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SAUNDERS 1  POST 
458353 
7882156 

6.22m AHD 
Brg 40 

Chainage  April 09  Chainage  March 10 
‐0.4  5.37  ‐0.4  5.37 
0.1  5.38  0  5.38 
4.2  5.33  4.7  5.3 
9.5  5.14  9.9  5.13 
11.7  4.9  13.1  4.56 
13.1  4.51  15  3.04 
14.2  4.3  21.5  2.75 
14.9  4.25  27.4  2.28 
15.6  3.24  43.7  0.78 
18.8  3.03  53.7  0.54 
24.2  2.8  62.8  0.38 
26.9  2.55  85.8  ‐0.03 
28.2  2.27 
31.3  1.8 
34.8  1.45 
41.8  1.16 
52.5  0.71 
65  0.32 
72  0.25 
87.4  ‐0.06 
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‐10.9  4.64  ‐10.9  4.64 
‐8.1  4.78  ‐8.1  4.78 
‐4.1  4.99  ‐4.1  4.99 
‐0.3  5.07  ‐0.3  5.07 
0.2  5.04  0  5.09 
2.7  5.05  3.7  5.04 
6.4  5.09  7.1  5.02 
12.5  4.65  25.1  3.93 
20.9  4.23  28.8  3.03 
24.5  4.01  39  2.62 
26.2  3.88  49.1  1.33 
26.9  3.33  56.2  0.83 
33.2  3  78.6  0.28 
38  2.7  102.6  ‐0.22 
39.5  2.53 
40.6  2.3 
42.6  1.97 
45.8  1.52 
47.9  1.33 
52.6  1.16 
58.5  0.96 
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Chainage  April 09  Chainage  March 10 
‐2.9  4.79  ‐2.9  4.79 
‐0.3  4.64  ‐0.3  4.64 
0.2  4.66  0  4.66 
2.9  4.58  5.4  4.48 
5.2  4.56  9.5  4.28 
13.3  3.92  13  3.89 
14  3.36  16  2.88 
16.4  3.18  22.5  2.75 
21.7  2.94  26.6  2.38 
25.9  2.57  39.4  0.96 
28.5  2.04  43.3  0.74 
31.1  1.62  70  0.26 
35.8  1.25 
46.6  0.89 
59.5  0.6 
70.6  0.3 
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Chainage  April 09  Chainage  March 10 
‐17.2  5  ‐17.2  5 
‐14.9  4.83  ‐14.9  4.83 
‐10.8  4.83  ‐10.8  4.83 
‐3.5  5.15  ‐3.5  5.15 
‐0.2  4.88  0  4.88 
0.2  4.87  7.6  4.17 
7  4.19  11.9  3.97 
8.7  4.14  16.6  2.89 
11.1  4.03  25.9  2.53 
12.9  3.99  37.6  1.19 
13.5  3.48  43.5  0.74 
16.8  3.26  62  0.45 
21.5  3.1  98  ‐0.5 
26.4  2.56 
27.9  2.2 
30.7  1.74 
36.7  1.26 
45  0.99 
61.3  0.46 
78.5  0.12 
98.6  ‐0.48 
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Chainage  April 09  Chainage  March 10 
‐15.5  4.82  ‐15.5  4.82 
‐12.6  4.78  ‐12.6  4.78 
‐9.6  4.71  ‐9.6  4.71 
‐4.2  4.28  ‐4.2  4.28 
‐2.2  4.19  ‐2.2  4.19 
‐0.3  4.27  0  4.31 
0.4  4.27  12.6  3.56 
1.8  4.2  13.9  2.91 
3.5  4.01  17  2.51 
6.3  3.82  25.4  2.44 
13.3  3.63  35.2  1.23 
13.7  3.44  43  0.7 
14.2  3.01  54.8  0.35 
16.6  3.11  67  0.25 
18.5  3.15  81  0 
22.4  2.62 
23.8  2.28 
25  2.11 
28  1.67 
32  1.35 
37.3  1.15 
42.2  1.01 
53  0.67 
66.7  0.31 
80.7  0.02 
97  ‐0.5 
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4.6  3.83  12.4  2.99 
10.2  4.25  16.7  2.54 
11.3  3.41  24.9  2.48 
12.5  3.22  36.1  1.22 
17.8  2.9  36.4  1.2 
21.6  2.51  43.7  0.8 
23.1  2.26  75  0.05 
25.2  1.98 
27.5  1.65 
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36  1.18 
44  1.04 
57.3  0.63 
76  0.06 
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COASTAL EROSION AT SAUNDERS BEACH 
 
