictions of stability cannot always be made on the basis of 

)� limiting equilibrium studies. The concept of limit equilibrium is not fundamental to 

phenomena concerning stability, but is only a device for determining the safety factors for 

a soil or rock mass. The state of critical or limiting equilibrium should not be confused 

with the concept of limiting equilibrium. 

Al.3.S.l Application to shallow and deep landslides 

Reid (1994) found a direct correlation between brief periods of rainfall and shallow 

landslides. Deeper landslides were triggered by prolonged rainfall (> 200mm in 25 days); 

Investigation of land stability at Windermere. Northern Tasmania 
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Appendix I: The effect of soil and water on slope stability 

this was later supported by Terlien (1997). Reid (1994) also noted that large rainstorms 

induced a wide range of slope movements, such as creep and solifuction movements, that 

do not require inclined slopes for movement (Kirkby, 1967; Reid, 1994). According to the 

principal of effective stress, landsliding may occur in response to locally elevated pore 

pressure along the failure surface. Prior to Terlien's investigation, such links between 

rainfall and landsliding were based upon statistical correlations or empirically fitted models 
) 

which were limited by available data. 

In the case of deep landslides on slopes possessing appreciable cohesion there is no single 

angle of stability, but a height angle relation as in the upper curve of figure A1.8. In 

general, for a given geology and climatic conditions, surface landslides occur on gentler 

slopes than deep landslides (Terlien, 1997). Two explanations have been proposed for the 

lower limiting angles for surface landslides: (1) the observed limiting angle for clay

dominated soils; this generally corresponds with stability conditions calculated by using 

the residual shear strength; (2) The relationship of deep slides to peak strength 

(Hutchinson, 1967), unless a deep failure had occurred previously. However, this 

explanation does not apply to soils that are made up of large portions of sand, gravel or 

stones. These soil types exhibit only small differences between peak and residual shearing 

strength. Equation 9 (from the infmite stability model) can be applied to shallow slides, 

provided that the angle of the failure plane is approximately equal to the slope of the 

ground surface. 

During the early to mid 1980's, quantitative analytical processes were introduced to study 

the role of recharging ground water flow on the destabilising of slopes. Leach & Herbert 

(1982), Kenney & Lau (1984), and Reid and others (1985) focused attention on short

term fluctuations in the water table that may cause abrupt failures in static slopes 

(Hanegerg, 1991). Terlien (1997) later followed up such investigations to reach four main 

conclusions. Firstly, positive pressure heads are not capable of triggering landslides, but 

failed slopes are often located in such areas. Secondly, depths of failure depend on the 

geotechnical properties of the silt/sand content of the soil and the slope angle. Thirdly, 

failure will occur only when the soil becomes saturated from the surface to the depth of 
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Appendix 1: The effect of soil and water on slope stability 

the potential slip surface (Terlien, 1996). Fourthly, the depth of saturation is dependent 

upon soil profile, the vertical soil moisture distribution prior to intense rainfall and the 

amount and intensity of rainfall. Terlien also recognised that perched water tables act as 

triggering mechanisms for landslides, where water is in contact with potential failure 
-...... _-~ 

surfaces, thereby reducing frictional strength. 

A1.3.6 Problems associated with water models 

The fIrst simplifying assumption made by Terzaghi in the 1950's is that slope failures are 

initiated, primarily, by water infIltration into hill slopes. However, although such 

infIltrations result in increased pore ytater pressure within the slope material, before pore 

pressure can be increased, capillary pores must be full of water and have sufficient volume 

to counteract soil suction (negative pore pressure). 

The second assumption was that, for any given slope, a critical level of pore water 

pressure (uwc) acting on a slope exists where the potential failure surface develops (Keefer 

et al., 1987). This assumed that the failure surface and piezometric surfaces are parallel to 

the ground surface, which is rarely the case. 

A third assumption that there is no surficial run-off (i.e. that all rain falling onto the slope 

infIltrates), at least initially into a saturated plane above the potential failure plane. 

However, the total rate of drainage is proportional to the thickness of the saturated zone 

(Keller et al, 1987) and care must be exercised, however, when using the infmite slope 

model. The magnitude of $'r is often different in laboratory and field experiments, and 

appears to fall as the normal stresses increase. This occurs because the residual strength 

failure line is in fact a curve, and not straight. This is of fundamental importance on clay 

slopes, where landsliding occurs deep into the slope and the range of normal stress is large 

due to the amount of overlying sediments, so that a unique value of $'r will not apply. In 

this case large rather than minor landslides will move on flatter slopes. 
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Al,4 Conclusion 

The stability of slope surfaces is dependent upon the factors affecting the slip surface. This 

conclusion appears to be dependant upon: strength parameters (c', <1>') of the slope 

material; the height and inclination of the slope, the density of the slope material (which 

determines an) and the distribution of pore water on the slope. 
o 

The models discussed in this literature review are constrained, primarily, by the number 

and variety of assumptions made by various authors to simplify the equations. However, 

while they provide locally practical and reasonably realistic data for calculating angles of 

response for particular soils, on a regional scale such generalisations are not without risk. 

No two-soil types are exactly the same and, the potential for failure must always be 

examined closely on a local scale. 

o� Soil mechanics technology applied to the study of slopes is concerned primarily with 

processes that lead to slope failure by landsliding and with the stability analysis of the 

failure. However, much remains to be discovered before the degree of stability of any 

previously stable slope can be accurately predicted in either its natural state or after 

modification by natural or artificial processes. 

Investigation of land stability at Windermere. Northern Tasmania 19 



APPENDIX 2: CLIMATIC RECORDS� 

BUREAU OF METEOROLOGY, ACACIA� 
HOUSE� 

Rainfall data obtained from Acacia House and Temperature data 
from Tea Tree Bend (Launceston) 



Appendix 2: Climatic records 

Table A2.1: Table illustrating the total monthly precipitation (mm) for the Windennere 
area (top no.) and the number of rain days (bottom no.) 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Noy Dec 
I 1927I 

i 
58.5 

13 
81.4 

17 
132.4 

20 
54.5 

8 
51.4 

10 
22.8 

5 
123.2 

10 

I 
1928 58.8 

8 
93.3 

11 
478 

7 
98.7 

11 
42.6 

8 
67.9 

11 
117.5 

16 
82.9 

16 
116.5 

25 
158.3 

21 
47.3 

15 
14.0 

4 
945.6 

153 

! 1929 
I 

71.9 
14 

41.6 
8 

35.7 
8 

219.9 
15 

60.2 
11 

148.3 
19 

93.7 
15 

109.0 
16 

30.6 
12 

46.9 
11 

75.7 
17 

77.0 
13 

1010.5 
159 

) 1930 I 10.5 
5 

57.1 
6 

23.5 
6 

42.2 72.3 
8 

17.1 
7 

166.4 154.4 
18 

75.6 
16 

88.1 76.7 
16 

134.8 
13 

918.7 i 

1931 14.6 25.0 176.6 66.2 252.6 244.1 132.0 83.7 122.4 26.1 54.1 0.0 1197.4 
12 7 11 7 21 17 14 14 19 9 7 0 138 

1932 29.2 37.2 102.1 97.1 7.6 133.9 61.0 87.7 70.6 90.4 43.2 71.3 831.3 
5 9 11 14 2 16 15 14 8 15 6 6 121 

! 1933 
I 

17.7 
7 

1.6 
2 

55.1 
4 

48.4 
5 

57.7 
5 

36.4 
9 

39.2 
8 

91.2 
10 

116.8 
9 

53.9 
6 

17.8 
3 

42.2 
10 

578.0 
78 

19341 
I 

31.0 
4 

25.4 
2 

21.1 
5 

80.4 
9 

14.4 
2 

16.0 
3 

116.3 
8 

66.4 
11 

103.6 
11 

119.6 
18 

103.2 
9 

73.4 
8 

770.8 
90 

1935 26.8 78.9 34.6 83.7 89.5 80.2 60.0 72.6 43.5 29.0 43.9 24.6 667.3 
: 5 11 5 14 9 9 11 11 11 8 11 10 115 

I 1936 20.8 
4 

12.6 
4 

28.9 
4 

65.0 
8 

50.3 
12 

53.0 
10 

65.7 
14 

251.4 
17 

70.4 
13 

74.6 
11 

29.4 
9 

65.6 
8 

787.7 
114 

I 1937 103.3 28.6 61.9 16.2 84.3 23.9 89.8 62.5 54.2 65.7 25.9 141.2 757.5 
7 4 7 3 11 3 10 11 11 9 4 12 ·92 

1938 75.3 115.9 45.7 66.6 56.2 175.5 22.1 47.9 56.5 47.7 92.2 46.0 847.6 
6 5 3 6 10 12 8 10 9 9 9 6 93 

1939 2.1 101.9 72.1 65.8 79.8 73.7 52.8 240.1 86.7 66.2 83.1 40.0 964.3 
I 
I 3 6 4 9 9 12 9 21 9 5 21 5 113 
I 1940 55.7 15.3 17.8 41.9 36.6 66.4 161.1 12.5 56.5 15.3 47.2 63.0 589.3 
i 6 3 4 7 5 9 14 3 5 5 5 5 71 
! 1941 18.8 11.4 63.5 17.9 26.7 68.4 86.7 24.4 60.2 72.9 42.4 21.1 514.4, 
! 4 2 6 3 5 6 12 5 12 7 5 7 741 
i 1942 37.1 37.2 18.8 27.9 119.8 133.1 196.4 95.8 65.3 60.9 7.6 53.1 853.0 i 

! 4 6 4 3 11 12 16 15 10 6 1 3 91; 

! 1943 33.4 
7 

1948 145.9 126.7 28.6 54.5 32.6 254.0 97.8 53.9 18.3 46.6 60.8 
10 6 10 6 17 13 8 10 9 9 

i 
1947 

I 1948 

40.6 
6 

8.7 

24.3 
3 

36.4 

75.3 
11 

19.3 

36.9 
4 

33.D 

69.4 
9 

86.9 

217.0 
16 

63.5 

201.9 
16 

69.0 

122.1 
16 

61.0 

46.3 
11 

83.7 

155.2 
16 

64.9 

52.3 
5 

67.5 

94.7 
12 

49.2 

1136.0, 
125 

643.1 I 
2 5 5 8 11 9 15 12 11 14 9 10 111 

1949 42.3 69.7 47.0 12.7 89.8 44.6 41.8 43.3 31.3 149.7 97.9 22.3 692.41 
5 7 5 2 8 7 11 12 9 19 16 6 1071 

1950 52.3 45.7 24.9 24.9 59.0 25.4 47.8 60.5 68.3 108.8 44.7 
9 8 6 6 12 6 8 8 10 12 6 

1951 0.0 26.4 16.5 97.3 78.5 27.0 120.7 80.2 45.2 67.1 73.8 39.9 672.6 
I 0 4 2 11 7 21 13 11 10 10 7 

1952 58.1 15.0 4.4 110.5 141.8 141.8 116.8 85.7 161.7 155.0 175.8 20.6 1187.2, 
9 5 2 8 12 16 13 13 18 17 12 4 129 ; 

1953 67.1 2.3 14.8 47.1 109.8 163.4 149.8 96.1 56.9 86.4 51.0 68.8 913.5 ' 

! I 3 2 
- -

4 
- 6 

.  -
10 16 15._ . 

15 
- .  . 

