
 
 
 

 
 
 
 

LAND STABILITY ON COUPE 
NI114A AND ADJACENT 

STEEPLANDS 
 

P.D. McIntosh 
 

Forest Practices Authority, Hobart 
 
 
 
 
 
 
 
 
 
 
 
 
 

Forest Practices Authority Scientific Report 2 
 

12 December 2006 



Forest Practices Authority – Land Stability on Coupe NI114A and adjacent steeplands 2

 
 

CONTENTS 
 
Summary          5  
1. Introduction          5 

1.1. Aims of study        5 
1.2. Date of visits        5 
1.3. Geology         5 
1.4. Landslide types        7 
1.5. Previous work in the South Sister area     9 
1.5.1. Report of Sloane (1976)       9 
1.5.2. Report of Crowden (2003)      9 
1.5.3. Repost of McIntosh (2003)      9 
1.5.4. Report of Stapledon (2005)      9 
1.5.5. Report of Rallings (2004)       9 
1.5.6. Report of van der Maeson (2005)     10 
1.5.7. Report of McIntosh (2005)     10 
1.5.8. Reports of Stapledon (2005) and Rallings (2005)   10 
1.5.9. Rainfall records       10 
1.5.10. Air photographs       11 
1.5.11. Forestry activity       12 

2. Field observations.         12 
2.1. Area A, east of Jubilee coal mine     13 
2.2. Area B, west of Jubilee coal mine     20 
2.3. Area C, northeast part of coupe and harvest area   22 

3. Discussion         27 
3.1. Past land instability       27 
3.2. The groundwater discharge theory     28 

4. Summary         29 
5. Conclusions         30 
6. Acknowledgements        30 
7. References         30 
8. Appendix 1         33 
 
 
 
 
 
 



Forest Practices Authority – Land Stability on Coupe NI114A and adjacent steeplands 3

 

LAND STABILITY ON COUPE NI114A AND ADJACENT 
STEEPLANDS 

 
 

SUMMARY 
 

Observations 
1. No active instability has been noted within the coupe harvest area, which has low 

erodibility soils which are among the most resistant to degradation in Tasmania. 
Elsewhere in the state, forest on similar soils has been selectively harvested without 
negative environmental effects. 

 
2. New field surveys on the southern steeplands found four recently-active landslides 

and two inactive landslides, and two features that may have been ancient landslides or 
may have originated by other mechanisms.  

 
3. Field evidence suggests that one active rock slide (rotational slump) at the level of the 

Jubilee mine may have been caused by groundwater discharge from the coal 
measures. An inactive rock slide at the same locality may have the same origin. 

 
4. One debris flow within the harvest area is judged to be a very old periglacial feature 

and to be inactive. 
 
5. The debris flows on the southern steeplands appear to have been caused by local 

saturation of subsurface dolerite talus layers, aided by pre-Code harvest of forest on 
steeplands, poorly-constructed tracks that have diverted water, and collapse of 
roadside batters, but some failure in this high-intensity rainfall zone may be entirely 
natural, as would be expected on steeplands having a mantle of layered doleritic talus. 
No evidence was found to support the proposition that the landslides in the ‘active 
landslip area’ mapped by Sloane (1976) resulted from groundwater seepage at the 
dolerite talus–sandstone contact. 

  
6. Potentially unstable land northeast, east and south of the harvest area was excluded 

from the coupe harvest area, and a domestic water supply has been protected by a 
buffer zone. The maturing forest in these areas will help to stabilise land and maintain 
water quality for residents. 

 
7. Increased infiltration following selective harvest is estimated to be about 200 mm per 

year, but is likely to be insignificant in relation to the amount of water deposited on 
the soil in high intensity rainfall events, and also less important than annual rainfall 
variation, which on the coupe can be 1000 mm above the mean (1116 mm). 

 
Conclusions 

1. The harvest area of coupe NI114A does not contain any signs of active instability. 
One debris flow within the harvest area is judged to be a very old periglacial feature 
and to be inactive.  Coupes with similar slopes, soils and geology have been 
selectively harvested without detrimental effects on soils, land stability, or water. 
Buffer areas have been defined to protect zones of instability on steeplands to the 
northeast, east and south of the coupe. In similar terrain such buffers have proved 
adequate to protect soils from erosion.  

2. The field evidence indicates that the debris-flow landslides on the steeplands south of 
the harvest area are caused by local factors such as saturation of subsurface dolerite 
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talus layers. Saturation is likely to occur after heavy rainfall events, which are 
common in the area, or after persistent rainfall. Previous forest harvest on steeplands 
and (in one instance) diversion of a stream at a vehicle crossing may have contributed 
to slope instability. Two rock slides (rotational slumps) near the Jubilee mine, one 
active and the other inactive, have probably originated by groundwater seepage from 
coal measures but they occur far (150–200 m) from the harvest area.  

3. The evidence indicates that instability on the steeplands has occurred by processes 
unrelated to past or planned activity on rolling and undulating land upslope. Increased 
infiltration or runoff following selective harvest is likely to be minor relative to 
infiltration and runoff variation resulting from the large annual and short term 
variations of rainfall. Therefore it is unlikely that harvest in coupe NI114A will affect 
the stability of the surrounding steeplands. 

 
4. The steepland soils will continue to erode by natural means. The increased risk of 

landslides posed by disturbance has all but ceased: the coal mine on the steeplands 
has closed, trees on steeplands are no longer being harvested, and the access track on 
the southern steeplands is no longer used. The maturing trees on the steeplands will 
increasingly stabilise the soils by their root-binding effect. Consequently future 
erosion rates on the steeplands are likely to decrease. 
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LAND STABILITY ON COUPE NI114A AND ADJACENT 
STEEPLANDS 

 
1. INTRODUCTION 
Coupe NI114A has been the subject of several scientific studies into soil erodibility and 
erosion hazard, effects of roading, effects of partial forest harvest on water quality and 
quantity, and effects on land stability both within the coupe and outside it. Land stability 
issues have been covered by the reports of Sloane (1976), Crowden (2003), McIntosh (2003, 
2005), Stapledon (2004), Rallings (2004), and van der Maeson (2005). The last three reports 
were commissioned by a group of St Marys residents. Further reports (Rallings 2005; 
Stapledon 2005; McIntosh and Weldon 2005) were prepared as evidence to the Resource 
Management and Planning Appeals Tribunal, but not presented as the Tribunal hearing was 
cancelled. A report by McIntosh (2006) documented further fieldwork on landslide features 
near the Dublin Town Road. 
 
1. Aims of study 
The coupe itself and the ‘active landslip area’ defined by Sloane (1976) and the steeplands 
south of the coupe were examined in some detail in three field visits by the author, so that: 

• the extent of past and present instability could be better defined; 
• causes of instability could be determined, where possible; and  
• the potential effects (if any) on steepland stability of the proposed harvest on NI114A 

could be scientifically assessed on the field and published evidence. 
 
1.2. Date of visits 
Visits were on 14 October 2003 and 16 March 2005 in the company of A. Crowden, Senior 
Planner, Forestry Tasmania; on 24 March, in the company of local landowner A. Crook and 
his son M. Crook; on 6 April in the company of C. Calver, Geologist, Mineral Resources 
Tasmania; and on 10 and 11 May in the company of M. Laffan, Soil Scientist, Forestry 
Tasmania and A. Crowden. Further visits were made on 24 July 2005, 16 and 19 September 
2005 and on 8 February 2006. 
 
1.3. Geology 
The geology of the South Sister area is shown in Figure 1, derived from the 1:50 000 map of 
the Tasmania Department of Mines (1984). Figure 3 is a simplified cross-section from South 
Sister to the Jubilee mine area. Baillie and Calver (1980) described the regional geology. The 
peak of South Sister is formed from Jurassic dolerite (Jdl). The dolerite has been intruded as a 
sill over coal-bearing Triassic sandstone (Rl) which is about 250 m thick. The sandstone in 
turn overlies Triassic basalt and older Permian mudstones.  
 