BACKGROUND BRIEFING 
 
Dr Scott Smithers 
School of Earth and Environmental Sciences James Cook University  

 

 
Introduction 
Saunders Beach is an approximately 2.4 km long beach segment located to the north of 
Black River at the southern end of Halifax Bay (Figure 1). Saunders Beach is characterised 
by a broad (>80 m wide) low-tide bench composed of fine sand that extends seaward from a 
relatively narrow (10-20 m) and steep upper beach composed of coarser sediments.  A sharp 
break in slope typically separates the upper beach and the low tide terrace at a level between 
Mean Low Water Spring (MLWS) tide and Mean Sea Level (MSL) position.  
 
The settlement at Saunders Beach is developed over a narrow beach ridge plain composed 
of successive ridges and relatively low-lying swales; however at the eastern end of Saunders 
Beach this is reduced to just a single narrow ridge.   
 
Erosion of the upper foreshore opposite houses at the southern and central end of the 
settlement has reduced the distance between the upper beach and property boundaries.  
 
Recent recession of the shoreline and loss of established trees has increased concerns about 
possible future shifts in the shoreline and the possibility that coastal assets and environments 
may be damaged by any such shifts. 
 
Coastal processes and shoreline behaviour have been investigated at Saunders Beach as 
part of a broader coastal erosion study of the Northern Beaches.  Information from this study 
provides important background data within which to consider the driving variables and 
significance of recent shoreline changes. 
 
Recent changes in shoreline position at Saunders Beach must be viewed within the context of 
broader patterns of sediment supply and redistribution within Halifax Bay, and natural 
variability in the processes that deliver sediment to the coast and onto and off the beaches. 
 

 
Physical Setting and Processes 
The shoreline in Halifax Bay is predominately sandy, and is largely composed of coastal 
landforms such as beach ridges, dunes, tidal inlets, estuaries, and salt flats formed within the 
last 6000 years by coastal processes.  These landforms typically form a narrow (up to 1.5 km 
wide but generally narrower) fringe of geologically recent sediment deposits and landforms at 
the coast (Figure 2).  
 
Because coastal processes built the landforms, their elevation is closely constrained by sea-
level history since around 6000 years ago; only rocky outcrops extend more than six or so 
metres above the Highest Astronomical Tide (HAT) mark.  Sea level was 130 m lower than 
now at the peak of the ice age 18000 years ago, exposing the entire continental shelf.  As the 
ice subsequently melted, sea level rose to around 1-1.5 m above present by around 6000 
years ago, before falling to its current level (Figure 3).  
 
The shoreline began to build out after sea level reached this higher level around 6000 years 
ago and as it fell to present. The mineralogy and sedimentology of coastal sands in Halifax 
Bay indicates they are mostly weathered from local rocks and delivered to the coast by local 
rivers and creeks.  
 
The extent to which the shoreline built out in Halifax Bay varies according to factors such as 
the sediment supply, exposure to waves and currents, and coastal alignment.  Generally, 



however, the shore prograded as an upper sandy beach ridge unit built out and over a lower 
unit of finer intertidal and subtidal sands (like those on the broad lower intertidal flats today).  
Where inlets and estuaries were sufficiently sheltered from high-energy waves, muddier 
deposits dominated by mangrove materials developed.  These deposits are now exposed on 
the foreshore at several locations within Halifax Bay, indicating localised retreat of the 
shoreline since they were emplaced.  In some locations this shoreline retreat has opened a 
corridor where wave action can entrain and suspend fine sediments but sedimentation is 
relatively low, allowing nearshore reefs, such as Paluma Shoals to establish and thrive.  
Larcombe et al. (2001) presented a schematic model that depicts these interactions (Figure 
4).  From the age of the exposed mangrove deposits and inshore reefs we know that this 
phase of coastal recession may have begun several thousand years ago at some locations 
within Halifax Bay. 
 