12 
--  13 

-
9 _.. ._, ~ ~ 116 

-

3 8 7 8 7 16 16 14 7 8 8 9 111 
1955 ! 26.8 71.9 12.0 110.3 107.7 94.1 114.1 242.6 83.6 172.0 79.7 81.7 1196.5 

9 7 3 8 11 7 16 23 11 18 10 10 133 
1956 : 65.6 59.4 96.1 200.5 138.5 169.7 101.4 120.6 97.4 80.6 60.2 72.9 1262.9 

9 4 6 10 7 14 13 16 9 14 8 10 I 120 
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Table A2.! continued 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
I 1957 23.2 29.2 68.3 100.1 83.8 81.8 36.4 26.4 69.9 53.5 91.2 57.31 721.1 
I 3 3 3 14 8 11 11 6 14 8 11 8 i 100 
I 1958 6.1 49.3 43.9 31.3 301.5 46.0 93.5 97.7 45.5 147.4 63.3 49.31 974.8 
I 2 4 8 3 24 6 15 11 8 15 6 81 110 
i 1959 30.9 46.2 25.4 65.0 17.5 88.0 53.2 111.1 38.0 56.2 40.4 82.6 ! 654.5 

) 

! 
, 
! 

1960 
5 

33.0 
4 

5 
82.4 

5 

4 
18.8 

8 

8 
164.2 

15 

2 
167.0 

14 

12 
67.7 

11 

14 
147.6 

19 

13 
38.3 

16 

9 
88.0 

11 

9 
70.1 

12 

11 
58.5 

11 

151 
11.3 ! 

4! 

107 
946.9 

130 
1961 3.3 15.8 13.4 125.2 27.9 64.9 82.7 75.1 27.2 66.4 36.6 77.1 615.6 

2 6 5 9 14 9 9 10 6 9 9 10 98 
1962 57.0 45.1 37.5 29.0 149.9 128.3 53.3 118.6 61.1 166.8 43.7 23.2 913.5 

6 6 11 7 15 22 12 13 10 17 10 5 134 
1963 79.0 49.3 55.5 7.1 41.4 30.8 156.2 105.1 130.6 61.1 47.2 34.2 797.5 

10 6 9 3 7 6 10 11 11 9 6 5 93 
1964 12.9 160.0 80.9 28.0 62.1 144.6 175.1 78.3 123.5 65.3 39.7 64.1 1034.5 

3 11 6 6 8 15 17 8 12 10 5 8 109 
1965 6.2 1.5 39.4 87.9.:,. 129.0 46.6 68.3 45.7 88.1 49.5 58.2 58.2 678.3 

3 1 7 9 15 11 7 11 7 8 8 , 
1966 10.7 33.0 42.1 39.7 82.0 34.3 154.8 77.6 121.2 55.4 34.8 61.7 747.3 

, 4 5 11 5 6 7 14 9 10 4 3 5 83 
i 1967 35.1 19.0 6.6 14.9 32.2 27.2 134.7 93.7 30.1 40.6 24.2 54.9 513.2 

4 2 2 5 5 10 17 16 10 5 5 10 91 
1968 12.5 74.9 53.2 110.0 119.1 105.4 97.4 221.4 54.4 100.8 109.4 12.0 1070.5 

3 3 8 19 13 8 12 19 11 12 12 3 123 
I 1969 58.4 127.4 35.3 46.5 150.1 24.1 121.7 86.1 64.3 65.1 56.9 39.7 875.6 

) 
1970 

5 
74.8 

11 
46.2 

8 
55.3 

9 
91.9 

11 
67.5 

9 
96.6 

18 
131.1 

18 
178.1 

10 
66.1 

6 
55.2 

12 
64.3 

7 
121.7 

124 
1048.8 

8 4 8 10 9 11 11 14 5 8 3 7 98 
I 1971 42.7 27.7 26.3 152.4 88.1 116.4 28.5 88.6 103.6 136.1 126.0 107.9 1044.3 
I 2 2 3 9 3 9 4 4 3 
I 1972 25.7 89.9 0.0 27.2 27.7 57.2 99.8 72.6 34.3 26.2 24.1 0.0 484.7 

2 0 1 0 
I 1973 74.2 20.1 8.9 131.1 74.9 216.9 162.6 40.1 117.9 

1974 46.0 30.4 6.6 72.1 97.8 70.0 180.0 69.6 176.0 65.2 89.6 149.2 1052.5 

1975 3.3 44.0 51.1 25.2 95.4 35.0 113.4 234.5 101.4 87.0 106.8 45.8 942.9 

1976 60.6 4.1 0.0 41.7 112.5 0.0 32.9 76.5 70.0 59.7 88.1 114.0 680.1 I 
0 0 

1977 74.2 104.0 9.0 96.3 65.8 72.3 98.6 47.8 29.0 30.0 3.0 

1978 31.3 88.9 36.5 77.5 72.2 72.8 116.3 84.7 88.0 58.2 73.1 54.6 854.1 
I 

I 1979 65.0 27.8 45.1 76.3 88.8 62.4 111.4 44.0 128.6 114.3 
6 

20.6 19.0 803.3 

I 1980 28.6 21.4 42.0 134.2 52.9 66.7 121.2 104.0 86.8 44.8 32.8 39.2 774.6 

I
I 

I 
1981 

1 
24.0 

4 
18.0 

6 
44.6 

3 
33.6 

8 
57.2 

5 3 4 5 3 2 11 45 1 

1 2 2 1 ! I 

I, 

1986 
\ 

1987 64.2 
9 

11.6 
5 

44.2 
7 

88.4 
13 

19.8 
7 

105.8 
13 

101.2 
8 

31.6 
9 

61.0 
10 

137.2 
17 

109.4 
13 

83.4 
11 

39.6 
8 

66.2 
15 

16.4 
6 

120.4 
15 

40.6 
8 

35.4 
8 

83.6 
10 

57.4 ! I 

I 
111 ---l

i , 

: 1988 13.4 0.2 39.4 156.7 112.4 141.5 71.2 89.8 82.2 96.4 79.4 ! 
I I 2 o 8 16 10 18 8: ._ -----..J 
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Table A2.1 continued 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Noy Dec� 

1989 43.2 4.0 45.0 170.6 48.8 80.6 115.0 71.4 79.8 66.8 71.2 45.8� 
7 3 11 13 14 11 6� 

1990 9.2 34.2 25.0 57.0 39.6 118.8 91.3 153.4 38.2 57.0 62.8 38.2� 
3 7 4 8 5 6 8� 

1991 124.0 1.8 48.6 22.4 7.2 146.6 60.0 190.4 64.8 25.6 49.4 36.0� 
8 1 10 2 8� 

1992 23.4 28.6 4.6 153.8 129.0 56.2 142.6 111.0 103.2 82.4 107.0 69.8 1� 
6 5 3 10 7� 

1993 35.6 59.0 24.2 21.2 84.6 45.2 103.6 76.4 71.2 83.8 86.6 135.6� 
8 11 12 6 8� 

1994 57.0 23.6 5.0 36.6 92.0 57.0 59.4 37.2 9.6 52.3 64.0 11.4� 
2 8 15 13 4 9 8 8 11 1� 

1995 83.2 39.4 19.0 60.0 112.4 100.4 60.8 68.2 54.0 40.2 54.0� 
9 7 5 9 13 11 14 16 12 9 7� 

1996 151.4 73.2 56.6 59.4 14.6 90.8 86.8 131.6 112.7 68.2 38.0 17.4� 
8 7 8 11 6 13 16 22 17 14 6 5� 

1997 91.2 25.0 17.8 25.8 167.0 37.6 44.2 56.2 104.6 28.9 42.8 13.0� 
11 4 9 6 12 9 7 13 18 12 8 6 L�L 

I� 

Summary of Total Monthly Precipitation using available data between 1927 and 1997� 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Noy Dec A 

Mean 42.0 45.5 40.5 68.5 85.2 81.6 104.8 96.7 75.5 74.1 60.8 56.2 
Median 34.3 35.3 36.1 59.4 80.9 66.7 103.6 84.7 69.9 65.3 54.4 53.1 
Highest 151.4 160.0 176.6 219.9 301.5 244.1 254.0 251.4 176.0 172.0 175.8 149.2 
Lowest 0.0 1.5 0.0 7.1 7.2 0.0 22.1 12.5 9.6 15.3 7.6 0.0� 
Number 60 62 62 63 62 63 63 63 63 62 61 61� 

Summary of Rain Days using available data between 1927 and 1997� 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec A� 

Mean 5.6 5.2 5.7 8.0 9.2 10.3 13.0 12.9 10.9 10.7 8.2 7.2� 
Median 5.0 5.0 5.5 8.0 9.0 10.0 14.0 13.0 10.5 10.0 8.0 7.5� 
Highest 14 11 11 19 24 22 21 23 25 21 21 15� 
Lowest 0 1 0 2 1 0 3 3 5 3 1 0� 
Number 52 52 54 52 49 52 49 49 48 51 53 52� 
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Table A2.3: Maximum and minimum temperature range for the Launceston area, including long term averages 

Maximum Temperature from 9am (OC) 
Minimum Temperature to 9am (OC) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 Avg Max Mln Total Nbr 
----=------=-~--_._. _. .-.- ._-_.- ------ -_.._-- - .. , 

Jan 1998' 27,0 27.3 24.4 23.8 24.8 25.6 26.6 27.4 26.4 31.5 29.8 30.2 30.4 25.4 25.4 24.6 31.3 30.7 22.4 25.2 25.8 27.8 24.0 23.7 21.6 22.9 27.4 17.9 19.3 22.4 21.2, - 25.~ 31.51' 17.91 ; 31; 

15.6 16.3 9.9 8.0 11.6 10.2 10.7 15.0 11.7 15.6 16.0 18.0 19.2 20.3 14.5 13.8 10.6 15.2 14.3 15.3 16.0 13.5 14.7 10.7 13.8 12.4 10.5 14.9 7.4 17.2 ~.~ .~:1.:_l-_~~3+__....!.41------- 31 
Feb 1998 26.2 29.2 23.6 23.4 28.4 27.4 28.2 21.0 26.6 22.7 25.5 22.0 21.0 23.8 21.5 19.1 20.4 22.6 20.9 19.6 19.8 18.6 21.7 24.0 28.2 31.0 19.2 22.5 23,5, 31.0: 18.6; ,28 

9.4 13.7 9.5 9.9 12.112.2 15.115.8 9.0 14.3 13.5 17.0 11.3 13.0 13.5 11.2 6.0 12.4 13.3 10.8 7.111.0 7.5 9.712.712.113.1 4.4 
11.S! '~:h~---' 28 

Mar 1998 25.5 25.3 27.7 23.2 18.1 21.4 20.8 27.0 28.8 26.2 27.7 32.3 23.2 20.3 16.7 20.5 21.3 24.6 22.4 21.6 23.4 26.7 17.9 18.6 23.2 23.1 19.9 19.5 21.0 20.1 16. 22.7 32a_~.51 ,31 
8.0 11.2 12.2 15.6 8.3 11.7 9.2 6.3 6.4 8.2 8.7 8.9 13.7 13.0 4.4 5.2 7.7 8.0 9.3 10.6 8.9 13.8 16.4 4.7 7.5 7.5 9.5 11.5 8.4 9.5 11. 

