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ABSTRACT 
 
This paper discusses coastal geomorphic features at two sites in Tasmania, namely Boat Harbour 
Beach on the northern coastline, and Cape Grim on the north-west corner of the State. The paper 
discusses features at Boat Harbour Beach where the coastline at one particular area has been shaped 
by coastal processes in pre Holocene (Quaternary) times into (fossil) shore platforms and 
escarpments (fossil coastal sea cliffs) and contemporary equivalents. The geology comprises resistant 
Pre-Cambrian sedimentary rocks and highly weathered Tertiary basalt. Large-scale landslides occur 
as well as younger, smaller landslide movements of colluvium (comprising high plasticity clay with 
varying granules from gravel to boulder sizes) derived from the Tertiary basalt. The second site is 
located at the north-west corner of Tasmania on a rocky headland called Cape Grim, and is comprised 
of Tertiary aquagene volcanics involving intercalated materials with contrasting mechanical properties 
(tuffs, basalts and breccias). The steeply dipping sea cliffs that have developed at this site are 
exposed to the full force of coastal processes generated in the Southern Ocean and are retreating by 
mass wasting processes; the envisaged mechanism being a wave notch cut, gradually causing 
significant undercutting eventually leading to a sudden cantilever failure of the basaltic breccias.  
 
Engineering risks to local developments at each site from the landslide processes are discussed, and 
provide case studies for the Mineral Resources Tasmania effort to develop landslide hazard maps. 
 
Keywords: Coastal processes, Tertiary basalt, aquagene volcanics, landslides, engineering risk, Boat 
Harbour Beach, Cape Grim. 
 
 
1 INTRODUCTION 
 
An attempt is made in this paper to develop a basic understanding of the characteristics and physical 
behaviour of the coastal environment at two sites in northern Tasmania (see Figure 1 for location). 
 

 
Figure 1. Location of sites 

 
The paper focuses on the driving forces causing geomorphological change and the nature of the 
change, with a view to controlling risk for problems associated with natural and human induced 
changes in the coastal zone. 
 
Description of coastal geomorphic features at two sites in Tasmania, namely Boat Harbour Beach on 
the northern coastline, and Cape Grim on the north-west corner of the State, are presented. 

ANZ 2012 Conference Proceedings 740

mailto:Al.Ahmedzeki@utas.edu.au


Engineering risks to local developments at each of the two sites from the landslide/erosion processes 
are also discussed. This provides case studies for the Mineral Resources Tasmania (MRT) effort to 
develop landslide hazard maps for various regions of Tasmania. 
 
 
2 BOAT HARBOUR BEACH SITE 
 
2.1 Geology and Geomorphology 
 
Boat Harbour Beach in Tasmania is a coastal area where landslides have caused problems over 
many years, with damage to roads and buildings. The site under consideration lies on a flat narrow 
coastal plain between the sea and an escarpment up to a Tertiary basalt plateau that rises to more 
than 100m above sea level. The escarpment can be divided into modern segments (along which there 
is active erosion from episodic coastal processes such as wave attack) and ancient (Last Interglacial 
or older sea cliff, where coastal processes are no longer operating to any extent). The specific site in 
question is situated on the latter. Matthews (1974) investigated the area and found that the basement 
rock is Precambrian interbedded shaly black siltstone and thinly bedded quartzite and formed an 
irregular surface over which the Tertiary basalt flowed. Most of the settlement is situated between two 
ridges of Precambrian rock that rise almost to the level of the basalt plateau. The Tertiary basalt, with 
minor intercalated sediments, occurs from sea level to the top of the plateau and is deeply weathered 
with most of the slopes covered in talus. The presence of the two basement ridges aids in directing 
groundwater toward the Tertiary materials and seepages on the slopes are very common Matthews 
(1974). Slopes of 25 to 30 degrees are common on the Tertiary basalt escarpment, and the 
morphology of the slopes shows abundant evidence of a long history of landslide movement. The 
findings of Jennings (1965) and Matthews (1974) can be summarised as:- 
 

1) landslides are confined to the Tertiary basalt and derived material; 
2) large, deep-seated rotational slides are common on the escarpment, but generally older; 
3) shallow slides and flows (some quite large) occur on weathered basalt or talus slopes and 

account for most of the historically recent landslides; 
4) springs and seepages promote slope failures; 
5) there is a danger of reactivating the older deep-seated landslides by excavation at their toe. 