Following the ice age sea level rose quickly and flooded the low gradient continental shelf. As 
inundation progressed the shoreline retreated rapidly westward, and reworked 
unconsolidated sediments.  Residual gravels and coarser deposits (marking earlier channel 
positions) now form pavements where fine sediments were winnowed away.  The general 
shape of the coastline in Halifax Bay is a legacy of this process.  The irregular occurrence of 
pavements of residual coarse sediments at the shore separate embayments formed where 
finer sediments were eroded, and define the broader scale changes in coastal alignment 
within Halifax Bay.   
 
Net littoral drift is to the north and sediments are exchanged between the embayments 
described above.  A series of small to moderate size streams traverse the coastal plain to 
discharge at the coast, with the larger rivers (The Bohle and Black Rivers, and Bluewater 
Creek) occurring toward the south of the study area (Figures 1 & 5).  Most of these coastal 
streams flow only seasonally following wet season rains, when extreme flows associated with 
cyclonic and monsoonal deluges can cause major flooding, significant erosion and 
reconfiguration of coastal morphology.  Some streams have developed sandy deltas 
indicative of sediment delivery to the coast, where prevailing longshore currents tend to move 
materials progressively north.  The delta at the mouth of the Black River is the most 
conspicuous of these features. 
 
During the dry season, or when wet season flows are not competent, coastal processes 
(waves and currents) may significantly modify coastal morphology at stream and inlet mouths. 
The shoreline can be very dynamic, with substantial changes in shoreline position and 
character known to occur quickly during episodic high-energy events.  For example, more 
than 10 m of beach retreat occurred at both Saunders Beach and at the Black River 
settlement when Tropical Cyclone Althea (category 3: estimated central pressure 952 mb) 
crossed the coast near Balgal Beach in December 1971 (Hopley, 1974).  Longer-term 
changes associated with prevailing wind and wave conditions also affect this coast; complex 
and truncated beach ridge sequences have been interpreted as evidence of ‘natural’ changes 
in coastal configuration along the northern beaches (Hopley and Murtha, 1975).  
 

 

Historical and Recent Change at Saunders Beach 
The general pattern of shoreline change at Saunders Beach can be established through the 
analysis of geo-rectified aerial photographs that have been taken at the appropriate scale at 
an irregular interval since 1941 (1941, 1961, 1974, 1983, 1987. 1991, 1996, 2000, 2004, 
2005) together with shoreline positions accurately mapped with GPS (Figure 6).   
 
These analyses indicate that: 
 

1. Sections of Saunders Beach have shown net accretion and others have shown net 
erosion since 1941 – there is no universal erosion or accretion trend.  This is the 
case along the entire Halifax Bay shoreline.  These variations appear to result from 
variations in alongshore sediment transport, with eroded beach segments commonly 
updrift of sites of significant accretion.  It is important to note that erosion and 
accretion zones on the beach can change through time (both seasonally, inter-
annually, and at longer (decadal and millennial) timescales).   



 
2. Fluctuations in shoreline position at a site – phases of accretion and erosion – are 

demonstrated by the fact that changes in shoreline position to both seaward and 
shoreward are identified at all 18 transects along Saunders Beach from the geo-
rectified photos.  In summary, at no transect has the shoreline consistently either 
eroded or built out – fluctuations are the norm.  
 

3. Based on the total data set of shoreline changes for all transects (including those at 
Bluewater) an average accretion rate for the entire shoreline for the period was 
calculated at 0.24 m (n = 272).  This is in good accord with the longer-term rate of 
accretion established for this segment of Halifax Bay by looking at the age of onshore 
coastal sediment deposits (Holmes, 1992).  In summary, although some sections of 
Saunders Beach have clearly retreated in recent decades, the average net trend over 
the entire beach is has been one of average net accretion, and is very similar to the 
longer term rate. 