r-A"Pr 199-8t-!----::18-.4-2::-"1-.2,---------:2"'2----::.0-2-,-1."""C1- 21.,.-.9-=--2c-1-,-.6,..---,1-=-9."'6"----::21.,.-.2=--1----::8----::.7=--=2----::1--=.2-1-=-7.-=-0-----.,-15=-.0-=--1-5-,-.6-1----::8-.3-1'""9.-2-16=-.9-=--1-:9-.5,..---,1-=-9-.2-----.,-15::---::.2 --1-:6-.2-1----::8--=.0--,1=-8.-4-15-.3-1----::5----::.6-1----::5"'.9----:-16=-.-=-7-16-.0-1--=5-.3------:1-6.-6-14.,.-.----::1--j 1::0 "~:~I -1~."t----· ."~ :;,'1 .i I 
I 6.5 5.0 10.0 3.9 9.5 5.4 7.0 9.2 2.0 3.4 6.0 9.7 11.7 5.7 5.9 2.9 6.4 4.5 6.1 9.1 10.6 7.3 2.8 5.9 9.0 12.1 6.6 6.8 9.0 10.7 7.(j. 12.1j 2.~ : J(J 

, May 1998, 14.4 18.1 17.3 17.2 15.6 16.5 13.0 12.3 16.0 14.8 14.4 17.0 13.2 18.1 18.4 19.0 15.6 17.0 16.6 15.7 18.9 14.9 13.5 15.8 15.8 14.1 14.9 14.7 14.5 16.4 12.6 15.7r--w-:oi 12.31 ;-3i~ 
, 1.0 1.5 2.4 4.4 7.5 2.5 3.2 -0.5 1.9 -0.8 0.4 1.8 4.2 5.5 6.7 9.7 6.9 7.8 9.5 11.0 7.5 1.6 2.7 7.2 5.6 1.0 2.3 10.4 12.4 9.0 -D. -.--. ...-"-~--=--=- ~f:::2.~+_, -~--.- L. __3.'~ 

Jun 1998 15.0 11.4 9.8 15.2 17.2 14.3 12.1 12.8 13.1 10.5 13.0 11.5 14.1 13.1 11.5 11.8 11.7 15.5 13.5 13.7 13.4 10.2 10.0 10.8 12.4 11.0 11.9 11.2 15.5 11.7 J 12.6 17.21 9.8, '30 
(} , ' 

0.2 -1.0 0.2 2.3 8.6 11.6 8.8 5.6 -0.2 0.9 4.9 8.0 5.0 4.3 5.4 1.4 -1.5 -0.6 0.4 1.5 3.8 3.0 3.6 5.6 7.5 -1.5 -0.6 3.4 3.9 1.0 3: }.,!~. ;;!-__ .~.'.:.5~_._.. 30 
Jul 1998 11.8 14.3"1-4-:0-13:0' 14.0 15.5 13.0 12.3 1ci.4' '10.3'-,2.'6-'13.6 12.0 -=-11.,.-.1:--:1--:-4.-=7-12.2 14.0 11.-=-8------=-10=-.2=-----=9.4 12.9 13.0 13.9 12.3 12.3 15.2 13.2 11.0 13.6 14.0 16.01 12.8j 16.01 9.4: 31 

-1.4 -1.7 -0.7 0.0 1.5 3.5 4.0 9.0 5.5 0.0 -3.0 -2.2 1.0 2.4 1.1 -3.0 -1.6 0.0 0.0 -0.3 -0.2 1.1 -2.0 -0.9 -1.0 4.2 5.9 8.5 4.4 -1.2 4.(1, 1.2. 9.d -3.0 31 

Aug 1998, 12X-13.9-13:7-14-.0-1-5-.4-1-3-.515.0-15-.2-·-i3T14-:3'1-1-:-8-1-1:8 13.8 11.0 1'-::2----::.7=--1-=-3--=.7----:'15=-.=-3-1----::6-,-.0=--10=-5.8 14.8 15.0 12.8 13.7 15.8 17.6 17.4 15.6 17.5 16:0-13-.7, -14.417.~11.0t-·· 30 

-1.0 1.0 6.2 9.8 4.0 2.1 3.6 1.6 2.0 4.8 2.8 0.4 -1.4 1.5 ·1.0 -0.8 0.8 1.6 -0.6 3.8 8,0 3.0 -1.0 2.5 1.2 0.5 3.5 8.4 3.0 8. 2. 9.aI -f.40 30
r---+---+---+----------j

15.8 19.8 16.8 16.3 15.0 16.1 15.8 17.5 15.4 16.4 20.2 18.3 18.1 13.9 9.9 13.4 14.8 17.6 15.2 16.6 17.4 18.8 16.3 20.2 9.9J .1 221 
6.8 5.5 8.7 10.1 4.2 4.4 6.5 1.5 1.0 4.5 3.0 8.1 10.6 7.0 3.6 0.4 6,4 10.2 7.6 2.4 1.5 7.3: 13.7 l. _5. 13. 0.4J. l 23,------------------ ..._---_._------------_._.._---
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Appendix 2: Climatic records 

Table A2.2: Daily amount of precipitation in the Windermere area during 1998 

Precipitation to 9am (mm) 
Period over which Precipitation has accumulated (days) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
._ .. ~- ... -._. -_._ ..---_ ... ----.- .. -.-..-- •..._. -.- ...----------.--.------.--.-----------.---.--.. -- .• 

J.n 1998 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 17.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.4 0.0 

1 1 
Feb 1998 0.0 0.0 0.0 0.0 0.0 0.0 31.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 21.4 0.8 0.0 0.0 1.4 0.0 0.4 0.0 0.0 

1 1 1 1 1 
".r1998 0.0 0.0 0.0 0.0 0.0 1.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 10.4 

: 1 1--_._-+-, .1998 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.2 0.0 0.0 0.0 0.0 36.0 0.0 0.0 0.0 0.0 0.0 0.0 5.8 11.8 2.8 0.0 0.0 , 
~-_._-~ 1 1 1 1 1 1 
:".y 1998 7.4 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 9.2 0.0 14.2 

! 
1 1 1 1 2 1 

Jun 1998 0.0 0.0 0.0 0.0 0.4 6.4 21.4 0.0 0.0 0.0 0.0 2.4 12.4 4.6 6.4 1.0 0.0 0.0 0.2 0.0 6.2 8.8 0.0 5.2 

1 1 1 1 1 1 1 1 1 1 1 1 
Jul1998 0.0 0.0 0.0 0.0 2.4 23.6 0.0 1.6 5.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.2 0.4 0.0 9.8 0.3 0.0 

1 1 1 1 1 1 2 1 
Aug 1998 0.0 0.0 11.6 2.2 5.8 0.0 0.0 0.0 0.0 7.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 12.4 0.4 0.4 

1 1 1 2 1 1 1- ---- ._._._~-- --._--.. ---_._---_. 

25 
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1 
0.0 

0.0 

0.0 

5.8 

1 
1.8 

1 
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1 
0.0 

26 27 28 29 30 31 
.-,,---•.------. 'I 

3.8 0.0 19.2 7.8 1.0 0.0 

1 1 1 1 
0.0 0.0 0.0 

0.0 0.0 0.0 0.0 0.0 

'133.0 0.0 0.0 2.4 

1 2 
0.0 0.0 0.0 2.4 2.4 0.2 

1 1 1 
0.0 2.7 0.0 10.0 0.0 

1 1 
0.0 11.2 14.6 20.6 0.0 0.0, 
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0.0 0.0 0.0 0.0 0.0 0.& 

. __ .1j 
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1 
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1.1 1 
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I 
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3.0 21.4 
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1.0 1 15i......~ 
3.1 23.6 0.0 92.11 30: 

2 
I 

1.1 1 13 12 r-
I 1.4[ 12.4 0.0 41.2' 30 

! ': 1 . .2. 1 ____ ~ __ . 8 

Geological investigation and slope risk assessment at Windermere, northern Tasmania 



-) 

APPENDIX 3: GRID METHOD RESULTS 

Dates of measuring:� 
1) 23rd April 1998� 
2) 8th June 1998� 
3) 11 th July 1998� 
4) 29th August 1998� 

The method by which this data was derived is outlined in section 
6.3 



Appendix 3: Recording 1: 23rd April 1998 

peg east north Z first_x firsCY firsCz second second seconc calc dis meas dist 
11 11&22 0 0 100 22.653 19.815 92.04 31.131 31.79 0.658935/ 
21 21.81 95.65 11&21 0 0 100 o 21.811 95.65 22.24 22.24 0.0002911 
31 31.44 90.17 11&12 0 0 100 22.198 o 96.31 22.504 22.62 0.116431! 
41 51.08 85.42 21&12 o 21.81 95.7 22.198 o 96.31 31.127 31.67 0.5427391 
22 22.653 19.82 92.04 21&22 o 21.81 95.7 22.653 19.815 92.04 23.025 22.5 0.525231! 
12 22.198 96.31 21&32 o 21.81 95.7 23 30.443 93.07 24.702 
32 23 30.44 93.07 21&31 o 21.81 95.7 o 31.442 90.17 11.083 11.08 0.003362! 
42 21.319_ 85.38 31&22 o 31.44 90.2 22.653 19.815 92.04 25.531 
13 44.646 100.2 31&33 o 31.44 90.2 47.93 31.487 91.72 47.955 
23 48 16.42 92.28 31&42 o 31.44 90.2 21.319 48.881 85.38 27.957 
33 47.93 31.49 91.72 31&41 o 31.44 90.2 o 51.079 85.42 20.203 20.2 0.003383: 

') 43 47.287 56.43 85.58 41&42 o 51.08 85.4 21.319 48.881 85.38 21.432 21.43 0.002369! 
14 67.075 96.11 41&32 o 51.08 85.4 23 30.443 93.07 31.834 
24 70.97 17.58 92.53 12&13 22.2 o 96.3 44.646 o 100.2 22.775 23.23 0.454825· 
34 73.963 31.09 92.59 12&23 22.2 o 96.3 48 16.42 92.28 30.847 31.02 0.172586 
44 64.796 50.65 86.74 12&22 22.2 o 96.3 22.653 19.815 92.04 20.274 20.29 0.0157991 
15 91.077 99.42 22&23 22.65 19.82 92 48 16.42 92.28 25.575 25.58 0.005151· 
25 92.314 17.75 97.2 22&13 22.65 19.82 92 44.646 o 100.2 30.695 31.14 0.444829· 
35 94.285 26.94 88.11 22&32 22.65 19.82 92 23 30.443 93.07 10.683 11.2 0.517049: 
45 90.887 51.3 84.91 32&33 .. 23 30.44 93.1 47.93 31.487 91.72 24.988 24.13 0.857882· 
16 114.91 93.18 32&42 23 30.44 93.1 21.319 48.881 85.38 20.05 20.06 0.O10262! 
26 113.29 14.86 91.32 13&14 44.65 0 100 67.075 o 96.11 22.792 23.23 0.438447! 
36 107.74 26.72 92.26 13&23 44.65 0 100 48 16.42 92.28 18.518 19.45 0.932494 
46 113.13 45.18 90.41 13&24 44.65 0 100 70.97 17.578 92.53 32.56 33.09 0.530280: 
17 135.65 102 23&24 48 16.42 92.3 70.97 17.578 92.53 23.001 23.02 0.019223· 
27 135.25 15.42 92.44 23&33 48 16.42 92.3 47.93 31.487 91.72 15.077 15.08 0.002532, 