 
 

 
 

Figure 1.  Geology of the NI114A area. 
From Tasmania Department of Mines (1984). 
Jdl = Jurassic dolerite; Qptd = Quaternary 
talus derived from Jurassic dolerite; Rl = 
Triassic sandstone and siltstone with coal 
measures; Rls = Triassic sandstone. Grid 
squares are 1 km across. The dotted oval line 
shows the approximate extent of the ‘active 
landslip area’ identified by Sloane (1976). 
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Dolerite is a hard but jointed rock. Freeze-thaw processes in cold glacial periods have 
physically broken up in-situ dolerite around South Sister peak and formed bouldery slope 
deposits extending up to 4 km from rock outcrops. Caine (1983) outlined the processes 
involved. These bouldery deposits are mapped as Quaternary dolerite talus (Qptd) and 
obscure most of the underlying Triassic coal-bearing rocks (mapped as Rl), both on the gentle 
slopes around South Sister and on the steep slopes further south. The talus deposits form two 
units, may be more than 130 m thick, and the boulders forming them may be several metres in 
diameter (Baillie and Calver 1980). The lower unit (named Unit 1 in this report) has 
moderately to strongly weathered dolerite stones, which have partly decomposed to form clay 
which in some places is a reddish colour (Figure 2A). The upper unit (named Unit 2 in this 
report) contains abundant weakly-weathered dolerite stones and boulders (Figure 2B). Unit 2 
is likely to date to the Last Glacial (c. 10 000–70 000 years B.P.) and the more weathered 
Unit 1 may date to an earlier glaciation (>100 000 years B.P.). Near the South Sister peak 
Unit 2 is layered (Figure 2B), but on the steeplands stones and boulders are chaotically 
distributed (Figure 7B). The presence of weakly weathered dolerite stones and boulders 
within red-weathered material suggests that many deposits on the coupe are mixtures of Units 
1 and 2. 
 
 

 
 
 
 

A

B 

Figure 2.  A. Strongly weathered dolerite talus 
(Unit 1). Note that most of the dolerite stones can 
be cut with a spade. The soil contains a high 
proportion of clay. Photograph by P. McIntosh, 
16 March 2005.  B.  The deposits of dolerite talus 
Unit 2 near the South Sister peak. The stones are 
less weathered (fresh or weakly weathered) and 
cannot be cut with a spade. This outcrop shows 
layering of coarse deposits over finer deposits. 
Photograph by P. McIntosh, 6 April 2005. Note: 
many soils on coupe NI114A are formed in 
mixtures of Unit 1 and Unit 2; such mixtures 
probably formed as fresh dolerite talus (Unit 2) 
moved over the older clay-rich deposit (Unit 1), 
incorporating some of it. Such mixed deposits 
were not noted on steeplands. 



Forest Practices Authority – Land Stability on Coupe NI114A and adjacent steeplands 7

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.  Sketch cross section through South Sister peak and land to the south, showing surface 
geology (dolerite and dolerite talus), the underlying geology, and observed streams and springs. Not to 
scale. For simplicity only the major coal seam is shown. The dolerite talus is shown as two layers – an 
upper more recent layer (Unit 2) overlying an older layer (Unit 1) (see text). The older layer is 
obscured on most of the coupe and on slopes and may not be as continuous as shown in this sketch. 
The dashed blue arrow indicates the conjectural path of deep water seepage. Lateral seepage within the 
dolerite talus layers also occurs, as evidenced by occasional springs and streams near the southern 
steeplands. 
 
Coal mining commenced at the Jubilee Mine in 1897 and at the Cardiff Mine in 1901 (Bacon 
1983). Production at the Jubilee Mine was hampered by water problems and roof collapse, 
and a ‘large landslide’ occurred in 1950. Bacon (1983) did not specify where this landslide 
was or why it happened. Coal production stopped in 1960. The smaller Cardiff mine produced 
little coal after 1917. 
 
1.4. Landslide types 
As this report considers slope instability issues it is useful to define the terms used to describe 
materials forming landslides and their types of movement. The Australian Geomechanics 
Society (AGS Subcommittee 2002) has defined three materials in which landslides form: 
rock, earth and debris. 
• Rock is a hard or firm mass that was intact and in its natural place before movement 

began. 
• Earth describes material in which 80% or more of the particles are smaller than 2 mm, 

the upper limit of sand-sized particles. 
• Debris contains a significant proportion of coarse material. 20% to 80% of the particles 

are larger than 2 mm diameter, and the others are smaller than 2 mm. 
 

The types of movement are defined as (a) fall; (b) topple; (c) slide; (d) spread; and (e) flow. 
Only topples, slides and flows are significant on the land in and around coupe NI114A. These 
types of movement are illustrated in Figure 4. 
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Combining the descriptive terms for both material and movement produces a basic landslide 
classification, e.g. rock fall, rock slide, debris flow, debris slide. 
 

• Rock topples (Figure 4 (i)) are a familiar sight in dolerite terrain in Tasmania, where 
the jointed dolerite rock has become unstable, especially at the edges of outcrops 
(Caine 1983). 

• Rock slides (Figure 4 (ii)) commonly occur where hard rocks (e.g. sandstone) overlie 
softer rocks (e.g. siltstone or mudstone). As indicated in Figure 4 (ii) the failure plane 
can be deep. The blocks forming the rockslide may remain relatively intact and rotate, 
so that some rockslides may be described as rotational slides. The effect of the 
rotation is to create a backwall, a backwall depression (which may be poorly drained 
and contain standing water), hummocky ground, and a toe.  

• Earth flows or Debris flows (Figure 4 (iii)) are generally shallower than rock slides 
and can be divided into an upper erosional zone (the source of the material) and a 
lower depositional zone. The two zones may be separated by a narrow neck. 

 
In many landslides water plays a key role by lubricating slip planes. It must be remembered 
that processes not presently active (e.g. freeze and thaw under periglacial conditions, 
snowmelt) may also have caused movement and instability (e.g. Caine 1983; Rosenbaum 
1996; Ahnert 1998). Thus landslides can be classified on the basis of their activity, e.g. Active 
Debris Flow, Inactive Rock Slide (AGS Subcommittee 2002, table B1). 
 

 

Figure 4. Three types of landslide  
movement, as defined by the AGS 
Subcommittee (2002). (i). Topple. (ii). 
Slide. (iii). Flow.  

(i) (ii)

(iii) 
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1.5. Previous work in the South Sister area 
 

1.5.1. Report of Sloane (1976) 
The report of Sloane (1976) chiefly dealt with landslides in relation to road construction. He 
mapped an area of active landslides immediately south of coupe NI114A (Figure 1) and 
commented:  
 

• ‘Areas underlain by Triassic rocks and with slopes of about 15o or less are considered 
reasonably stable . . .’   

• ‘Failure has occurred as a result of the steep slopes and the saturation of the veneer of 
clayey talus material in seepage areas.’ Sloane suggested that slips were associated 
with ‘groundwater moving along the Triassic bedrock–dolerite talus interface’ but did 
not provide field evidence to support this statement. 

• ‘Recent ‘fresh’ landslips probably occurred during the winters of 1974 and 1975 
when unusually heavy rainfall occurred.’  

 
1.5.2. Report of Crowden (2003) 

This email communication to the Forest Practices Board explained why steeplands were 
excluded from the harvest area: 
 

this coupe has signs of old slumping, subsurface drainage, backwalls etc on the steeper slopes 
along Dublin Town Road and South Sister Road which has [sic] been excluded from harvesting 
due to flora and geomorphological and soil & water issues. Also the steep slopes south of the 
coupe have been excluded in the couping up procedure in the past. I think the excluded area will 
exclude the majority of potential landslip problems.                                                                                                                

 
1.5.3. Report of McIntosh (2003) 

The purpose of the McIntosh (2003) report was to identify whether tree harvest would have 
detrimental effects on soils and water. McIntosh (2003) identified two adjacent landslides in 
the northeast of coupe NI114A, one close to the Dublin Town Road and the other at a higher 
level above the ‘Telstra track’ (Figure 13). Neither was considered to be presently active 
(there was no evidence of fresh scarps, hummocky ground, soil cracks or distorted trees1) but 
both were excluded from the coupe harvest area as a precaution against the possibility of 
further movement, to protect the steep backwall areas, and also to protect the quality of the 
domestic water drawn from a pond situated in the basin of the lower landslide.  
 

Comment. The soils in the proposed harvest area are formed in dolerite talus on gentle 
slopes and accumulated by erosion in a very different climate to that presently prevailing. 
The soils are now stable. The steeplands south of the coupe were not formally surveyed 
because they had already been excluded as part of the coupe planning process (Crowden 
2003). The planned harvest boundary was at least 50 m distance from significant areas of 
steep land and known active landslides and such buffers were considered by the FPO in 
charge and the FPB Soil and Water Scientist to be sufficient to protect the steeplands 
from any harvest influence. 