 
The site studied is situated at the foot of the western basement ridge, but is close to its steep contact 
with the Tertiary basalt, which at this location forms a large rotational landslide (Figure 2). There are 
Proclaimed Landslip Zones in the area (enforced by legislation). Mapping of geomorphological 
features by MRT are presented in Figure 2.  

 

 
Figure 2. Landslide features at Boat Harbour Beach from geomorphological mapping (MRT) 
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2.2 Inferred Failure mechanism and Risk Awareness and Control 
 

Shallow excavation (less than 3m deep) at the toe area of the landslide zone shown in Figure 2 has 
uncovered signs of successive debris-flows, overlying a former wave-cut platform at 10m elevation in 
Precambrian rock.  The debris-flows comprise high plasticity clays with basalt cobbles. Cobble sizes 
and angularity varied between successive events and associated landslide deposits. Occasional 
presence of gravel sized quartzite rock was also observed within the debris-flows. These debris-flows 
appear to have been generated from the talus and large, rotational landslide deposits immediately 
behind the site. These landslide features indicate that while parts of the landscape are no longer being 
actively formed by coastal process, other geomorphic processes (notably mass wasting) continue to 
operate on the escarpment and present risks to lives and structures. 
 
While constraints and exclusions can be enforced on new developments, landslide risk is more difficult 
to deal with for existing developments. Some cases have been dealt with based, for example, on 
limited thickness of basaltic debris-flow (by avoidance if possible, or designing deeper foundations that 
withstand “similar” landslide movements). Of top importance is establishing qualitative risk profiles 
against landslides and informing relevant stakeholders. 
 
3 CAPE GRIM SITE 
 
While Cape Grim, like Boat Harbour Beach, is in a coastal setting, there are significant differences in 
the geological materials present and geomorphic processes operating there. Cape Grim is situated on 
a rocky headland and directly exposed to ocean waves generated from the Southern Ocean. The 
headland is composed of sea cliffs up to 90m high, containing indentures (arcuate embayments 50-
100m wide), with a number of outlying sea stacks/islands immediately offshore (Figure 3). These 
features are consistent with an eroding/retreating coastline that has presumably been actively evolving 
during much of the Holocene. Retreat rates of the sea cliff have not been quantified.  
 
The processes of sea cliff retreat are generally well understood and relate to a number of variables 
that space does not permit discussion here but are contained in publications such as Sharples (2006).  
However this discussion focuses on the likely mechanism of coastal retreat with a view to assessing a 
safe set-back distance for possible engineering construction. 
 

  
Figure 3. Coastal geomorphic features at Cape Grim 

 
3.1 Geology and Geomorphology 
 
The geology of the Cape Grim headland consists of Tertiary aged aquagene volcanics (originating 
from volcanic eruption in a marine environment) and described by Sutherland (1980) and Sutherland 
and Corbett (1967). Both references indicate that these events took place in the Miocene age when 
relative sea levels were some 100m higher than current levels. Pillow lavas are exposed near surface 
and shown in Figure 4. Basaltic breccias form the main body of the cliffs at Cape Grim (Figure 5). 
Miocene marine beds overlie the basaltic breccia, and marine sand was found to extend to about 9 -10 
metres below current ground surface.  
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Figure 4. Surface exposure of pillow basaltic lava at Cape Grim 

 
Sutherland and Corbett (1967) indicate that the basaltic breccia is crudely bedded (thickness range 
from about 1m to 10m, being mostly 3m to 6m), very roughly textured rock, consisting dominantly of 
angular basaltic fragments in a finer grained matrix (see Figure 5). Sutherland and Corbett (1967) 

suggest that the bedded breccia at the site dips generally north to north-easterly ranging from 15  to 

45 , with 35  being the most common, probably representing the original depositional slopes.   
 

 
Figure 5. Basaltic breccia at Cape Grim 

 
Significant sub-vertical jointing, parallel to the cliff-line, crosses the bedding and dips steeply inland, 
with some curvature and a spacing in the order of a few metres (see Figure 6 left). These joints have 
probably formed as relaxation joints following loss of confinement. There is also evidence of another 
set of rock defects (joints or faults) evident on aerial photographs as sub-parallel NE trending 
lineations (Figure 6 right).  
 