 
4. The shoreline to the immediate south of Saunders Beach settlement significantly 

accreted and became vegetated between 1941 and 2007.  This area comprises a 
broad vegetated ridge with a vegetated dune to seaward.  The vegetated dune was 
eroded severely during the high tides and moderate seas of early 2009.   

 
5. The shoreline in front of the settlement from its southern end to a point near 

Saunders Beach Road has retreated by as much as 15 m from its 1941 position 
(transect 18 (near the turning bay at the eastern end of the Esplanade) and transect 
22 (opposite 105 Cay Street)).  The upper beach along this section is now markedly 
scarped, and held in sections by mature Casuarina trees, with scalloped 
embayments between.  Many of these trees were lost during the erosion events of 
early 2009, with further retreat of the upper beach in these areas.  Some recovery of 
the beach has occurred since, with infill of the upper beach below the scarp and 
progradation of a new berm. 

 
6. Between 1941 and 2007 the beach between Saunders Beach Road and the mouth of 

Deep Creek has shown net accretion, but this end of the beach is highly variable over 
shorter periods (including seasonal), and is significantly affected by processes near 
the creek mouth. 

 
Observations of recent changes include: 
 

7. The upper beach between the southern end of the settlement and Saunders Beach 
Road is now (and has been for some time) marked by a conspicuous scarp, in places 
exceeding 1 m high, which locally retreated several metres during the 2009 January - 
March high tides.  Typically the eroded sediment was redeposited relatively rapidly 
(within two to three weeks) on the upper shoreline further north along the beach. 

 
8. Erosion in early 2009 coincided with very high tides and moderately rough weather.  

It is pertinent to note that the very high tides occurred as part of the broader 18.6 
year lunar tidal cycle, which effectively meant that the high tides this year were the 
highest over this multi-decadal cycle, and that there were a greater number tides high 
enough for waves to affect the upper beach.  The combination of higher tides and 
rough weather increased the erosion of the upper beach.  As this cycle wanes over 
the next decade the elevation and frequency of very high tides will reduce. 

 
9. The eroded scarp cut into an older vegetated beach ridge dominates the upper beach 

long most of the settlement.  As indicated above, in places the top of this scarp 
separates the active beach by more than a metre, and waves at high tide swirl at its 
base.  However, elsewhere on the beach a broad berm of recently deposited sand 
has been deposited in front of the eroded scarp.  At these locations the beach 
exhibits both erosionary and accretionary traits. 

 
10. New sediment can only be added to the beach ridge on which the settlement is 



located when waves swash on to it and deliver sediment from the beach below.  The 
scarp effectively separates the active beach from the beach ridge surface, and 
impedes the deposition of new material on top of the ridge. 

 
11. The Casuarina trees have been very effective at holding the upper beach position, 

and mediating further retreat of the upper beach.  Where they have recently failed it 
is likely that they would have performed better if they were located in thicker plantings 
and not as a single row.  Many fallen trees appear to have been outflanked by 
erosion concentrated in bare areas. 

 
Other points for consideration: 
 

12. Saunders Beach is a location where coastal erosion during the last major cyclone to 
affect the region (TC Althea) was accurately measured.  During that event the 
shoreline retreated by 12 m and waves broke over the first beach ridge and onto the 
road (Hopley 1974).  This event generated a storm surge estimated to be 3.66 m at 
nearby Toolakea, but luckily the peak coincided with the low tide raising water levels 
to near the high tide level only.  On the northern beaches some recovery from this 
erosion occurred quite rapidly, with as much as 2.5 m accretion noted within 6 
months. 