 
1.5.4. Report of Stapledon (2004) 

Stapledon’s (2004) report was largely a discussion of the report by McIntosh (2003) and was 
not based on a field inspection. Stapledon took issue with McIntosh’s (2003) interpretation of 
the landslides in the northeast of coupe NI114A and seemed unaware that these landslides had 
been excluded from the harvest zone, with a no-harvest buffer zone being defined around 
them. 
 

                                                 
1 Distorted trees on the steep backwall of the upper landslide were noted on the visit of 10 May 2005. 
See Figure 15. 
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1.5.5. Report of Rallings (2004) 
Rallings’ (2004) report described the main landslides in the South Sister area, including a 
recent (1960) deep-seated bedrock slide in Triassic sandstone on an area of Seaview Farm 
cleared of forest cover. Rallings also reported on a batter collapse on the Dublin Town Road, 
two slides at mining sites, and the landslide in the northeast corner of the coupe mentioned by 
McIntosh (2003). Rallings (2004) suggested that further studies were required to predict the 
potential effects of the proposed coupe harvest on the surrounding landscape. He also 
discussed the geomorphology of South Sister peak. 
 

Comment.  On South Sister peak the tilted dolerite outcrop and the valley Rallings (2004) 
described probably result from a dolerite ‘topple’ (Figure 3 (i)) by freeze and thaw in the 
Last Glacial, i.e. about 10 000 years to 70 000 years ago. Similar features in dolerite 
terrain were described by Caine (1983). Rallings proposed that a landslide south of the 
coupe could be reactivated by groundwater lubrication of the dolerite talus/Triassic 
sandstone (Rl unit) contact. Field evidence in support of this proposition was not 
provided. 

 
1.5.6. Report of van der Maeson (2005).  

Van der Maeson (2005) did not make new observations on land stability but quoted from 
Sloane (1976). 

 
1.5.7. Report of McIntosh (2005) 

McIntosh (2005) commented on the above three last-mentioned reports, pointing out that: 
 

Much of the information on landslide risk concerns steep areas which are either some distance 
from the coupe or have already been excluded from the coupe. It is important to note that the 
coupe harvest area contains no steep land2. . . The harvest area is neither steep nor does it show 
signs of present instability. The soils have low erodibility and are among the most resistant to 
degradation in Tasmania. Elsewhere in the state, forest on similar soils has been harvested without 
negative environmental effects. 

 
1.5.8. Report of Stapledon (2005) and Rallings (2005) 

These reports were prepared as proof of evidence for the planned RMPA Tribunal hearing of 
June 2005. (As this hearing was postponed and later cancelled, the reports were not 
presented.) Stapledon (2005) postulated that a deep seated rock slide (rotational slump) 
occurred in the northeast of the harvest area and he labeled this landslide Slide B.He 
commented on possible slump features elsewhere, as well as on features outside the harvest 
area. Rallings (2005) first summarised the theory of landslide movement. He recommended 
excluding all east-facing slopes (Zone E in his figure 1) from harvest but he described the 
south-facing slopes as ‘not as steep as Zone E and [they] do not present such an 
obvious/serious risk.’ He considered the ‘unknowns’ to be (1) the stability of the land below 
the coupe; (2) the impact of harvest on groundwater; and (3) the condition of the abandoned 
mine. 
 

1.5.9. Rainfall records 
Bureau of Meteorology daily rainfall records for St Marys for the period 1950–2004 were 
obtained from I. Barnes-Keoghan of the Bureau of Meteorology (email communication, 13 
April 2005). High intensity rainfall is a feature of the east coast region. Between 1950 and 
2004 inclusive there were 59 days on which daily rainfall exceeded 100 mm, i.e. high 
intensity rainfall occurred, on average, once a year. On six of these days rainfall exceeded 200 
mm. High intensity rainfall is less common during June–November than during December–
May.  
 

                                                 
2 Short slopes of 20o or more do in fact occur around rocky outcrops. 
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As Sloane (1976) suggested that landslides in the region resulted from 1974 and 1975 winter 
rainfall, rainfall records for these years were examined. There was an exceptional period of 
prolonged and heavy rainfall in March–April 1974 (but not in the winter months of June–
August). The rainfall between 11 and 13 March inclusive was 63 mm. On 22 March 201 mm 
of rain fell. A further 187 mm fell between 23 March and 25 April inclusive. Between 26 and 
30 April a further 389 mm or rain fell. Thus a total of 777 mm of rain fell over 35 days.  
 
A further 247 mm fell in November 1975, but this downpour was not preceded by high 
rainfall, so is unlikely to have had as marked an effect as the 1974 rainfall. Sloane's (1976) 
comment that winter rainfall was responsible for landslides appears to be incorrect. 
 

Comment: The rainfall on the steeplands around NI114a (550–650 m altitude) is likely to 
be higher than at St Marys (258 m altitude). The 1974 extreme rainfall event might have 
induced instability: the 201 mm of rainfall on 22 March, following 63 mm of rainfall in 
the same month, is likely to have brought the soils of the steeplands up to field capacity, 
and to have saturated subsoil layers. Rainfall of 187 mm in the next 34 days (23 March–
25 April) would have maintained the soils in this state. The 389 mm of rainfall between 
26 April and 30 April, falling on the already wetted and partly saturated soils would have 
increased the risk of landslides. 
 
It is pertinent to consider the mitigating influence of forest transpiration during periods of 
heavy rainfall. In wet temperate areas of Victoria, receiving about 1400 mm of mean 
annual rainfall, the overstorey trees transpire and intercept 240–330 mm of rainfall, as 
measured by the increase in streamflow when trees are harvested (Vertessy 1999, figure 
5; Holmes and Sinclair 1986). If we assume that the maximum average loss from trees is 
about 1 mm of moisture per day, then during the 35-day period described above (22 
March–25 April 1974) the trees would have evapotranspired or intercepted 35 mm of 
rain, i.e. 4.5% of the incoming rainfall. During the downpours of 26–30 April they would 
have evapotranspired or intercepted 5 mm of rain, i.e. only 1.3% of the incoming rainfall. 
(During cloudy humid conditions evapotranspiration and interception losses would be 
limited, so these values may be overestimates.) The small proportions of moisture 
evapotranspired by the trees mean that almost all the 389 mm of rain falling in the last-
mentioned 5-day period would have infiltrated into the soil and/or have been transmitted 
as surface and stream runoff.  
 
This simple calculation demonstrates that when heavy or persistent rain falls on ground 
that is already at field capacity or saturated, evapotranspiration and interception losses by 
trees will play only a very minor role in decreasing infiltration and runoff.  
 
An important corollary is that when soils are in this state the physical properties of the 
soil and the soil-binding properties of roots will have far more influence on maintaining 
soil stability than the daily water losses from trees. 
 
1.5.10. Air photographs 

Air photographs are available for 1949, 1972 and 1979. The 1949 air photograph shows 
limited selective harvest around South Sister (Appendix 1). The 1972 shows selective harvest 
on the rolling land and many snig tracks; it also shows evidence of harvest on the steeplands. 
A fresh landslide scar about 60 m diameter upslope from, and adjacent to the access track, and 
in the vicinity of Site A11 (see below) must have occurred shortly before the 1972 air 
photograph was taken. The cause of this landslide cannot be deduced with any certainty from 
air photographs alone, but as the landslide is immediately upslope of the mine access track, 
road batter collapse caused by soil saturation after heavy rain must be suspected. The 1979 
photograph shows extensive forest regeneration since 1972 and no fresh scarps are visible. No 
instability attributable to the 1974 heavy rainfall is discernible in the 1979 air photograph. 
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1.5.11. Forestry activity 

The Forest Practices Authority (FPA) is informed of all landslides recorded on State Forest 
and commercial forested land. In the last eight years the FPA has not been notified of any 
landslides on steeplands resulting from selective harvest on adjacent land which indicates the 
minimal effects of selective harvest on the land stability of adjacent areas. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.  Sketch map showing sites visited in the southeastern steepland area A, and the main 
geomorphological features noted. Grid squares are 1 km across. The orange line shows the proposed 
harvest boundary. The positions of sites and features shown are approximate. 
 