37 130.76 28.77 92.41 23&34 48 16.42 92.3 73.963 31.087 92.59 29.821 29.55 0.270873 
47 129.05 38.63 89.54 33&34 47.93 31.49 91.7 73.963 31.087 92.59 26.051 26.76 0.709255· 
18 155.7 106.2 33&43 47.93 31.49 91.7 47.287 56.432 85.58 25.699 25.7 0.001405: 
28 154 18.23 94.35 33&44 47.93 31.49 91.7 64.796 50.648 86.74 26.007 26.01 0.002857' 
38 156.22 32.86 86.75 14&15 67.08 o 96.1 91.077 o 99.42 24.229 24.22 0.008515 
48 144.87 41.88 86.67 14&25 67.08 o 96.1 92.314 17.747 97.2 30.873 31.14 0.267066 
19 172.83 97.86 14&24 67.08 o 96.1 70.97 17.578 92.53 18.357 18.04 0.317045 
29 173.34 16.35 90.79 24&25 70.97 17.58 92.5 92.314 17.747 97.2 21.85 21.84 0.009743 
39 168.93 26.32 90.28 24&34 70.97 17.58 92.5 73.963 31.087 92.59 13.837 
49 173.4 40.6 85.91 24&15 70.97 17.58 92.5 91.077 o 99.42 27.582 28.23 0.648167 

34&35 73.96 31.09 92.6 94.285 26.944 88.11 21.22 21.57 0.349760 
34&25 73.96 31.09 92.6 92.314 17.747 97.2 23.151 22.54 0.610581 
15&16 91.08 o 99.4 114.91 o 93.18 24.639 24.64 0.001004 
15&26 91.08 o 99.4 113.29 14.86 91.32 27.929 27.87 0.059152 
15&25 91.08 o 99.4 92.314 17.747 97.2 17.928 18.01 0.081826 
25&16 92.31 17.75 97.2 114.91 o 93.18 29.013 29.52 0.50q886 
25&26 92.31 17.75 97.2 113.29 14.86 91.32 21.977 21.69 0.287414 

) 
25&35 92.31 17.75 97.2 94.285 26.944 88.11 13.082 13.09 0.007530 
25&36 92.31 17.75 97.2 107.74 26.725 92.26 18.522 18.52 0.00238 
35&26 94.28 26.94 88.1 113.29 14.86 91.32 22.751 22.49 0.260715 
35&36 94.28 26.94 88.1 107.74 26.725 92.26 14.086 16.68 2.593869 
35&46 94.28 26.94 88.1 113.13 45.176 90.41 26.323 26.01 0.312621 
35&45 94.28 26.94 88.1 90.887 51.302 84.91 24.801 24.8 0.000665 
45&35 90.89 51.3 84.9 94.285 26.944 88.11 24.801 24.8 0.00066!: 

45&36 90.89 51.3 84.9 107.74 26.725 92.26 30.695 29.94 0.754704 
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Appendix 3: Recording I: 23rd April 1998 

45&46 90.89 51.3 84.9 113.13 45.176 90.41 23.718 23.72 0.001642, 
16&17 114.9 o 93.2 135.65 0 102 22.516 22.53 0.013921: 
16&26 114.9 o 93.2 113.29 14.86 91.32 15.064 14.91 0.15397. 
26&17 113.3 14.86 91.3 135.65 0 102 28.877 28.87 0.006683: 
26&27 113.3 14.86 91.3 135.25 15.418 92.44 21.998 22.92 0.922416' 
26&36 113.3 14.86 91.3 107.74 26.725 92.26 13.132 13.14 0.008035' 
26&37 113.3 14.86 91.3 130.76 28.775 92.41 22.362 22.21 0.152316: 
36&26 107.7 26.72 92.3 113.29 14.86 91.32 13.132 13.14 0.008035: 
36&37 107.7 26.72 92.3 130.76 28.775 92.41 23.112 23.28 0.168264' 
36&46 107.7 26.72 92.3 113.13 45.176 90.41 19.31 20.05 0.7397; 
36&47 107.7 26.72 92.3 129.05 38.628 89.54 24.56 24.6 0.04038 
46&37 113.1 45.18 90.4 130.76 28.775 92.41 24.164 24.59 0.426247: 
46&47 113.1 45.18 90.4 129.05 38.628 89.54 17.238 17.98 0.742066 
17&18 135.6 0 102 155.7 o 106.2 20.501 20.49 0.011087 
17&28 135.6 0 102 154 18.229 94.35 26.964 26.99 0.0261 
17&27 135.6 0 102 135.25 15.418 92.44 18.125 17.67 0.455056 
27&18 135.3 15.42 92.4 155.7 o 106.2 29.091 29.07 0.021229 
27&28 135.3 15.42 92.4 154 18.229 94.35 19.056 19.24 0.184409 
27&37 135.3 15.42 92.4 130.76 28.775 92.41 14.092 14.04 0.051517· 
37&38 130.8 28.77 92.4 154 18.229 94.35 25.595 25.1 0.494699· 
37&47 130.8 28.77 92.4 129.05 38.628 89.54 10.403 
47&48 129.1 38.63 89.5 144.87 41.876 86.67 16.399 16.83 0.430615 
18&19 155.7 0 106 172.83 o 97.86 19.074 19.06 0.013500. 
18&28 155.7 0 106 154 18.229 94.35 21.832 21.52 0.31211 
18&29 155.7 0 106 173.34 16.354 90.79 28.595 28.8 0.205145 
28&29 154 18.23 94.4 173.34 16.354 90.79 19.748 19.73 0.017515 
28&19 154 18.23 94.4 172.83 o 97.86 26.437 26.44 0.002800 
28&39 154 18.23 94.4 168.93 ,26.316 90.28 17.454 17.01 0.444430 
39&38 168.9 26.32 90.3 156.22 32.862 86.75 14.719 15.33 0.610652 
19&29 172.8 o 97.9 173.34 16.354 90.79 17.826 17.8 0.026182 
29&39 173.3 16.35 90.8 168.93 26.316 90.28 10.906 10 0.905866 
39&49 168.9 26.32 90.3 173.4 40.603 85.91 15.597 16.52 0.923096 
38&49 156.2 32.86 86.7 173.4 40.603 85.91 18.854 18.83 0.02414 
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Appendix 3: Recording 2: 8th June 1998 

peg east north z first x first y first z second x second y second z calc dist meas dist 
11 0 0 100 11&22 0 0 100 22.653 19.82 92.04 31.13442 31.5 0.365: 
21 0 21.8 95.65 11&21 0 0 100 0 21.8 95.65 22.22977 22.28 0.050~  

31 o 31.44 90.17 11&12 0 0 100 22.198 0 96.31 22.50261 22.6 0.097: 
41 o 51.08 85.42 21&12 0 21.8 95.65 22.198 0 96.31 31.11956 31.5 0.380' 
22 22.65 19.82 92.04 21&22 0 21.8 95.65 22.653 19.82 92.04 23.02414 22.9 0.124' 
12 22.2 0 96.31 21&32 0 21.8 95.65 21.9 30.44 93.07 23.68367 
32 21.9 30.44 93.07 21&31 0 21.8 95.65 0 31.44 90.17 11.08873 11.1 0.01' 
42 21.32 48.98 85.38 31&22 0 31.44 90.17 22.653 19.82 92.04 25.52802 

13 44.65 0 102.2 31&33 0 31.44 90.17 47.93 32.49 91.72 47.96655 

23 48 17.42 92.28 31&42 0 31.44 90.17 21.319 48.98 85.38 28.01955 

33 47.93 32.49 91.72 31&41 0 31.44 90.17 0 51.08 85.42 20.20624 20.15 0.056~  

--\ 43 46.5 57.43 85.58 41&42 0 51.08 85.42 21.319 48.98 85.38 21.42222 21.4 0.022~  

14 67.08 0 96.11 41&32 0 51.08 85.42 21.9 30.44 93.07 31.05064 

24 71.97 17.98 92.53 12&13 22.2 0 96.31 44.646 0 102.2 23.20786 23.25 0.042' 

34 72.5 32.09 92.59 12&23 22.2 0 96.31 48 17.42 92.28 31.39173 32.04 0.648~  

44 65.2 52.65 86.74 12&22 22.2 0 96.31 22.653 19.82 92.04 20.27985 20.3 0.020' 

15 91.2 0 99.42 22&23 22.65 19.82 92.04 48 17.42 92.28 25.4615 25.5 0.038· 

25 93.31 17.75 97.2 22&13 22.65 19.82 92.04 44.646 0 102.2 31.30096 31.15 0.150! 

35 92.29 28 88.11 22&32 22.65 19.82 92.04 21.9 30.44 93.07 10.69637 11.07 0.37: 

45 92 52.32 84.91 32&33 21.9 30.44 93.07 47.93 32.49 91.72 26.14548 25.9 0.245' 

16 115.9 0 93.18 32&42 21.9 30.44 93.07 21.319 48.98 85.38 20.07997 20.13 0.0501 

26 114.9 14.86 91.32 13&14 44.65 0 102.2 67.075 0 96.11 23.24109 23.25 0.008! 

36 110 27.12 92.26 13&23 44.65 0 102.2 48 17.42 92.28 20.32516 19.95 0.375' 

46 112.8 46.18 90.41 13&24 44.65 0 102.2 71.97 17.98 92.53 34.10851 33.85 0.258: 

17 137 0 102 23&24 48 17.42 92.28 71.97 17.98 92.53 23.97784 23.85 0.1271 

27 137.9 15.42 92.44 23&33 48 17.42 92.28 47.93 32.49 91.72 15.08056 15.12 0.039' 

37 136.8 29.77 92.41 23&34 48 17.42 92.28 72.5 32.09 92.59 28.55792 28.79 0.2321 

47 132.1 39.63 89.54 33&34 47.93 32.49 91.72 72.5 32.09 92.59 24.58865 24.52 0.068\ 

18 157.7 0 106.2 33&43 47.93 32.49 91.72 46.5 57.43 85.58 25.72447 25.68 0.04

28 156.3 18.23 94.35 33&44 47.93 32.49 91.72 65.2 52.65 86.74 27.00887 26.92 0.0881 

38 157.2 32.86 86.75 14&15 67.08 0 96.11 91.2 0 99.42 24.35101 24.42 0.068! 

48 147.9 41.88 86.67 14&25 67.08 '0 96.11 93.314 17.75 97.2 31.69757 31.55 0.147! 

19 175 0 97.86 14&24 67.08 0 96.11 71.97 17.98 92.53 18.97519 18.72 0.255 

29 175.3 16.35 90.79 24&25 71.97 17.98 92.53 93.314 17.75 97.2 21.85013 21.9 0.041 

39 170.9 26.32 90.28 24&34 71.97 17.98 92.53 72.5 32.09 92.59 14.12008 

49 175.4 40.6 85.91 24&15 71.97 17.98 92.53 91.2 0 99.42 27.21296 27.15 0.062! 

34&35 72.5 32.09 92.59 92.285 28 88.11 20.69407 20.93 0.235! 