 
13. The Black River is the nearest and most significant sediment source for the Saunders 

Beach.  Approximately 1 million cubic metres of sand were extracted from this river 
between 1970 and 2001.  Extractive activities have now ceased.  Although the 
impacts of extraction would be expected to only be modest due to other contributions 
and the redistribution of existing delta sediments (see Figure 5), it is possible that 
these activities have contributed to the local erosion experienced at Saunders Beach, 
either directly as a result of disruption to sediment supply, or indirectly as a 
consequence of reconfiguration of the delta.  Given the irregular nature of both 
events that deliver sediments and redistribute them along the coastline, the 
significance of these processes is hard to determine.  Nonetheless, the termination of 
extraction removes the possibility of any ongoing negative effects. 

 
14. Both modelling and measurement confirm the transport of sediment north along the 

beach.  Estimates of littoral drift indicate that around 10-14 000 m
3
 of sand is 

transported north along this section of shoreline on average each year.  Observations 
of sediments redistributed during high-energy events indicate that sediments can be 
quickly redistributed on this shoreline.  The implications are that any discontinuities in 
alongshore sediment supply might be expected to manifest relatively quickly, and that 
sediment introduced to the upper beach may be redistributed relatively rapidly.  
Where sediments are temporarily stored in the system, such as the ridge to the south 
of the settlement a deficit may develop updrift and contribute to shoreline retreat.  
However, recent erosion on Saunders Beach can be more directly attributed to higher 
water levels and wave energy conditions acting on an already destabilised and upper 
beach.  

 
 

 

 
 
 
 
 
 
 
 
 
 



Conclusions 
The shoreline at Saunders Beach is dynamic, with all sections of the beach showing 
phases of erosion and accretion since 1941.  When the entire data set for the entire 
beach is examined an average rate of accretion of 0.24 m per year is calculated. 
 
The pattern of shoreline change between 1941 and 2007 is, however, spatially variable 
along the beach.  The differences can be summarised as: 
 

• Significant accretion to the immediate south of the settlement (where the broad 
vegetated ridge and dune have developed). 

 

• Retreat of as much as 15 m and significant scarping of the upper beach in front of 
the settlement from Saunders Beach Road south. 

 

• Highly variable but net accretion between Saunders Beach Road and Deep 
Creek. 

 
The entire shoreline was affected by the combination of moderate seas and very high 
tides on several occasions in early 2009, during which the upper beach was significantly 
eroded (reports of several metres retreat in just a few days).  The high tides that focused 
the wave action on the vulnerable upper beach were associated with the peak of the 
18.6-year tidal cycle that is now on the wane. 
 
Although sediment extraction from the Black River may have disrupted sediment supply 
to Saunders Beach it is more likely that variations in sediment deposition and transfer 
together with wave erosion during the higher tides have been responsible for shoreline 
retreat along the shoreline at both decadal and event timescales. 
 
Sediment is actively transported north alongshore on this beach as indicated by 
modelling, measurement and observations of sediment redistribution following erosive 
events.  If renourishment is considered as a treatment option the mobility of ‘natural’ 
sediments on this shoreline will need to be considered and strategies to mediate this be 
included in the renourishment plan (sediment size, positioning, time of emplacement and 
augmentative stabilisation). 
 
Casuarinas can effectively hold the shoreline position against erosion events, and more 
contiguous and wider plantings should be considered. 
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Figure 1 Satellite image showing coastal zone features and major settlements Halifax Bay (Google, 

2008). 
 

 



 
 

Figure 2 Map of surface deposits and landforms within the study area (redrawn from Hopley and 
Murtha, 1975).   

 



 

Figure 3 a) Global postglacial sea-level history from reef records (Hopley et al., 2007); b) data and 
various interpretations of sea level fall since around 6000 years ago on inshore Great Barrier 
Reef (from Lewis et al., 2008). 

 
 

 

 
 

Figure 4 Coastal sediment transport and development in depositional shoreline settings such as 
Cleveland Bay (left) and in erosional shoreline settings such as Halifax Bay (right).  (Larcombe 
et al., 2001). 

 



 
 

Figure 5 Coastal sediment budget for southern end of Halifax Bay estimated from several sources including Boral 1998, DallaPozza 2005 and Holmes 1992. 
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Figure 6  Net shoreline change between 1941 and 2007 derived from geo-rectified aerial photography along Saunders Beach 
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