 
2. FIELD OBSERVATIONS 
Field observations were made in three areas: 

• Area A, in the steeplands east of the Jubilee coal mine, southeast of the proposed 
harvest area (Figure 5); 

• Area B, in the steeplands west of the Jubilee coal mine, southwest of the proposed 
harvest area (Figure 12); and 

• Area C, northeast of the proposed harvest area, and the adjacent steeplands (Figure 
13). 
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2.1. Area A, east of Jubilee coal mine 
The area studied broadly corresponds to the ‘active landslip area’ defined by Sloane (1976). It 
is entirely outside the harvest area of coupe NI114A and is predominantly on steep (>19o) 
land. Sites visited are shown in Figure 5. Sites 1–8 were visited on 16 March 2005. Sites 9–11 
were visited on 24 March 2005.  
 
Site A1. Slope 14o. Dolerite talus. Bench 20 m wide containing slight basin. Trees straight. 
No seepage visible. 
 

Interpretation: Either a periglacial feature formed during widespread instability >10 000 
years ago, or a bench formed by underlying sedimentary rocks, or an ancient landslide 
(rock slide). There is insufficient evidence to determine the origin of this feature. 

 
Site A2. Slope 38o. Two parallel debris flows about 10 m wide and 50+m long occur in 
dolerite talus (Unit 2). No sandstone is visible. No spring or seepage is evident. Young trees 
on landslide are less than 50 years old.  
 

Interpretation: These are recent debris flows probably resulting from heavy rain 
following forest harvest on the steeplands. The debris flows may be caused by movement 
of the dolerite talus layer Unit 2 over the older dolerite talus Unit 1. 
 

Site A3. The landform is a 50m-wide fan deposit at the foot of the landslide zone (Site A2). A 
5 m-wide gully passes through the centre of the fan. A Eucalyptus brookeriana tree estimated 
to be 80–100 years old is growing on the deposit. A boulder 6 m x 6 m occurs at the edge of 
the fan (which is on the northern side of the walking track). 
 

Interpretation: The fan may have formed following forest clearance and/or mining 
activity, or may be older. 

 
Site A4. The stream gully here is 12 m wide and 2–3 m deep. The gully sides are formed from 
very bouldery weakly weathered dolerite talus (Unit 2). No sandstone bedrock is visible. This 
gully extends upslope to sites A6 and A7. 
 

Interpretation: Mr O. Smith of 5 Hugh Street, St Mary’s, who worked at the Jubilee and 
Cardiff coal mines intermittently until 1960, informed A. Crowden and P. McIntosh on 16 
March 2005 that this gully developed in 1950 (or thereabouts) as a result of an adit being 
excavated into the hillside. This statement could not be verified in the field as the adit 
could not be found; its entrance may have been eroded or covered by debris. This gully 
may be a candidate for the 1950 landslide mentioned by Bacon (1983). 

 
Site A5. This is a broad area of wattles and young forest 200–300 m wide, which contains a 
debris flow on a slope of approximately 23o. The exact dimensions of the debris flow were not 
measured. It is formed entirely in dolerite talus. No evidence of sandstone bedrock was seen. 
No spring or seepage was visible in either autumn or winter. A large dislodged cut tree stump 
was observed in the debris (Figure 11B), showing that the area was logged before movement 
occurred. 
 

Interpretation. Although this debris flow is within the area of instability noted by Sloane 
(1976) and includes the area of a small landslide noted near the access track in 1972 (see 
Appendix 1) it does not appear in the 1979 air photograph. I conclude that the debris flow 
occurred after 1979, but before the Forest Practices Code governed harvest operations 
(1987). 

 
Note: The debris flow and its origin were examined in more detail in the visit of 24 March 
(see site A11 and Figure 7). 
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Site A6. The gully noted at Site 4 continues upslope. Here it is 2–5 m deep and about 10 m 
wide (Figure 6). The deposits visible in the gully sides are all weakly weathered very stony 
dolerite talus (Unit 2). 
 

Interpretation: The uppermost weakly-weathered dolerite talus deposit (Unit 2) is at least 
5 m thick. The gully may be the result of a 1950 landslide, as discussed above (Site A4). 
 

Site A7. The gully noted at sites 4 and 6 begins here, where an old snig track crosses the 
Class 4 stream. Upstream from this point the Class 4 stream channel is broad and shallow and 
only litter movement shows that water has flowed on the surface – there is no stony channel. 
 

Interpretation: The gullying appears to have been created by disturbance at the stream 
crossing. Either the crossing construction has created a waterfall effect downslope which 
has helped to erode the channel, or snigging has occurred in the stream, or both 
disturbances have occurred. The gully could also be the scar left by a debris-flow 
landslide, since eroded further by the stream 

 
Note: The crossing was examined in more detail in the visit of 24 March (see site A11). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
Site A8. A small depression occurs here, bounded by a large dolerite boulder dolerite upslope 
and a large dolerite block 5–8 m wide downslope.  
 

Interpretation: It appears that the depression has formed when the dolerite talus was 
being deposited during the Last Glacial – a very large block has split into two, and the 
lower block has moved downslope (on frozen ground?) leaving a depression behind it. 
 

Site A9. This is Mr Crook’s house site on his upper subdivided plot. The site is a natural 
bench about 40 m wide, formed in dolerite talus. Mr Crook says the area was previously used 

Figure 6.  Stream gully looking 
downstream from site A6, showing 
very stony dolerite talus deposits (Unit 
2), recent erosion (exposed roots) and 
the entrenched nature of the stream. 
Photograph by P. McIntosh, 16 March 
2005. 
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for stock holding pens when the area was farmed. Dolerite talus is visible in the cutting at the 
north side of the bench, where there is slight seepage. A partly cleared area now extends 
upslope from the bench and at one point a subsurface channel is visible – there is a subsurface 
stream running down the centre of the cleared area. This stream originates in a seepage area in 
coal measures exposed in the culverted road cutting on the South Sister Road immediately 
south of the Cardiff coal mine. There is no evidence of past or present instability (e.g. 
backwalls, cracks in the soil, distorted trees). The site is considered to be stable.  
 

Interpretation. The surrounding steeplands here appear to be stable, as does the natural 
bench itself. The seepage in the coal measures outcropping upslope is not associated with 
land instability. Subsurface drainage is common in dolerite talus terrain (McIntosh 2001). 

 
Site A10. Another bench 40 m wide is present 50 m from Site A9. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.   The debris flow backwall, sites A11 and A5. A. The debris flow backwall showing the thick 
dolerite talus deposits (Unit 2) containing boulders up to 4 m diameter (arrowed, partly obscured by 
young trees) and angular stones and gravels. The deposit is derived from the in-situ dolerite rock 
around the South Sister peak which is about 800 m upslope. Very little movement of surface rocks is 
occurring today, so the talus deposits are assumed to be the results of processes acting during glacial 
periods. B.  At about 5 m depth there is a palaeosol (buried soil) that marks the top of dolerite talus 
Unit 1 (see arrow). The palaeosol is 20–30 cm thick and has a greyish brown colour and contains coal 
fragments. Unit 1 contains more clay than Unit 2. In-situ bedrock is not visible. Nowhere along the 
backwall scarp is there evidence of groundwater seepage. Photographs by P. McIntosh, 24 March 
2005. 
 
Site A11. This site in on the same debris flow examined at Site A5. The debris flow toe has 
over-ridden the access road to the Jubilee mine (shown as the ‘walking track’ in Figure 5) and 
therefore the landslide occurred after the mine closure in 1960. As this landslide is a major 
feature it was studied in some detail. 
 
Debris flow backwall.  The debris flow backwall is 5–6 m high (Figure 7A) and is formed in 
weakly weathered angular stony and bouldery dolerite talus (90% stones and boulders). Some 
boulders are up to 4 m diameter. A few fragments of siltstone and coal measures are present 
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within Unit 2 of the dolerite talus but were estimated to account for less than 1% of the whole 
deposit. The fine fraction has a clay loam texture (estimated 30% clay) and strong brown 
(7.5YR4/6) colours. No mottles were present and the deposit is estimated to have moderate or 
high permeability (McDonald et al. 1998).  
 