34&25 72.5 32.09 92.59 93.314 17.75 97.2 25.69261 25.58 0.1121 

15&16 91.2 0 99.42 115.91 0 93.18 25.48572 25.4 0.085' 

15&26 91.2 0 99.42 114.9 14.86 91.32 29.12249 29.02 0.10: 

15&25 91.2 0 99.42 93.314 17.75 97.2 18.01277 17.9 0.112' 

25&16 93.31 17.75 97.2 115.91 0 93.18 29.01383 29.18 0.t66 

25&26 93.31 17.75 97.2 114.9 14.86 91.32 22.55841 22.6 0.041 

25&35 93.31 17.75 97.2 92.285 28 88.11 13.73861 13.46 0.278' 

25&36 93.31 17.75 97.2 110 27.12 92.26 19.76419 20.14 0.375 

35&26 92.29 28 88.11 114.9 14.86 91.32 26.35151 26.26 0.091 

35&36 92.29 28 88.11 110 27.12 92.26 18.21588 18.17 0.045 

35&46 92.29 28 88.11 112.83 46.18 90.41 27.52997 27.22 0.309 

35&45 92.29 28 88.11 92 52.32 84.91 24.53128 25.01 0.478 

45&36 92 52.32 84.91 110 27.12 92.26 31.82864 31.64 0.188 

45&46 92 52.32 84.91 112.83 46.18 90.41 22.40175 22.52 0.118 
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Appendix 3: Recording 2: 8th June 1998 

16&17 115.9 0 93.18 137 0 102 22.86002 22.95 0.089! 
16&26 115.9 0 93.18 114.9 14.86 91.32 15.00997 14.91 0.099! 
26&17 114.9 14.86 91.32 137 0 102 28.69307 28.89 0.196! 
26&27 114.9 14.86 91.32 137.85 15.418 92.44 22.98409 23.7 0.715! 
26&37 114.9 14.86 91.32 136.76 29.n 92.41 26.48312 26 0.483

36&26 110 27.12 92.26 114.9 14.86 91.32 13.23636 
36&37 110 27.12 92.26 136.76 29.n 92.41 26.89131 26.42 0.471 : 
36&46 110 27.12 92.26 112.83 46.18 90.41 19.35756 19.9 0.542' 
36&47 110 27.12 92.26 132.05 39.63 89.54 25.49708 25.24 0.257( 
46&37 112.8 46.18 90.41 136.76 29.n 92.41 29.08493 28.64 0.444! 
46&47 112.8 46.18 90.41 132.05 39.63 89.54 20.32407 20.96 0.635! 
17&18 137 0 102 157.7 0 106.2 21.12179 21.2 0.078: 
17&28 137 0 102 156.27 18.23 94.35 27.60n6 27.31 0.29: 
17&27 137 0 102 137.85 15.418 92.44 18.16125 18.75 0.588: 

27&18 137.9 15.418 92.44 157.7 0 106.2 28.6544 28.9 0.245! 

27&28 137.9 15.418 92.44 156.27 18.23 94.35 18.73104 19.35 0.618! 

27&37 137.9 15.418 92.44 136.76 29.n 92.41 14.39336 

37&38 136.8 29.n 92.41 157.22 32.86 86.75 21.45216 21.14 0.312" 

37&47 136.8 29.n 92.41 132.05 39.63 89.54 11.29781 

47&48 132.1 39.63 89.54 147.9 41.88 86.67 16.26413 16.35 0.0851 
, 18&19 157.7 0 106.2 175 0 97.86 19.20535 19.65 0.444£ 

18&28 157.7 0 106.2 156.27 18.23 94.35 21.78991 21.55 0.239! 

18&29 157.7 0 106.2 175.34 16.35 90.79 28.56502 28.82 0.254! 

28&29 156.3 18.23 94.35 175.34 16.35 90.79 19.49033 19.6 0.109£ 

28&19 156.3 18.23 94.35 175 0 97.86 26.37169 26.47 0.098: 

28&39 156.3 18.23 94.35 170.9 26.32 90.28 17.2061 17.05 0.156' 

39&38 170.9 26.32 90.28 157.22 32.86 86.75 15.56839 15.52 0.048: 

19&29 175 0 97.86 175.34 16.35 90.79 17.81637 17.82 0.003£ 

29&39 175.3 16.35 90.79 170.9 26.32 90.28 10.92587 10.73 0.1951 

39&49 170.9 26.32 90.28 175.4 40.6 85.91 15.59696 16.2 0.603( 

38&49 157.2 32.86 86.75 175.4 40.6 85.91 19.n69 19.9 0.123' 
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Appendix 3: Recording 3: 11th July 1998 

peg east north z first x first y first z second x second y second z calc dist meas dist 
11 0 0 100 11&22 0 0 100 22.65 19.82 92.04 31.132 31.15 0.017 
21 0 21.8 95.65 11&21 0 0 100 0 21.8 95.65 22.23 22.25 0.02C 
31 o 31.44 90.17 11&12 0 0 100 22.198 0 96.31 22.503 22.55 0.047 
41 o 51.08 85.42 21&12 0 21.8 95.65 22.198 0 96.31 31.12 31.65 0.53C 
22 22.65 19.82 92.04 21&22 0 21.8 95.65 22.65 19.82 92.04 23.021 22.5 0.521 
12 22.2 o 96.31 21&32 0 21.8 95.65 23 30.44 93.07 24.704 
32 23 30.44 93.07 21&31 0 21.8 95.65 0 31.44 90.17 11.089 11.15 O.OE 
42 21.4 49.3 85.38 31&22 0 31.44 90.17 22.65 19.82 92.04 25.525 
13 44.65 0 100.2 31&33 0 31.44 90.17 47.8 33.9 91.7 47.888 
23 48.05 17.42 92.28 31&42 0 31.44 90.17 21.4 49.3 85.38 28.282 
33 47.8 33.9 91.7 31&41 0 31.44 90.17 0 51.08 85.42 20.206 20.2 O.OOE 
43 46.2 58.78 85.58 41&42 0 51.08 85.42 21.4 49.3 85.38 21.474 21.4 0.07~  

14 67.08 o 96.11 41&32 0 51.08 85.42 23 30.44 93.07 31.836 
24 72.3 17.98 92.53 12&13 22.2 o 96.31 44.646 0 100.2 22.783 23.2 0.417 
34 72.2 32.53 92.59 12&23 22.2 o 96.31 48.05 17.42 92.28 31.433 31.4 0.03~  

44 65.54 53 86.74 12&22 22.2 o 96.31 22.65 19.82 92.04 20.28 20.28 O.OOC 
15 91.3 o 99.42 22&23 22.65 19.82 92.04 48.05 17.42 92.28 25.514 25.64 0.12: 
25 93.31 17.9 97.2 22&13 22.65 19.82 92.04 44.646 0 100.2 30.712 31.12 0.407 
35 92 29.1 88.11 22&32 22.65 19.82 92.04 23 30.44 93.07 10.676 11.32 0.6M 
45 92.05 53.17 84.91 32&33 23 30.44 93.07 47.8 33.9 91.7 25.078 25.657 o.sn 
16 117 o 93.81 32&42 23 30.44 93.07 21.4 49.3 85.38 20.43 20.1 0.33C 
26 114.9 14.9 91.32 13&14 44.65 o 100.2 67.08 0 96.11 22.804 23.3 0.49E 
36 111.1 28.05 92.26 13&23 44.65 o 100.2 48.05 17.42 92.28 19.436 19.4 0.03E 

- 46 111.1 47.3 90.41 13&24 44.65 o 100.2 72.3 17.98 92.53 33.865 33.12 0.74E 
17 142 0 102 23&24 48.05 17.42 92.28 72.3 17.98 92.53 24.258 24.2 0.05'i 
27 136.2 15 92.44 23&33 48.05 17.42 92.28 47.8 33.9 91.7 16.492 17.22 0.72'i 
37 137.3 30.02 92.41 23&34 48.05 17.42 92.28 72.2 32.53 92.59 28.489 27.97 0.51 
47 134.8 40.09 89.54 33&34 47.8 33.9 91.7 72.2 32.53 92.59 24.455 25.02 0.56: 
18 157.8 0 106.2 33&43 47.8 33.9 91.7 46.2 58.78 85.58 25.672 25.98 0.30E 
28 157 18.3 94.35 33&44 47.8 33.9 91.7 65.54 53 86.74 26.535 26.5 0.03: 
38 157.9 33.1 86.75 14&15 67.08 o 96.11 91.3 0 99.42 24.445 24.35 0.09E 

48 144.3 42.22 86.67 14&25 67.08 o 96.11 93.31 17.9 97.2 31.774 31.6 0.17~  

19 176.9 o 97.86 14&24 67.08 o 96.11 72.3 17.98 92.53 19.062 18.42 0.64' 
29 176.7 16.35 90.79 24&25 72.3 17.98 92.53 93.31 17.9 97.2 21.523 22.25 0.72~  

39 172.3 26.32 90.28 24&34 72.3 17.98 92.53 72.2 32.53 92.59 14.55 
49 176.6 40.7 85.91 24&15 72.3 17.98 92.53 91.3 0 99.42 27.051 27.23 0.17! 

34&35 72.2 32.53 92.59 92 29.1 88.11 20.588 20.43 0.151 
34&25 72.2 32.53 92.59 93.31 17.9 97.2 26.094 25.45 0.6~  

15&16 91.3 o 99.42 117 0 93.81 26.305 26.6 0.29~  
15&26 91.3 o 99.42 114.9 14.9 91.32 29.062 28.85 0.21' 

15&25 91.3 o 99.42 93.31 17.9 97.2 18.149 18.09 0.05! 

25&16 93.31 17.9 97.2 117 0 93.81 29.885 29.5 0.381 

25&26 93.31 17.9 97.2 114.9 14.9 91.32 22.577 22.6 0.02: 
25&35 93.31 17.9 97.2 92 29.1 88.11 14.484 15.13 0.6
25&36 93.31 17.9 97.2 111.09 28.05 92.26 21.061 21.5 0.43! 

35&26 92 29.1 88.11 114.9 14.9 91.32 27.136 27.42 0.28. 

35&36 92 29.1 88.11 111.09 28.05 92.26 19.564 20.04 0.47! 

35&46 92 29.1 88.11 111.1 47.3 90.41 26.483 26.68 0.19' 

35&45 92 29.1 88.11 92.05 53.17 84.91 24.282 25.17 0.88i 

45&36 92.05 53.17 84.91 111.09 28.05 92.26 32.366 32.58 0.21: 

45&46 92.05 53.17 84.91 111.1 47.3 90.41 20.679 20.9 0.22 
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Appendix 3: Recording 3: 11th July 1998 

16&17 117 o 93.81 142 0 102 26.307 26.02 0.287: 
16&26 117 o 93.81 114.9 14.9 91.32 15.252 15.03 0.2211 
26&17 114.9 14.9 91.32 142 0 102 32.718 32.05 0.668: 
26&27 114.9 14.9 91.32 136.2 15 92.44 21.33 21.9 0.570: 
26&37 114.9 14.9 91.32 137.3 30.02 92.41 27.047 26.75 0.297· 
36&26 111.1 28.05 92.26 114.9 14.9 91.32 13.723 
36&37 111.1 28.05 92.26 137.3 30.02 92.41 26.284 25.9 0.384: 
36&46 111.1 28.05 92.26 111.1 47.3 90.41 19.339 20.3 0.961: 
36&47 111.1 28.05 92.26 134.8 40.09 89.54 26.731 26.72 0.0101 
46&37 111.1 47.3 90.41 137.3 30.02 92.41 31.449 32.07 0.621 ( 
46&47 111.1 47.3 90.41 134.8 40.09 89.54 24.788 25.6 0.812: 
17&18 142 0 102 157.8 0 106.2 16.349 17.05 0.701: 

) 17&28 142 0 102 157 18.3 94.35 24.868 25 0.13: 
17&27 142 0 102 136.2 15 92.44 18.709 18.1 0.609" 
27&18 136.2 15 92.44 157.8 0 106.2 29.68 29.07 0.609! 
27&28 136.2 15 92.44 157 18.3 94.35 21.147 21.3 0.15: 
27&37 136.2 15 92.44 137.3 30.02 92.41 15.06 15.04 0.020: 
37&38 137.3 30.02 92.41 157 18.3 94.35 23.005 23.13 0.125: 
37&47 137.3 30.02 92.41 134.8 40.09 89.54 10.765 
47&48 134.8 40.09 89.54 144.3 42.22 86.67 10.15 
18&19 157.8 o 106.2 176.85 0 97.86 20.796 20.8 O.OO~  