   
Figure 6. Cliff-parallel defects exposed in basaltic breccia (left) and inferred regional defects (right) 
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Their alignment suggests that they control the position and orientation of the arcuate indentures.  
 
The sea cliffs are sub-vertical and lean outwards slightly, reflecting the orientation of the sub-vertical 
joints. Figure 6 (left) also shows the bedding planes of the basaltic breccia that dip into the slope, 
typically at 35 degrees but observations around the site show that this angle varies. Remnants of sub-
horizontal sea-cut platforms in tuff (P.C. Stevenson 1979, Sutherland and Corbett 1967; the latter 
refers on page 73 to tuff as flatly bedded) can also be observed at the base of the cliff and near shore. 
 

  
Figure 7. Evidence of sea wave cut features (left) and old fence location (right) 

 
Two sets of aerial photographs, one set flown in 1997 and another pair flown in 1957, were viewed 
under the stereoscope. The arcuate features indicated in Figure 3 and 6 were present in the 1957 
photograph and there was not much obvious evidence of change in the 50 year period up to the 
present time. At one of the sites of these arcuate features, a fence (see Figure 7 right) had been 
constructed to prevent people from falling over the cliff. The fence, which looks very old with rotten 
timber and could be more than 100 years old, had a significant length of it displaced by landslide 
process (missing alignment indicated in Figure 7 right).   
 
3.2 Inferred Failure Mechanism and Risk Awareness and Control 
 
Critical to understanding risks to persons and structures near sea cliffs is the elucidation of the 
mechanism of retreat. Sea cliffs like those at Cape Grim involving a rock mass containing several sets 
of defect orientations are likely to retreat through various forms of landslide failure as illustrated in 
Figure 8. Without direct observations of failures at the site, an obvious question must be asked as to 
whether the retreat is due to multiple small failures (i.e. longest dimension up to a few metres), or 
fewer but much larger failures (i.e. capable of displacing a mass of some 50m width along the cliff line, 
less than 20m deep into the slope and may involve the whole cliff height ~80-90m), or possibly by 
some combination. A large failure scenario would be in keeping with the geometry of the arcuate 
features within the sea cliff although we cannot entirely rule out the smaller and gradual mechanism. 
By adopting the precautionary principle for risk management when process uncertainties are 
significant, a large landslide failure mechanism being a worst-case scenario should be considered. 
  
The observations indicate a brittle type failure, after significant notch cutting takes place by sea wave 
action at the cliff toe (see Figure 8 left). Although the basaltic breccia matrix is typically stiff to very 
stiff, the failure mechanism of the large arcuate features at Cape Grim appears to be influenced and 
controlled by defects (Figure 6). In the proximity of the site a notch cut by wave action was observed 
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at the base of the cliff and Sutherland and Corbett (1967) also refer to “sea caves”, and this could well 
be the initiation of large landslides. 
 
The failure mechanism is postulated to follow the following sequence (refer to Figure 8): 
 

 The cutting of a notch at the slope toe by sea wave action 

 Further notch cutting exposes more of the breccia beds 

 Localised cantilever failure of breccia beds takes places 

 Further development of notch cutting and cantilever failure of breccia beds 
undermines a significant mass of the slope 

 A significant breccia mass becomes unstable and is dislodged facilitated and 
controlled by the sub-vertical jointing. 

 The landslide mass is broken into smaller pieces during movement and is completely 
broken down to sediment and removed by subsequent wave action 

 

 
Figure 8. Inferred failure mechanism (schematic) 

 
 
It is anticipated that this mechanism is capable of producing landslides that may involve several 
thousands of cubic metres of breccia in a single event. A rough estimation is that such significant 
landslides take place every 150 to 200 years. Based on the spacing of the sub-vertical joints and 
arcuate features’ geometry, a set-back distance of at least 25m for construction would be 
recommended. 
 
 
4 CONCLUSION 
 
Coastal processes at two sites in northern Tasmania have been presented and discussed and both 
sites have probably had more than one landslide mechanism operating at different times. 
Understanding the geological model and likely failure mechanisms are crucial aspects to develop a 
risk profile and to be able to recommend risk control measures. Enforcing risk control measures can 
be a difficult task for existing developments, so raising the awareness could allow pursui ng a risk 
sharing approach.  
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