At about 5 m depth there is a palaeosol (buried soil) that is 20–30 cm thick (Figure 7B). This 
is the top of lower dolerite talus layer (Unit 1). The palaeosol matrix has a greyish brown 
(10YR3/2) colour, and a clay texture (estimated 60% clay) and contains abundant weakly and 
moderately weathered dolerite stones and boulders and common coal fragments. Because of 
its high clay content and firmness the palaeosol is estimated to have slow permeability 
(McDonald et al. 1998). 
 
Below the palaeosol is a partly exposed yellowish brown (10YR5/6) clay layer (Figure 7B) 
(estimated 60% clay) with abundant small weakly and moderately dolerite stones and 
boulders and abundant light olive grey (5Y6/2) and strong brown (7.5YR6/8) mottles. A soft 
iron pan (7.5YR6/8) 1 cm thick occurs at the boundary of the palaeosol and the mottled layer 
below it. The lower part of the mottled layer is obscured. The palaeosol and the layer below it 
are defined as dolerite talus Unit 1. Because of its high clay content, and mottling indicating 
periodic water-saturation, the exposed part of Unit 1 is estimated to have slow or very slow 
permeability (McDonald et al. 1998). 
 
No seepage or spring was observed. No in-situ bedrock (Triassic sandstone or coal measures) 
is visible in this exposure. 
 

Interpretation: Both Unit 1 and Unit 2 contain small amounts of Triassic rocks derived 
from outcrops or obscured deposits upslope. The dolerite talus formed in two stages. The 
upper deposit (Unit 2) is likely to date to the Last Glacial (c. 10 000–70 000 years B.P.) 
and the more weathered clay-rich lower deposit (Unit 1), including the parent material of 
the palaeosol, may date to an earlier glacial (>100 000 years B.P.). The palaeosol itself 
probably developed in the last interglacial period, in a similar manner to present-day 
(interglacial) surface soils. 
 
There are two possible mechanisms for the formation of the debris flow: (1) groundwater3 
seepage at the dolerite/sedimentary rock contact; or (2) saturation of the Unit 2/Unit 1 
contact after heavy rain. 
 
With regard to mechanism (1), no seepages or springs are present, and the contact of the 
dolerite talus Unit 1 with the underlying sedimentary rocks is not exposed. Therefore I 
conclude that the debris flow is unlikely to have resulted from groundwater-induced 
instability at the dolerite talus/sedimentary rock contact. 
 
The evidence supports mechanism (2). The mottling in the upper part of dolerite talus 
Unit 1 indicates that this unit is periodically waterlogged. The slip plane is likely to have 
approximately coincided with the slowly permeable top of Unit 1. After heavy rain the 
risk of slippage on the 20o slope would increase. Other factors favouring slippage would 
be (1) harvest of trees on the slope; (2) disturbance downslope; (3) a supply of water to 
the top of the landslide. 
 

                                                 
3 In this report groundwater is considered to be subsurface water originating from underground storage 
in aquifers. This follows general usage. See, for example, the definition of groundwater by the United 
States Office of Environmental Information, U.S. Environmental Protection Agency: ‘The supply of 
freshwater under the earth's surface in an aquifer or soil that forms the natural reservoir for man's use.’ 
Groundwater so defined does not include water temporarily held in saturated or unsaturated soil or 
short-term accumulation as perched water. 
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The area above the debris flow was investigated to determine whether factor 3 might have 
contributed to the debris flow movement. 
 
 

 
 
Figure 8.  Sketch map of the upper part of the landslide at Site A11 and the main features mentioned in 
the text. (P) indicates photograph printed in this report. All distances and positions of features shown 
are approximate. 
 
Investigations upslope (Figure 8). A snig track which was probably used during a pre-Code 
steepland harvest operation has been abruptly terminated by the top of the landslide (Figures 8 
and 9), showing that the landslide post-dates tree harvest. When followed uphill in a 
northwesterly direction it was noted that the snig track was eroded to a depth of 80–100 cm in 
places (see black shading in Figure 8, and Figure 10) indicating that water has been flowing 
down it. The snig track was traced continuously to the stream crossing described (Site A7 
above; Figure 8). Immediately east of the crossing it was evident (from boulders in branches 
above the present land surface) that water had once flowed down the snig track from the 
diverted stream. 
 
There was evidence of two closely-spaced crossings of the stream (Figure 8). The stream now 
flows along its original course in a confined gully (Figure 6) and diversion of water down the 
old snig track no longer occurs. 
 
There are cut stumps immediately above the landslide and west of the landslide (Figure 11) 
and the size of the presently regenerating trees indicates that harvest here occurred about 50 
years ago.  
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Figure 9.  A.  The snig track approaching the top of the landslide (the light area in the distance) taken 
from about 20 m uphill of the backwall scarp.  B. The snig track ‘disappearing’ over the edge of the 
backwall scarp of the landslide. The dotted line marks the upslope margin of the bulldozed track. See 
Figure 8 for a map of the snig track.  Photographs by P. McIntosh, 24 March 2005. 
 
Summary of deduced debris flow mechanism. Determining the precise causes of the debris 
flow is difficult as it probably occurred over 20 years ago in two stages (pre-1972 and post-
1979). However, the field evidence described above supports the following as a reasonable 
reconstruction of the sequence of events: 
 

• The road to the Jubilee mine cuts through a wet area of dolerite; forest harvest plus 
water diversion down a snig track caused the small landslide visible on the 1972 air 
photograph.  

• During heavy rainfall sometime after 1979 the lower dolerite talus layer (Unit 1) 
became saturated. 

• At the same time the snig track diverted some or all of the flow of the Class 4 stream 
into the vicinity of the top of the debris flow.  

• The young vegetation on the site (regenerating after harvest a few years previously) 
did not have the root-binding capacity to hold the upper layer (Unit 2) in place.  

• A substantial debris flow resulted.  
 
Comment: Diversion of water by tracks and roads has been implicated in landslides and 
erosion in the forest estate elsewhere (e.g. on the Lottah Road following heavy rain in 
January 2004 (McIntosh 2004b)). The debris flow (Figure 8) can no longer be activated 
by the same mechanisms that caused the instability as deduced above because the stream 
has now reverted to its original course. The debris flow is gradually being naturally 
revegetated and this will also help to maintain its stability. 

A B
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Mine adits. In the vicinity of the old mine access track the local landowner (A. Crook) 
reported that there were two adits (horizontal shafts) that may have collapsed and contributed 
to land instability. No evidence of mine workings was seen in the vicinity of the debris flow 
but there is no reason to doubt the local knowledge. Maps of the mine workings indicate that 
coal was worked within 100 m of the mine access track, so it would have been logical to 
extract coal from the mine via adits opening onto the access track. 
 

Interpretation. Mine adits may have contributed to slope instability, but field evidence is 
no longer extant. 

 
 

 

Figure 10.   Water erosion on the old 
snig track illustrated in Figure 8.  A. 
Lower part of snig track, looking uphill. 
The pink tapes marks the channel, which 
here is about 8 m long. B. The upper 
track, showing erosion about 80 cm 
deep. C.  An erosion step about 60 cm 
high. Photographs by P. McIntosh, 24 
July 2005. 
 

A B 

C
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Figure 11. A.  Cut stumps immediately above the landslide scarp, which is to the right (south) of the 
photograph. The trees on this slope are estimated to be about 50 years old, so the harvested trees were 
cut before the first Forest Practices Code was introduced in 1987 to govern harvest operations.  B.  A 
dislodged cut stump on the landslide debris, probably cut during the same period of harvest activity. 
Photographs by P. McIntosh, 24 March 2005 and 24 July 2005. 

 
 

2.2. Area B, west of Jubilee coal mine 
Figure 12 shows the sites visited on 6 April 2005 in the company of C. Calver, a geologist 
working with Mineral Resources Tasmania. 
 
Site B1. The stream immediately west of Jubilee mine flows over sandstone and coal 
measures. It is eroded. As the surrounding trees are estimated to be 50–60 years old the 
erosion probably occurred during mining. 
 

Interpretation: Erosion of the stream bed has resulted from mining disturbance. 
 

Site B2. This is a large rock slide (rotational bedrock slump) about 80 m wide along the 
contour and 60 m wide downslope. The slump surface is undulating. It has a sandstone 
backwall about 5 m high. In addition 1 m fresh scarps and cracks indicate recent movement. 
The trees (Eucalyptus brookeriana) are estimated to be 120 years old and several are tilted 
northwards (as a result of the rotation) but have a curve in their top third, indicating that an 
adjustment to ground movement occurred about 40 years ago, possibly in the 1960s. The 
landslide may have occurred in the 1960s, but this is a rough estimate. 