18&28 157.8 o 106.2 157 18.3 94.35 21.816 21.5 0.316: 
18&29 157.8 o 106.2 176.7 16.35 90.79 29.36 28.8 0.5591 
28&29 157 18.3 94.35 176.7 16.35 90.79 20.114 19.7 0.4131 
28&19 157 18.3 94.35 176.85 0 97.86 27.226 26.43 0.795! 
28&39 157 18.3 94.35 172.33 26.32 90.28 17.773 17.02 0.753' 
39&38 172.3 26.32 90.28 157.9 33.1 86.75 16.33 16.33 0.000' 

) 19&29 176.9 o 97.86 176.7 16.35 90.79 17.814 17.8 0.013~  

29&39 176.7 16.35 90.79 172.33 26.32 90.28 10.898 10.05 0.847E 
39&49 172.3 26.32 90.28 176.6 40.7 85.91 15.624 16.45 0.8251 
38&49 157.9 33.1 86.75 176.6 40.7 85.91 20.203 20.02 0.1821 
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Appendix 3: recording 4: 29th August a998 

peg east north z first x first y first z second second_, second z calc dist meas dist 
11 0 0 100 11&22 0 0 100 22.65 19.82 92.04 31.132242 31.15 0.01 : 
21 0 21.8 95.7 11&21 0 0 100 0 21.8 95.65 22.229766 22.25 0.02( 
31 0 31.44 90.2 11&12 0 0 100 22.198 0 96.31 22.502607 22.55 0.04: 
41 0 51.08 85.4 21&12 0 21.8 95.65 22.198 0 96.31 31.119557 31.35 0.23( 
22 22.65 19.82 92 21&22 0 21.8 95.65 22.65 19.82 92.04 23.021186 23.3 0.27f 
12 22.198 o 96.3 21&32 0 21.8 95.65 23 30.44 93.07 24.704372 

32 23 30.44 93.1 21&31 0 21.8 95.65 0 31.44 90.17 11.088733 11.15 0.06' 
42 21.4 49.3 85.4 31&22 0 31.44 90.17 22.65 19.82 92.04 25.525356 

13 44.646 0 100 31&33 0 31.44 90.17 47.8 34.5 91.7 47.922276 

23 48.05 18.22 92.3 31&42 0 31.44 90.17 21.4 49.3 85.38 28.282215 

33 47.8 34.5 91.7 31&41 0 31.44 90.17 0 51.08 85.42 20.206239 20.2 0.00£ 
" ) 43 45.8 59.48 85.6 41&42 0 51.08 85.42 21.4 49.3 85.38 21.473938 21.4 0.07~  

14 67.08 o 96.1 41&32 0 51.08 85.42 23 30.44 93.07 31.836019 

24 72.3 17.98 92.5 12&13 22.198 0 96.31 44.646 0 100.2 22.782555 23.2 0.41: 

34 72.2 32.93 92.6 12&23 22.198 0 96.31 48.05 18.22 92.28 31.883149 31.4 0.48~  

44 65.94 53.7 86.7 12&22 22.198 0 96.31 22.65 19.82 92.04 20.279783 20.28 O.OO( 
15 91.3 o 99.4 22&23 22.65 19.82 92.04 48.05 18.22 92.28 25.451475 25.64 0.18f 

25 93.31 17.9 97.2 22&13 22.65 19.82 92.04 44.646 0 100.2 30.712245 31.12 0.40: 

35 92 29.83 88.1 22&32 22.65 19.82 92.04 23 30.44 93.07 10.67557 11.32 0.6" 

45 92.05 54.02 84.9 32&33 23 30.44 93.07 47.8 34.5 91.7 25.167449 25.657 0.48{ 

16 117 o 93.8 32&42 23 30.44 93.07 21.4 49.3 85.38 20.430264 20.1 0.33( 

26 114.9 14.9 91.3 13&14 44.646 0 100.2 67.08 0 96.11 22.803782 23.3 0.49£ 

36 111.09 28.05 92.3 13&23 44.646 0 100.2 48.05 18.22 92.28 20.156439 19.4 0.75£ 

46 111.1 47.3 90.4 13&24 44.646 0 100.2 72.3 17.98 92.53 33.865218 33.12 0.74£ 

17 142 0 102 23&24 48.05 18.22 92.28 72.3 17.98 92.53 24.252476 24.2 0.05~  

27 136.2 15 92.4 23&33 48.05 18.22 92.28 47.8 34.5 91.7 16.292247 16.22 0.07~  

37 136.3 30.52 92.4 23&34 48.05 18.22 92.28 72.2 32.93 92.59 28.279015 27.97 0.3m 

47 134.8 40.65 89.5 33&34 47.8 34.5 91.7 72.2 32.93 92.59 24.466651 25.02 0.55~  

18 157.8 0 106 33&43 47.8 34.5 91.7 45.8 59.48 85.58 25.796411 25.98 0.18~  

28 157 18.3 94.4 33&44 47.8 34.5 91.7 65.94 53.7· 86.74 26.875662 26.5 0.371 

38 157.9 33.1 86.8 14&15 67.08 0 96.11 91.3 0 99.42 24.445132 24.35 0.091 

48 144.3 42.22 86.7 14&25 67.08 0 96.11 93.31 17.9 97.2 31.774376 31.6 0.17' 

19 176.85 o 97.9 14&24 67.08 0 96.11 72.3 17.98 92.53 19.061616 18.42 0.64' 

29 176.7 16.35 90.8 24&25 72.3 17.98 92.53 93.31 17.9 97.2 21.522904 21.25 0.27: 

39 172.33 26.32 90.3 24&34 72.3 17.98 92.53 72.2 32.93 92.59 14.950455 

49 176.6 40.7 85.9 24&15 72.3 17.98 92.53 91.3 0 99.42 27.050924 27.23 0.17! 

34&35 72.2 32.93 92.59 92 29.83 88.11 20.535832 20.43 0.10! 

34&25 72.2 32.93 92.59 93.31 17.9 97.2 26.320811 25.45 0.87( 

15&16 91.3 0 99.42 117 0 93.81 26.305172 26.6 0.29' 

15&26 91.3 0 99.42 114.9 14.9 91.32 29.061659 28.85 0.21 

15&25 91.3 0 99.42 93.31 17.9 97.2 18.148788 18.09 0.05l 

25&16 93.31 17.9 97.2 117 0 93.81 29.885083 29.5 0.381 

25&26 93.31 17.9 97.2 114.9 14.9 91.32 22.576592 22.6 0.02: 

25&35 93.31 17.9 97.2 92 29.83 88.11 15.055534 15.13 0.07

25&36 93.31 17.9 97.2 111.09 28.05 92.26 21.060734 21.5 0.43! 

35&26 92 29.83 88.11 114.9 14.9 91.32 27.52488 27.42 0.11 

35&36 92 29.83 88.11 111.09 28.05 92.26 19.616804 20.04 0.42: 

35&46 92 29.83 88.11 111.1 47.3 90.41 25.986552 26.68 0.69: 

35&45 92 29.83 88.11 92.05 54.02 84.91 24.400791 25.17 0.76· 

45&36 92.05 54.02 84.91 111.09 28.05 92.26 33.030062 33.58 0.54 

45&46 92.05 54.02 84.91 111.1 47.3 90.41 20.935876 20.9 0.03 
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Appendix 3: recording 4: 29th August a998 

16&17 117 0 93.81 142 0 102 26.307339 26.02 0.28~  

16&26 117 0 93.81 114.9 14.9 91.32 15.251888 15.03 0.22' 
26&17 114.9 14.9 91.32 142 0 102 32.718227 32.05 0.661 
26&27 114.9 14.9 91.32 136.2 15 92.44 21.32966 21.9 0.5~  

26&37 114.9 14.9 91.32 136.3 30.52 92.41 26.516646 26.75 0.23: 
36&26 111.09 28.05 92.26 114.9 14.9 91.32 13.723054 
36&37 111.09 28.05 92.26 136.3 30.52 92.41 25.331157 25.9 0.561 
36&46 111.09 28.05 92.26 111.1 47.3 90.41 19.338694 20.3 0.96' 
36&47 111.09 28.05 92.26 134.8 40.65 89.54 26.987451 26.72 0.26: 
46&37 111.1 47.3 90.41 136.3 30.52 92.41 30,341529 30.07 0.27' 
46&47 111.1 47.3 90.41 134.8 40.65 89.54 24.63066 24.6 o.m 
17&18 142 0 102 157.8 0 106.2 16.3487 17.05 0.: 
17&28 142 0 102 157 18.3 94.35 24.867901 25 0.13~ 

17&27 142 0 102 136.2 15 92.44 18.709185 18.1 0.60! 
27&18 136.2 15 92.44 157.8 0 106.2 29.679919 29.07 0.60! 
27&28 136.2 15 92.44 157 18.3 94.35 21.146586 21.3 0.15: 
27&37 136.2 15 92.44 136.3 30.52 92.41 15.520351 15.04 0.48C 
37&38 136.3 30.52 92.41 157 18.3 94.35 24.116011 24.13 0.01: 
37&47 136.3 30.52 92.41 134.8 40.65 89.54 10.635027 
47&48 134.8 40.65 89.54 144.3 42.22 86.67 10.047477 
18&19 157.8 0 106.2 176.85 0 97.86 20.795627 20.8 O.OOl 

18&28 157.8 0 106.2 157 18.3 94.35 21.816336 21.5 0.3H 
18&29 157.8 0 106.2 176.7 16.35 90.79 29.359847 28.8 0.55! 
28&29 157 18.3 94.35 176.7 16.35 90.79 20.113829 19.7 0.41: 
28&19 157 18.3 94.35 176.85 0 97.86 27.225587 26.43 0.79! 
28&39 157 18.3 94.35 172.33 26.32 90.28 17.773413 17.02 0.75: 
39&38 172.33 26.32 90.28 157.9 33.1 86.75 16.32955 16.33 0.0< 
19&29 176.85 0 97.86 176.7 16.35 90.79 17.813756 17.8 0.D1: 
29&39 176.7 16.35 90.79 172.33 26.32 90.28 10.89761 10.05 0.8l 

39&49 172.33 26.32 90.28 176.6 40.7 85.91 15.624154 16.45 0.82! 
38&49 157.9 33.1 86.75 176.6 40.7 85.91 20.202861 20.02 0.18~  

) 
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APPENDIX 4: LANDSLIDE CLASS� 
GUIDELINES� 

The following document is the official classification for landslip 
risk zoning in the Launceston area, obtained from Mineral 

Resources Tasmania 



Appendix 4: Landslide class guidelines 

LANDSLIP RISK ZONING - LAUNCESTON AREA 1996 

The landslip risk zoning is a revision of the zoning undertaken for th, 
Launceston area in 1974 by the Department of Mines. The earlier surve' 
extended over the whole Tamar region of some 800km2 , whereas the newe: 
version is derived from a detailed study of about 145km2 and covers the Greate: 
Launceston area and surrounding land. 

The classification closely follows the former system of zonation. The availabili~  

of more accurate base maps, combined with the collection of more detaile( 
surface and subsurface geological information, has made it possible to refine th4 
accuracy of the zoning over that produced previously. Even so, the zoning is stil 
relatively broad scale in nature, but it should give a good indication of the 
landslip risk in most areas. Locations on or near the zone boundaries may nee< 
more precise determination by field inspection for particular developments i.r 
some cases. The zoning is advisory in nature. 

As with the former survey, five classes have been used in the zonation system 
Subclasses have been introduced in Classes IT and III on the latest maps 
Additional information may be obtained by reading the land stability zonatioI 
maps in conjunction with examination of contour information and the detaile( 
geological and engineering geological maps. The classes are arranged i.r 
increasing order of risk in a general sense from Class I to Class V. 