 

 
A 

B
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Interpretation: Seepage from an aquifer in the coal measures may have caused instability 
here. Coal measures were not exposed in the slump but seepage and springs originate 
from near the coal measures nearby at lower altitude (McIntosh 2004a), and the Jubilee 
coal mine itself was plagued with water problems (Bacon 1983). This is the only active 
rock slide (rotational slump) noted in this report. 
 

 

 
 
Figure 12. The steeplands west of the Jubilee mine (area B), showing sites visited (1–9). Site 2 is a 
recently active rotational slump. Site 3 is an inactive rotational slump. Sites 4, 5 and 9 are scarps of 
uncertain origin. Site 6 is a recently active debris flow. Site 8 is an inactive debris flow. Grid squares 
are 1 km across. Orange line marks harvest boundary. All site positions are approximate. 
 
 
Site B3. Another rock slide (rotational bedrock slump) 100 m wide occurs here. Trees on the 
landslide area are straight and about 80 years old. The slide is not active. 
 

Interpretation: Inactive bedrock landslide.  
 

Site B4. Scarp 3 m high in dolerite talus (Unit 2) on an overall slope of 20o. Downslope is a 
slight depression about 15 m wide, then a low hill. The scarp follows the contour line and is 
about 100 m long.  
 

Interpretation: The morphology of the scarp and the depression indicates that it may 
either be an ancient landslide or a solifluction lobe similar to features described in the 
dolerite terrain of Ben Lomond (Caine 1983). There is insufficient evidence to come to a 
firm conclusion on its origin. 
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Site B5. Another scarp and bench on a slope of 20o.  
 

Interpretation: Same as for Site B4. 
 
Site B6. Debris flow 20 m wide and 100 m long with moraine-like walls about 1 m high. 
Slope is 24o. The debris flow is very bouldery dolerite (Unit 2). There is some water seepage 
in the backwall but no evidence of either sedimentary rocks or a slip plane on sedimentary 
rocks. Young eucalypts and dogwood on the disturbed land are probably about 20–30 years 
old. The landslide is within 20 m of the adjacent stream channel (Site B7). 
 

Interpretation: It seems likely that subsoil saturation in the lower dolerite talus layer (Unit 
1) has caused the debris flow, possibly after heavy rainfall. 

 
Site B7. Class 4 stream developed in dolerite. Gully sides are stable and have 20o slopes. 
There are no erosion features in the stream. 
 
Site B8. Old landslide 20 m wide and 40 m long. Slope is 19o. Two very large dolerite 
boulders several metres across occur in the landslide debris flow. A eucalypt growing 
between the boulders is estimated to be 120 years old. The landslide shows no sign of recent 
movement. No bedrock was evident. 
 

Interpretation: Following heavy rain, the very large boulders may have moved over the 
water-saturated talus layer beneath them, pushing debris in front of them like a bulldozer, 
and leaving a scar in their wake. 

 
Site B9. 100 m bench developed in dolerite talus. 
  

Interpretation: The bench is possibly bedrock controlled, or alternatively is the flat 
portion of a previously-active solifluction lobe (Caine 1983), or is the result of an ancient 
landslide. There is insufficient evidence for a firm conclusion on the feature's origin to be 
reached.  

 
2.3. Area C, northeast part of coupe and harvest area 
This area was visited on 14 October 2003 and on 16 March 2005. On the 2003 visit two 
landslides were identified in the northeast corner of the coupe (Figure 13, sites C1 and C2). 
The third landslide (Figure 13, site C3) was first noted by Stapledon (2005) and investigated 
on 10 May 2005. 
 
Site C1. The lower (smaller) landslide (Figure 14) of the northern pair has a pond which is 
used as a water supply for several residents. It is about 80 m wide and has a very steep 
backwall which has a slope of 35o. No in-situ dolerite was noted. Trees were straight and not 
distorted. 
 

Comment. This landslide is inactive. Whether it is a debris slide, debris flow or a more 
deep-seated rock slide is uncertain. It has been excluded from the harvest area because of 
the necessity to protect the E. brookeriana forest type, the domestic water intake, and the 
steep slopes. 

 
Site C2. The upper (larger) landslide (forming part of Slide A of Stapledon (2005)) (Figure 
13) is about 150 m wide. Its backwall is very steep (40o) and is formed in part from large 
dolerite boulders. The landslide occurs at the eastern end of the South Sister peak and may be 
developed in in-situ dolerite but there is insufficient rock exposure to be sure. There is a flat 
bench at the base of the backwall and this bench includes a small closed depression about 10 
m wide. There is no sign of active movement in the lower part of the landslide and all the 
trees are straight but on the backwall itself there are several distorted trees (Figure 15). 
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Figure 13.  The northeast corner of the coupe and harvest area, showing observations sites C1, C2 and 
C3. The northern pair of landslides (Sites C1 and C2) correspond to Slide A of Stapledon (2005), 
which is actually two landslides. The southern landslide (Site C3) corresponds to Slide B of Stapledon 
(2005). Note that the northern pair of landslides is in a different catchment to the harvest area. The 
thick pink line marks the proposed harvest boundary. Horizontal map width represents 1 km. 
  

 
 

Comment. The landslide is likely to be a rock slide (rotational slump) formed by 
displacement of dolerite and underlying sandstone over a weaker layer (e.g. mudstone or 
coal measures). The distorted trees show there is soil and boulder movement on the slope, 
but this movement may be related to soil movement on the backwall slope rather than to 
recent landslide movement. There is no other evidence of recent movement – trees on the 
landslide debris are straight and not distorted, fresh soil is not exposed and there are no 
cracks in the ground. For these reasons the landslide is classified as inactive. It has been 
excluded from the proposed harvest area because the slopes are very steep and because it 
occupies part of the catchment of the domestic water supply downstream. 
 

 

Figure 14.  Site C1, corresponding to part 
of Slide A of Stapledon (2005). The view 
looking in a northeast direction down the 
backwall of the landslide in which the 
domestic water intake is situated. The 
backwall has a slope of 35o and is rocky. 
Trees are straight. No harvest will occur in 
this catchment. Photograph by P. 
McIntosh, 10 May 2005. 
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Figure 16.  A. The backwall of the landslide at Site 
C3 (Figure 13), (Slide B of Stapledon (2005)), 
looking north. The landforms of this slide are 
rounded and this landslide is deduced to be a very 
old inactive feature, probably thousands and 
possibly tens of thousands years old.  B. The trees 
on the undulating landslide debris are nearly all 
straight, indicating no movement in the last 80–100 
years. Photographs by P. McIntosh, 10 May 2005.   
 

 

Figure 15.  Distorted trees on 
the backwall of the landslide at 
Site C2 (forming part of Slide A 
of Stapledon (2005)). Slopes 
here are about 40o. The soil in 
which the tree is growing has 
moved downhill when the tree 
behind the figure was about 4 m 
tall and subsequent tree growth 
has adjusted to gravity. At this 
site such movement may simply 
be a result of the steep slopes 
and does not imply recent 
landslide movement. The trees 
in the landslide zone itself, 
below this backwall, were all 
straight. This area has been 
excluded from the proposed 
harvest area. Photograph by P. 
McIntosh, 10 May 2005. 

 
B 

A 
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Site C3. This feature is about 280 m wide and labelled Slide B by Stapledon (2005). It has a 
crescent shape which is visible on air photographs but less obvious on the ground. Almost all 
the trees growing on this feature are straight (Figure 16). The main features visible on Slide B 
were mapped by McIntosh (2006) (Figure 17).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Field relationships 
Landslide B was interpreted as a bedrock slide by Stapledon (2005). Rallings (2005) did not 
commit himself to an interpretation and incorrectly described it as sitting on a long relatively 
steep slope. In fact the landslide has developed on a slope of 11o, and the debris now rests on 
a slope of 10o. The toe of the landslide is defined over much of its length by boulders 2–3 m 
diameter, which contrast with the stony or stone-free soil surface east of the toe margin; the 
toe of the landslide at its northeastern edge is generally steep (mean of 4 readings = 28o) 
whereas the slopes in front (east) of the toe are mostly less steep (mean of 4 readings = 18o). 
As noted in the earlier reconnaissance by McIntosh and Weldon (2005), the landslide toe 
forms three lobes. 
 
The top of the backwall scarp is well defined by steep (>19o) slopes. The two northeast ends 
of the crescentic scarp are not well-defined but lie northeast of the Telstra track. By joining 
the approximate ends of the crescentic scarp with a line and measuring from this line to the 
toe of the landslide the distance the slide has advanced can be estimated, and is about 100–
150 m. The length of the landslide (head of backwall to end of toe) is 350 m. It is about 280 m 
wide. 
 
Stapledon (2005) argued that landslide B extended into bedrock and was a rotational slide but 
although he plotted three conjectural deep failure planes (Stapledon 2005, figure 3) the 
presence of these was not supported by field evidence. If bedrock was involved, one would 
expect to see evidence of bedrock disruption, e.g., variable dip of sedimentary strata, 
sedimentary rocks mixed with dolerite at the soil surface, deranged drainage, slickensides, 
and joints or faults that would indicate either near-horizontal or near-vertical slip planes. 
However, the field evidence shows none of these features: (1) the massive sandstone exposed 
on the road cutting (Figure 18) northeast of landslide B is not disrupted; (2) coal measure 
exposed at a roadside batter collapse (Figure 17, site 4) are regularly bedded, dip at about 5o 
southwards and are not disrupted; (3) the coal measures exposed in the banks of a stream at 
GDA 598576 5401264 are not disrupted: they dip at 5o southwards, which is consistent with 
the dip measured in the roadside batter collapse (see above); (4) there is no evidence of 
mixing of dolerite and the underlying sedimentary rocks. In addition landslide B has a distinct 
toe (Figure 17 and description above) formed entirely in dolerite. 
 
The field evidence therefore supports the interpretation of McIntosh and Weldon (2006) that 
landslide B lies over undisturbed Triassic sedimentary strata, and does not envelop them. 

Figure 17.  Sketch map of landslide B, 
modified from McIntosh (2006). The 
proposed harvest area is the uncoloured area 
in the southwest. The purple-hatched area is 
informal reserve. A marks the centre of the 
landslide debris; C marks the landslide 
backwall; the dashed line B marks the 
approximate base of the landslide backwall; 
D is a depression, draining northeastwards; E 
is a roadside batter collapse on the Dublin 
Town Road. The open circles mark the 
distinct bouldery toe of the landslide. The 
landslide is about 280 m wide. 
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Mode of emplacement and classification 

The genesis (mode of emplacement) of landslide B is considered here in more detail as it has 
an important bearing on risk assessment. From the observations above a rotational (rock slide) 
origin is rejected. The field observations of landslide B show that it has some characteristics 
of a debris flow, and in addition: 
 

1. It has developed on a slope of 11o, and the debris now rests on a slope of 10o. 
2. The toe of the landslide has advanced by about 100–150 m. 
3. The front of the toe is abrupt and marked by a decrease of slope. 
4. The front of the toe is marked by an accumulation of large boulders. 
5. The landslide is only slightly longer than it is wide. 
6. The toe of the landslide has lobes. 

 
These features are very unusual for debris flows that have moved rapidly. Almost all the 
active landslides inspected in forested terrain (P. McIntosh, unpublished information) are 
debris flows that have developed on steep (>19o) slopes4. They often end in a depositional fan 
where the debris has 'splayed out' on reaching less steep land and here water has generally 
redistributed the finer debris as an alluvial fan (see Figure 4 (iii)). They never end in a zone of 
boulder accumulation in multiple lobes and they have generally advanced over distances 
several times greater than their width. 
 
Landslides with the six features listed above are characteristic of soils subject to intense 
freeze-thaw processes (Ahnert 1998). They form on low-angle slopes. They advance by slow 
creep (solifluction). The front (toe) of the debris forms a low wall, being restricted in its 
movement by the vegetation and roughness of the land ahead of it. They are characteristically 
lobed, and large boulders preferentially accumulate at the lobed margin (Ahnert 1998, fig. 
8.14) by the sorting effect of expanding ice.  As these solifluction flows form by freezing and 
thawing they often occur in permafrost terrain, but permanently frozen subsoils are not 
essential for their development.  
 
As the geomorphology of landslide B fits is identical to that of landslides formed by 
periglacial solifluction, it is considered likely that this is the process by which it was 
emplaced. The slip plane of the landslide is likely to be the contact of the dolerite talus and 
                                                 
4 The main exceptions are landslides formed in basalt talus (slumped weathered basalt). 

Figure 18.  Dolerite talus 
overlying weathered 
sandstone, which in turn 
overlies massive 
unweathered sandstone 
on the Dublin Town 
Road. 
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underlying siltstones and coal measures, visible intermittently east of the toe of the landslide. 
It probably formed in the coldest period of the Last Glacial Stage, or about 14–25 ka BP 
(Colhoun and Fitzsimons 1990) although formation at any time in the Last Glacial is possible. 
It is significant that South Sister peak itself shows extensive evidence of erosion under 
conditions far harsher than those prevailing today, viz., the angular dolerite talus 
accumulations visible in the cuttings near the car park below the peak (Figure 2B), and the 
dolerite topple south of the peak. There is widespread evidence of intense erosion not only at 
high altitudes but also at low altitudes in the Last Glacial Stage (e.g. Colhoun 1977a, b; 
Colhoun and Goede 1979; Caine 1983; Duller and Augustinus 2006; Augustinus et al. 2004; 
McIntosh et al. 2004; P. McIntosh, unpublished5). 
 
In summary, the geomorphology of landslide B indicates that it has a periglacial origin and is 
therefore >10 000 years old and formed under conditions of freezing and thawing that no 
longer prevail. In the AGS Subcommittee (2002) landslide classification it should be classed 
as an inactive, extremely slow or very slow6, moist debris flow. 
 
Site C4. Shallow slips along the Dublin Town Road. Several seepages and associated 
landslides were noted along the roadside. There is a roadside batter collapse northeast of 
landslide B (Figure 17, site 4) and here water seeps from siltstone and coal measures. 
 

Comment. These roadside slips are debris flows resulting from collapse after road-
building. They are protected by the E. brookeriana reserve. These trees are the most 
important stabilising factor on these slopes. 

 
 
3. DISCUSSION 
 
3.1. Past land instability 
No signs of active instability have been noted within the coupe harvest area. Potentially 
unstable land northeast, east and south of the harvest area has been excluded from the harvest 
area and this land has been separated from the harvest area by buffers. 
 
New field surveys on the southern steeplands found four recently-active landslides and two 
inactive landslides. In addition two features were noted which may have been ancient 
landslides or may have originated by other mechanisms. The criterion for judging recent 
activity was the presence of soil disturbance and/or distorted trees. Of the active landslides, 
one (B2) was a rock slide (rotational slump) considered likely to be caused by ground water 
emanating from the coal measures. One (A5, A11) was a debris flow in dolerite talus and was 
attributed to subsoil saturation during heavy rainfall, with movement aided by three additional 
factors: a roadside batter collapse downslope, pre-Code forest harvest on steeplands, and 
diversion of water by a pre-Code snig track. One (B6) was a debris flow in dolerite talus and 
was attributed to subsoil saturation during heavy rainfall. One (A2) (more correctly described 
as a pair of landslides) was a debris flow in dolerite talus with no obvious cause but also 
likely to have resulted from saturation of the dolerite talus layer during heavy rainfall. 
 
Whether disturbance by mining activity contributed to any of these landslides could not be 
ascertained, but adits are known to have been dug in places other than the main Jubilee mine 
entrance and a large landslide occurred in the vicinity of the mine in 1950 (Bacon 1983).  
 

                                                 
5  C14 date of 24.745 ka BP (Wk17270) for slope colluvium at Maynes Road, Tyenna. The FPA is 
undertaking further research at sites in northeast Tasmania to determine the date of significant erosion 
events (P. McIntosh, unpublished information). 
6 The rate of movement refers to the rate of movement at time of formation. 
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Some failure in this high-intensity rainfall zone may be entirely natural, as would be expected 
on steeplands having a mantle of layered doleritic talus.  
 