Class I - Generally stable ground on ~ard',  weathered ~rd'  rocks. 

This zone comprises areas underlain by Tertiary basalt, Jurassic dolerite anI 
Triassic and Permian sandstone, siltstone and mudstone. Of these dolerite is b~  
far the most common in the Launceston area. 

These rocks have been subject to weathering resulting in variable depths of soil 
loose rock and weathered rock overlying hard in situ rock. Where the depth 0 

weathering is shallow, i.e. in place competent rock is, say, less than one metre 
from the surface, the risk of landslip is regarded as very low. In areas where 
weathering is deeper, the risk of landslip on sloping land may be a little greate: 
under some circumstances, but is still generally low. Areas with known thicke: 
weathering profiles on these rocks (usually dolerite) have been placed in Classe: 
Il and III depending on slope angle. 

Occasional small areas with deep weathering will not have been identifie< 
during the mapping process and such areas will have been placed in Class I 
Steep land with loose boulders or jointed cliff faces may present hazards fron 
rolling boulders or rock falls. 
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Appendix 4: Landslide class guidelines 

Areas underlain by these rocks are regarded as generally having very low 
landslip risk. Steeper sloping areas should be examined to assess depth of 
weathering and hazards from boulders and rock falls. If deeply weathered zones 
are located in such areas they should be treated as Classes IT and rn, depending 
on slope angle. Very rarely a higher zone may be considered. 

Developments in steeper areas should follow good hillside development practices. 

Class 11 - Generally stable ground on 'soft' rocks, deep soil on 'hard' rocks (11a), 
selected reclaimed areas (lIb), all on slopes < 7°. 

This class comprises land underlain by relatively unconsolidated units of 
Quaternary age, other more consolidated but poorly indurated units of 
Quaternary to Tertiary age, deeply weathered hard rock areas and selected man
made :fill areas. 

The lowest angle on which a landslide is known to have occurred in recent times 
in the Tamar area is 7°. As a result, land underlain by the above materials with 
slopes of less than 7° is regarded as generally stable. This conclusion appears to 
be valid for undeveloped land with a low slope angle where there are no signs of 
previous landslips visible and for well managed developed' land of a similar 
nature where there is an absence of excessive loading. 

The 7° slope angle has been determined using maps with a five metre contour 
interval and because of this interval, small errors may occur on the zonation 
maps where steeper slopes of less than 5 metres in height are present. These 
errors are likely to be rare, as in cases where such slopes are known to occur 
from field, observation or air photo interpretation, the land has been assigned to ' 
the appropriate zonation class. Small areas of land with a slope of <7° that could 
be affected by landslips on adjacent steeper slopes have been placed in a higher 
class. 

Although Quaternary estuarine and alluvial deposits of the Tamar and North 
Esk river valleys have been classified as Class n, narrow zones adjacent to water 
bodies may be prone to landslip into those water bodies at some locations. Some 
of these deposits and some selected reclaimed areas (llb) could be subject to 
significant settlement under load. 

Recommendation 

Landslip risk for this class is regarded as low. Excessive loading or deep 
excavation, combined with poor drainage practices, could induce unstable 
conditions under some circumstances. Some attention should be given to these 
factors when development is proposed. Strict adherence to building codes is 
recommended. 
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Appendix 4: Landslide class guidelines 

Class III - Potential landslip areas on 'soft'rocks, deep soil overlying 'hard' rock 
(IlIa) (slopes in both cases ~ 7°).dolerite gravel areas on slopes 7-10° (llIb), 
dolerite gravel areas on slopes> 10° (lIIc). 

This class is comprised largely of land underlain by similar material to that 
underlying Class II areas, but with a greater slope angle. The land in this class 
exhibits no obvious signs of past movement, but because of the slope angle, there 
is some potential for landslip to develop under some circumstances. Excavation 
and placement of fill may have obliterated old landslip features in some of the 
developed areas that have been placed in this class, but this is not expected to be 
common. 

There is a range of risk in this zone. The limited amount of subsurface 
information does not allow more subdivision into subclasses than indicated. A 
small section of flatter land above and below the steeper slopes has been 
included in this class to act as a buffer. 

The landslip risk for Class ITIb (dolerite gravel on slopes -r>-10~  is regarded as 
low. The risk for IlIa (deep soil overlying 'hard' rock) and IlIc (dolerite gravel on 
slopes > 10~  is regarded as similar to the remainder of Class ill. 

Recommendation 

It is recommended that a land stability assessment for land in this zone be 
undertaken before development proce,eds. This assessment will often involve a 
field inspection and sometimes subsurface investigations and should be 
undertaken by a competent geotechnical practitioner. In many Class III areas it 
is expected that land in this class will be suitable to develop, provided some 
precautions are taken and these'should be oJ,ltlined in a specific site report that 
deals with the development of the land. These precautions Vnn usually relate to 
factors such as siting of the development, excavations, drainage and vegetation 
removal. 

Class IV - Old landslip and adjacent areas. 

Land in this class shows signs of definite and probable old landslip movements 
with no apparent movement in recent times, i.e. there are no landslip related 
cracks or bare soil associated with landslip visible and long term residents are 
unaware of movement. As well, some adjacent land with similar conditions (e.g. 
geology and slope angle) has been included in this class. 

Geological investigation and slope risk assessment at Windermere, northern Tasmania 



APPENDIX 5: DRILL CORE LOGS� 

Specific locations are illustrated in figure 3.1 

Data has been derived from previous data and drill and auger hole 
logging 



Chapter 4: Previous Work 

Drill core Depth Description Moisture Classification Reference 
no. (m) content svmbol 
PI 0 Top soil Unknown Leaman & Stevenson , 1972 

0.305 Talus of hard angular basalt boulders in basalt clay matrix, became hard to 
dig at 1.9m. 

P2 0 Top soil Unknown Leaman & Stevenson , 1972 
<0.305 Weathered basalt talus with some hard boulders, too hard to dig at 3.05 m. 

P3 0 Top soil Unknown Leaman & Stevenson , 1972 
0.305 Talus of weathered basalt, mainly clay with a few basalt boulders at 3.3m 

P4 0 Top soil Unknown Leaman & Stevenson , 1972 
0.3-0.6 Brown plastic clay 
>0.6 Deeply weathered basalt talus with occasional boulders to 2.9m becoming 

difficult to dig. 
P5 0 Top soil Unknown Leaman & Stevenson , 1972 

.30 Brown sandy clay 

.60 Weathered basalt talus becoming too hard to dig at 2.7m 
P6 0 Top soil Unknown Leaman & Stevenson, 1972 

.3 Brown sand 

.9 Weathered basalt talus passing into fresh basalt rubble at 2.7m. 

P7 0-0.2 Dark brown, dry and fractured silty clay soil, some basalt boulders Stevenson, 1973 
0.2-0.5 Porous silty and pisolitic (iron oxide) soil 
0.5-2.3 Mixture of plastic clay and basalt boulders, some basalt weathered some 

unweathered. 
2.3-3.2 Light grey-brown medium hard plastic clay, fissured with shiny surfaces 

P8 0-0.6 Dark brown clay and basalt boulders grading into dark brown soil. CH Stevenson, 1973 
0.6-1.5 Light brown clay with basalt boulders. 
1.5-1.8 On north side of pit grey silty clay; a thin fine, even-grained quartz sand 

beds; some wood fragments. Zones of clay extending into basalt boulder 
zone. Other parts of pit consist of clay and basalt boulders which proved 
too difficult to excavate. 

P9 0-0.3 Dark brown soil and sandy silty clay, dry and fractured. Stevenson, 1973 
0.3-1.8 Hard brown plastic clay and basalt boulders. Towards bottom light grey 

and brown mottled silty and sandy clay with plastic clay and basalt 
boulders intermixed. Unable to dig any deeper. 

PlO 0-0.8 Dark brown to black silty clay, dry and fractured, a few small basalt Stevenson, 1973 
fragments. 
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0.8-2.6 Fragmental grey brown to black clay (derived from basalt) with basalt 
boulders, occasionallimonite nodules. 

Pll 0-0.6 Dark brown crumbly soil overlying clay, some basalt boulders. CH Stevenson, 1973 
0.6-2.7 Brown plastic to fragmental clay with occasional basalt boulders, shiny slip 

surfaces on clay. 
2.7-3.1 Light grey and brown mottled clay, hard, plastic, some thin travertine 

seams. 
Pl2 0-0.6 Dry fractured dark brown clay soil becoming damp towards the base, CH Stevenson, 1973 

angular limonite fragments. 
0.6-1.8 Fragmental to plastic brown clay and basalt boulders. 
1.8-3.1 Light grey and brown mottled clay and silty clay, fairly hard and massive. 

Iron oxide band across floor Dit above 15 mm wide carries a little water 
Pl3 0-0.5 Dry and fractured soil over light brown silty clay CH Stevenson, 1973 

0.5-1.5 Mainly brown, a little grey fragmental to plastic hard clay, some limonite 
1.5-2.7 nodules. 

Light grey and brown mottled clay, fissured. Some travertine near tOD. 
Pl4 0-0.6 Dark brown soil overlying pisolitic (iron oxide) clay with basalt boulders. Stevenson, 1973 

0.6-1.5 Ligth grey brown fragmental clay with basalt boulders. 
1.5-2.1 Fissured grey clay with shiny slip surface on one side of pit. The other part 

of pit are weathered basalt debris and boulders with some moisture. 

P15 0-0.3 Dark brown soil, fractured and dry, occasional basalt boulders. CH Stevenson, 1973 
0.3-0.9 Basalt derived light brown fragmental material with large basalt boulders. 
0.9-1.7 Fine even grained brown sand (mainly quartz). 
1.7 Blue clay 

B I 0-0.5 Clay - highly plastic, dark brown. Some organic in top half (soil & subsoil) M=PI. CH Moore, 1986 
0.5-1.9 Clay - highly plastic, grey (Launceston Beds) M<Pl CH 
1.9-4.4 Clay - highly plastic, brown M<Pl CH 
4.4-5.0 Soft zone M=Pl CH 

B2 0-0.2 Clay - Organic, black, highly plastic (soil) M=Pl OH Moore, 1986 
0.2-0.4 Clay - highly plastic, dark brown (subsoil) M<Pl CH 
0.4-6.0 Clay - hi~hly plastic brown (Launceston Beds) M<Pl CH 

B3 0-0.2 Clay - Organic, black, highly plastic (soil) M OH Moore, 1986 
0.2-1.5 Clay - Highly plastic, yellow (yellow clay) M=Pl CH 
1.5-3.0 Clay - Highly plastic, brown with ironstone grit (Launceston Beds) M<Pl CH 
3.0-3.3 Clay - Highly plastic, grey 
3.3-6.0 Clay - Hi~hly plastic, brown 
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B4 0-0.8 Gravel & organic clay - Gravel coarse road base coarse. Clay black organic GC&OH Moore, 1986 
0.8-1.6 Clay - Highly plastic, yellow-brown M=PI CH 
1.6-1.8 Clay with gravel- clay highly plastic, yellow. Gravel, coarse quartz pebbles. M<PI GC 

10% 
B5 0-1.0 Gravel- coarse, poorly sorted. Road base coarse with some clay (Fill) GC Moore, 1986 

1.0-1.2 Silt - Organic, fine, low plasticity (Soil layer) M OL 
1.2-1.5 Clay - High plasticity, brown (Clay interbedded with gravel) M=PI CH 
1.5-2.0 Clay with gravel- coarse gravel, clay highly plastic M<PI GC 
2.0-2.7 Clay highly plastic brown M<PI CH 
2.7-3.3 Clay with gravel - clay highly plastic, brown. Gravel coarse GC 

B6 0-1.5 Gravel and clay - Gravel coarse, clay highly plastic, grey-brown M=PI GC Moore, 1986 
1.5-2.5 Clay highly plastic, liJzht brown D CH 

B7 0-0.3 Clay - organic, with roots, dark brown (Topsoil) M OH Moore, 1988 
0.3-4.2 Clay - highly plastic, orange (Launceston Beds) CH 

B8 0-0.4 Clay - black organic, with roots D OH Moore, 1988 
0.4-1.0 Clay - orange, highly plastic M 
1.0-2.5 Clay with gravel- brown, clay highly plastic, gravel fine, ironstone 1-2 M CH 

mm 10% 
2.5-4.0 Clay - Orange, highly plastic M CH 

B9 0-0.9 Clay - Brown, organic, highly plastic. D OH Moore, 1988 
0.9-1.6 Clay - brown, highly plastic M CH 
1.6-1.9 Clay - Rubbly ironstone band M 
1.6-3.4 Clay - brown, highly plastic M CH 
3.4 Clay with pebbles M 

BIO 0-0.8 Clay pebbles, Clay- orange brown, highly plastic. Pebbles basalt> 3 mm CH Moore, 1988 
ironstone < 1mm M 

0.8-3.4 Clay - brown, highly plastic, gradual change in colour with depth M CH 
3.4-7 Clay - orange, highly plastic H 

Bll 0-0.2 Concrete and gravel G Moore, 1988 
0.2-1.0 Clay - brown, highly plastic M CH 
1.0-3.1 Clay - orange, highly plastic M 

B 12 0-0.2 Light brown loamy silt Ingles, 1991 
0.2-.45 Strongly bleached silt, with abundant ironstones to 5cm 
0.4-.55 Very dry clay, with yellow/ brown! grey mottle 

BB 0-0.15 Light brown loamy silt Ingles, 1991 
0.15-.5 Stiff dry clay, mottled yellow/ grey 
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Borehole 14 0-0.23 
.23-.5 
0.5-.55 

Borehole 15 0-0.25 
0.25-.5 
0.5-.65 

Borehole 16 0-2.0 

Borehole 17 0-0.7 
0.7-1.8 

Borehole 18 0-0.5 
0.5-1.9 

Light brown silt 
Mildly bleached ironstone rich silt 
Dry mottled clay 
Light brown loamy silt 
Mildly bleached, ironstone rich silt 
Very dry clay, mottled yellowlbrown 
Fairly uniform clay, very dry, with well rounded boulders to 30 cm, and 
brown/yellow! orange mottle. 
Light brown silty gravelly loam 
Clay - Mottled redloranp;e!2fey, very dry 
Light brown silty gravelly loam 
Clay, slickensided, strongly mottled yellow! grey (latter predominates) 
somewhat porous and also layered. 

Ingles, 1991 

Ingles, 1991 

CM Ingles, 1991 

Ingles, 1991 
CH 
CM Ingles, 1991 
CH 
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Appendix 5: Drill Logs 
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DIAMOND DRILLCORE LOG� project: N\rOe~l'Y'qe 0' ~a  hole no. WD~ (f>lt1..") 
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Appendix 5: Drill Logs 

DIAMOND DRILLCORE LOG� project: I-Ilrcterm~r~  anQ hole no. ~tt1. C£a+t1-) 
location: ~ne;  ttl" page,3of3 
logged by: ~~ I'Y't:AccX>ro.ld date: ~q. I .cri 

grainsize scale: I ' I""� 
metre structure description!� 
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DIAMOND DRILLCORE LOG� project: hole no.� 
location: page of� 
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Appendix 5: Drill Logs 

DIAMOND DRILLCORE LOG� project: W"'de(Mlf~  o.~""  . hole no. ~tt Z 
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MINERAL RESOURCES TASMANIA� 

Client: R. Macdonald 

Sample Location: Windermere 

Soil Mechanics Testing Whole Sample X-Ray Diffraction Analyses (Approx. Wt. %) 

Sample ECN LL PL LS 0' (0) c' (kPa) Quartz Kaolinite Smectite K-Feldspar Mica Goethite Gibbsite 

S11 1 89 32 19 25 60 10 2 2 

S12 2 66 21 18 35 25 20 10 2 5 

S14 2 101 30 22 30 40 20 2 2 2 

S22 1 83 29 18 10 3 20 65 10 2 2 2 

S23 1 67 23 17 40 40 10 5 2 2 

S24 1 56 20 15 45 35 10 5 2 2 

S25 1 64 21 16 40 30 10 10 5 2 

S26 1 73 25 17 40 35 15 5 5 2 

S41 6 132 28 26 30 55 5 5 

S42 6 129 26 27 30 50 5 10 

Atterberg Limits tests performed without pre-drying samples Minerals present in trace amounts, or amorphous minerals, may not be detected 

ECN = Emerson Class Number Peak overlap may interfere with identifications (e.g. K-Feldspar may mask the 

LL =Liquid Limit presence of Rutile; Goethite may mask the presence of Hematite; large 

PL =Plastic Limit amounts of Kaolinite may mask the presence of small amounts of IImenite) 

LS =Linear Shrinkage Major Goethite peak in S41 and S42 occurs at 4.17A-4.16A (normal Goethite 

0' =Residual Angle of Internal Friction 4.183A) - may indicate some replacement of Fe by AI 

c' =Residual Cohesion Smectite content in S11 and S22 rounded-down to 10% 

Smectite content in S23, S24, S25 rounded-up to 10% 

Smectite content in S26 rounded-up to 15% 

ftttJ~
 
Analyst: Richie N. Woolley 

Date: 24 September 1998 
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Appendix 7: Shear box tests 

The shear box test 

The test consists of a brass box, split horizontally at the centre of the soil specimen 

(illustrated in figure A7.1), where the soil is gripped by metal grilles. A vertical load is 

applied to the top of the sample by means of weights. As the shear plane is predominately 

in the horizontal direction the vertical load is also the normal load on the plane of failure. 

Having applied the required vertical load a shearing force is gradually exerted on the box, 

usually from a proving ring - annular steel ring that has been carefully machined and 

balanced. When a load is applied to such a ring a deflection will take place that can be 

measured on a dial gauge, enabling the causative force to be obtained from the ring 

calibration supplied by the manufacturer. 

Normal load 

Shear force .1 ( .._...~_~,,, .. c~porous disc 

I~  Shear force 
porousdisc 

half· of box 

Figure A7.1: Diagrammatic sketch of the shear box apparatus 

A second dial gangue (fixed to the shear box) is used to determine the strain of the test 

sample. At any point during the shear, the proving ring reading is taken at fixed strain 

intervals (strain =movement of box / length of box) and failure of the soil specimen is 

indicated by a sudden drop in the magnitude of the proving ring reading or a levelling off 

in successive readings. 
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Figure A7.2 illustrates the soil classification according to the shear strength of 

sediments. 

1
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Appendix 8: Slope stability models 

Bishop's Simplified Method 

Bishop's Simplified Method is a simplistic means of calculating the stability of slopes, in 

terms if the factor of safety (Fs). The model uses a number of in parameters (equation 

A8.1), which are applied to circular slip failure planes. This model is renown for 
) 

producing realistic results and it is relatively easy to calculate. 

Fs =L{[c'b + W (l-r) tanep'] (l/m)}! LW sina. ...•...•...••.•...••.•.••.••.•..equation AS.l 

Where,� 
r - pore pressure� 
't - Shear stress� 
<1>' - Residual angle of internal friction� 
c - Cohesion� 
W - sediment weight� 
a. - angle between the slope and the normal 

Cousins Stability Charts 

Cousins through extensive computer analysis has identified that specific average pore 

pressure ratios relate to a slope angle, I, and a stability number, Nf, where r =YfWh. This 

method depicts the relationship between slope angle and the co-ordinates of the critical 

slip circle for a number of pore pressure ratios. Such a relationship can be derived from 

the tables illustrated in figure A8.1, providing the correct input parameters are available. 

From this the stability number or factor of safety can be derived. 
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Appendix 8: Slope stability models 
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Figure AS.l: Stability numbers for toe circles (a) r =0, b) r =0.25, c) r =0.5 

(Cernica, 1995) 

Galena Slope Stability Analysis System 

Galena is a computerised slope stability-modelling package, which incorporates three 

methods of calculating slope stability, Bishop's Simplified Method, Spenser-Wrigth and 

Samara Method. The model used is depends on the type of failure plane, Le. if failure is 

circular or non circular. This model is user friendly and produces results rapidly. The 

model enables failure surface to be defined in terms of the actual slope rather than as 

abstract point in space (Galena, 1998). 
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Field# B9<::~~~r1"! B~~~gescription AMG Nortt AMG Easti f..9sition________________ _ 
137813 2.3 dql~~i~~ __ t1!g~Iy._~~atheredsiqLeri!~_~9u_I.ci~~~ __ ____ __ _ __ ___ ___54~§~~Q~~~q I gnr ~ I~!!1..Cl~ l--li9f:1w~y! L_os J\t:l9E3 lqs_Rd 
137814 3.7 claystone Alternating clay and sand layers, subhorizontal bedding 5426652 501550 property no. 1416 

________________~_+-_.L.~~+__:_,___,__~'-c--'--,__,__~----"-'-c--'--~~~~~~---"'--+__~~___1~~~__+_'=_:_:_c:':_---"-~__,__~~___,___,_=_---------------

___ 1_3_78~1~ 2.1 basalt Weathered basalt clast 5427230 500960 Cliff on top of Gaunts Hill _ 
137816 3.5 basalt Contact between Tertiary basalt and Tertiary sediments 5426652 501550 top Gaunts Hill, property no. 1416 

______~ --- ----+-~~~_+__,___:_~__c_~___:_:_~----"-'-c-----:-:-~~~~--'--~~~~_+___=_~~+_~___,__~+__''--~~~-'-'---'~-'--~~~--

137817 2.2~~~_~!!.____ Hi9hly weathered basalt boulders 542Y:~1- 5011~QE~9E~rt.Y!I_o~J.j1?_ _ _ _ 
__ __13_?~_~ _bo.:...x_'_t-:-e_st--:in;:"g"-----,--:-::::,__~_+-5=_4:_::2::::7c::_4-=-60=+____:5=_=0_:_0_:_72=_5=-+!p..::;-,ro:..o::p,_,_e;-,rt,,-:y-=-n,_,_o-;. ~ _-=6~.7-:+:=-'clc=aLys=:-=t_=_on:.:.e~T=h'_'_:e=--:...:re'-'-s-'-u:.;_lta-n-'-t_;;b.:.:lo=_c-'-k_,_;_a-'-ft-=-er_;_s_h_e-;a-,-r 1.:...4,;-1:-,-7~ 

137819 3.4 basalt Thin section of Tertiary basalt capping Gaunts Hill 5427215 501150 Gaunts Landslides 
._--~~ -----.------:'-'-:'+:=-=::..::.::-'----+.=':-~---::--___:_;_~___;_~_:_:____:~~__;_"''_;_;~~~--__t____=_:_=_=~=+_____==_:_==_J_;;;:~~___=__~____:_:_:_:::---- ..~--~--------

137820 3.6 basalt Thin section throuQh Tertiary basalt boulder 5426652 501550 Proppertv no. 1416 

Tertiary, Jurassic Appendix 8 137813-137820 
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