Within the harvest area there is one ancient debris flow which is presently stable and has a 
subdued landform. It was concluded that this landslide was formed several thousand (and 
possibly tens of thousands) years ago, under different climatic conditions to those presently 
prevailing. 
 
Contrary to the suggestions of Sloane (1976) and Rallings (2005), the field evidence indicates 
that the debris flows on the southern steeplands result from short-term soil saturation and 
movement of the upper layer of dolerite talus (Unit 2) over an older more clay-rich layer (Unit 
1). There is also circumstantial evidence that pre-Code harvest of trees on steeplands and 
associated stream diversion may have contributed to slope instability. 
 
There is no field evidence to indicate that the debris slides on the southern steeplands are 
related to groundwater discharge. On the contrary, the evidence indicates that they are related 
to short-term periods of soil saturation. On the steeplands adjacent to the Dublin Town Road, 
road building as well as groundwater discharge has contributed to land instability. For the 
debris flows in the above situations the local root-binding properties of the trees is crucial for 
maintaining land stability. Therefore all significant steepland areas have been excluded from 
the proposed harvest area and will be protected by the maturing trees on them. 
 
3.2. The groundwater discharge theory 
Reports commissioned by St Marys residents suggested that the partial harvest on the coupe 
could present a risk to the stability of the steeplands south of the coupe. The mechanism 
suggested was increased groundwater discharge following harvest, which could activate old 
landslide slip zones at the dolerite talus–sedimentary rock contact. Although the suggestion 
that the landslides in the ‘active landslip area’ resulted from groundwater seepage at the 
dolerite talus–sandstone contact (Sloane 1976; Rallings 2005) is plausible, no direct evidence 
for it was provided by these authors, and in the survey areas A and B (Figures 5 and 12) there 
was no evidence of groundwater discharge, except at the level of the Jubilee mine, where 
groundwater discharge was the probable cause of two rock slides (rotational slides). On the 
other hand, seepages are obvious along the Dublin Town Road at the dolerite talus/Triassic 
sedimentary rock contact, and here groundwater discharge combined with over-steepening of 
slopes by road construction are, together, likely to explain these shallow debris flows. 
 
The magnitude of the effect of tree harvest on groundwater, in relation to effects of rainfall 
variation, can be assessed. There is likely to be a short-term increase in infiltration after 
harvest, which is estimated to be 200 mm in year 1 and less thereafter (Lane 2005)), but the 
200 mm figure is probably a maximum figure, as Lane and Mackay (2001) found that where a 
vigorous understorey was present, patch cutting and thinning had less effect on increased 
infiltration and streamflows than might have been expected, because the understorey was 
more effective than expected in utilising water.  
 
The mean annual rainfall at St Marys is 1025 mm (1950–2004 data, Bureau of Meteorology) 
but annual rainfall exceeded 1900 mm in 1956. On the coupe estimated mean annual rainfall 
using the SILO program is slightly higher at 1116 mm, and annual rainfall has exceeded 2100 
mm (in 1956 and 1974; Figure 19) and been as low as 556 mm (in 1908; Figure 19). 
Therefore a 200 mm increase in infiltration is dwarfed by the variation in annual rainfall, 
which may exceed the mean by 1000 mm, and regularly varies by 500 mm over a 1–5 year 
period. It follows that for those landslides influenced by groundwater, natural rainfall 
variation has the potential to be a more important influence than increased infiltration 
following forest harvest. Furthermore, as pointed out in section 1.5.9, evapotranspiration by 
trees cannot mitigate the effects of the high-intensity rainfalls common in this area. For 
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example, during a 35-day period in 1974 when there was 777 mm of rain the trees on site 
would have transpired only 4.5% of incoming rainfall, at most. 
 

 
Figure 19.  Variation of mean annual rainfall on the coupe, as predicted from the SILO program. The 
mean annual rainfall is 1116 mm, but the actual rainfall received can be double this figure. These 
natural rainfall extremes far exceed the maximum annual increase in infiltration expected from 
selective harvest on coupe NI114A, which has been estimated to be 200 mm (Lane 2005). 
   
If the groundwater aquifer below the coupe contains 13000 ML of water, as estimated by D. 
Leaman, quoted by Lane (2005, p. 7), a 200 mm annual infiltration increase resulting from 
selective harvest would contribute only 1% to estimated total groundwater storage and would 
be unlikely to have a measurable effect on groundwater discharge rates. 
 
 
4. SUMMARY  

1. No active instability has been noted within the coupe harvest area, which has low 
erodibility soils which are among the most resistant to degradation in Tasmania. 
Elsewhere in the state, forest on similar soils has been selectively harvested without 
negative environmental effects. 

2. New field surveys on the southern steeplands found four recently-active landslides 
and two inactive landslides, and two features that may have been ancient landslides or 
may have originated by other mechanisms.  

3. Field evidence suggests that one active rock slide (rotational slump) at the level of the 
Jubilee mine may have been caused by groundwater discharge from the coal 
measures. One debris slide within the harvest area is judged to be a periglacial feature 
and to be inactive. 

4. The debris flows on the southern steeplands appear to have been caused by saturation 
of subsurface dolerite talus layers, aided by pre-Code harvest of forest on steeplands, 
poorly-constructed tracks that have diverted water, and roadside batter collapse, but 
some failure in this high-intensity rainfall zone may be entirely natural, as would be 
expected on steeplands having a mantle of layered doleritic talus. No evidence was 
found to support the proposition that the landslides in the ‘active landslip area’ 
mapped by Sloane (1976) resulted from groundwater seepage at the dolerite talus–
sandstone contact.  

5. Potentially unstable land northeast, east and south of the harvest area was excluded 
from the coupe harvest area, and a domestic water supply has been protected by a 
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buffer zone. The maturing forest in these areas will help to stabilise land and maintain 
water quality for residents. 

6. Calculations show that maximum increased infiltration following selective harvest, 
which is estimated to be 200 mm per year, is likely to be insignificant in relation to 
the amount of water deposited on the soil in high intensity rainfall events, and also 
less important than annual rainfall variation, which can be 1055 mm above the mean 
(1116 mm).  

 
 

5. CONCLUSIONS 
The harvest area of coupe NI114A does not contain active unstable areas. One debris flow 
within the harvest area is judged to be a periglacial feature and to be inactive. Coupes with 
similar slopes, soils and geology have been selectively harvested without detrimental effects 
on soils, land stability, or water. Buffer areas have been defined to protect zones of instability 
on steeplands to the northeast, east and south of the coupe. In similar terrain such buffers have 
proved adequate to protect soils from erosion.  

The field evidence indicates that the debris-flow landslides on the steeplands south of the 
harvest area are not caused by groundwater seepage, but by saturation of subsurface dolerite 
talus layers. Saturation is likely to occur after heavy rainfall events, which are common in the 
area, or after persistent rainfall. Previous forest harvest on steeplands and (in one instance) 
diversion of a stream may have contributed to slope instability. Two rock slides (rotational 
slumps) near the Jubilee mine, one active and the other inactive, have probably originated by 
groundwater seepage but they occur far (150–200 m) from the harvest area. The evidence 
indicates that instability on the steeplands has occurred by processes unrelated to past or 
planned activity on rolling and undulating land upslope. Increased infiltration or runoff 
following selective harvest is estimated to be minor in comparison to infiltration and runoff 
variation resulting from the large annual and short term variations of rainfall. Consequently 
harvest on coupe NI114A is unlikely to affect the stability of surrounding land. 
 
The steepland soils will continue to erode by natural means. The increased risk of landslides 
posed by disturbance has all but ceased. The coal mine on the steeplands has closed, harvest 
of trees on steeplands has ceased, and the access track on the southern steeplands is no longer 
used. The maturing trees on the steeplands will increasingly stabilise the soils by their root-
binding effect. Consequently, in the absence of severe fires, future erosion rates on the 
steeplands are likely to decrease.  
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Notes on versions: 
Version 2, 4 June 2007: Caption to Figure 17 corrected. 
Version 3, 17 January 2008: Correction to landslide classification, p. 28 (first line) and p. 29, Summary, 3rd point. 
Version 4, 14 February 2008: ‘Debris slide’ changed to ‘debris flow’ (two instances; minor editorial corrections. 
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8. Appendix 1. Air photographs of the South Sister area, 1949, 1972 and 1979. 
 

 
 
1949 
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1972; arrow marks recent landslide scar. 
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