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Key Points 
• The lower floodplain of the Normanby Basin is a significant sediment source to PCB. 
• The lower floodplain of the Normanby Basin is not a net sediment sink. 
• It is likely that other coastal plains along the Queensland coast are also significant sediment sources to the 

GBR 
• To provide useful information for catchment management and for estimating sediment loads delivered to the 

GBR, sediment budget models need to be formulated with coastal erosion and variable source/sink 
floodplains. 

 

Abstract 
Sediment budgets constructed for the catchments draining to the Great Barrier Reef World Heritage Area (GBRWHA) 
have tended to assume that coastal plains can typically be considered to act as sediment sinks, where a significant 
proportion of sediment sourced from the catchment tends to be deposited. In this paper, we present preliminary 
evidence from the coastal plain around Princess Charlotte Bay (PCB) in the northern Great Barrier Reef (GBR), which 
suggests that rather than acting as a sediment sink, the extensive coastal plain through which the major rivers draining 
the Normanby Basin flow, is in fact a major sediment source. Geochemical tracing data suggests that the coastal plain 
source is in fact responsible for delivering up to four times more sediment to PCB than the entire catchment in recent 
decades. More research is required to disentangle the drivers of this erosion and the relationship between floods, tides 
and storm surges as the primary mechanism responsible for removing the sediment from the coastal plain and 
transferring it to the PCB. We also speculate that such processes may be much more widespread than previously thought 
throughout the coastline adjacent to the GBRWHA, and suggest that much greater focus needs to be placed on 
understanding the processes within the coastal zone interface between the Reef Catchments and the GBR lagoon. 
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Introduction 
The Normanby basin is located on Cape York, Northern Queensland (fig 1) and includes all the rivers flowing into 
southern PCB. The use of models necessitates some assumptions and some simplifications of process and inter-
relationships. Model assumptions and simplifications are most effective when catchment specific. One common 
assumption in sediment budget models is that floodplains are depositional zones. Another is that the all sediment loads 
are carried to the receiving water body in the stream network. The results of the geochemical tracing study indicate that 
the Normanby basin is an example where the lower coastal floodplain is a major source of the sediments in PCB. 
Observations at the shoreline suggest that sediment is entering the bay not only through the main stream channels, but 
as diffuse coastal erosion processes along the shoreline. 

The Normanby basin has a geomorphic history since the mid-Holocene (approximately 5000 to 6000 years) that is 
relevant to interpreting and understanding the present sediment delivery to PCB and the GBR basin.  
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Figure 1. Princess Charlotte Bay. Insert (lower right) shows areas of coastal stripping (light brown – remnant 
floodplain surface, grey – stripped basal surface, dark green – tidal mangrove creeks, white – active stripping along 
mangrove boundaries). Insert (mid right) shows terrestrial sample points. Letters at photo locations refer to fig 3. 

 
Chappell (1982) investigated the history of the Normanby shoreline since the mid-Holocene, obtaining dates for the age 
of chenier ridges (ridges of mollusc shells built up during cyclones) in the north east segment of the bay’s shoreline. 
Chappell presented an evolutionary history of a prograding shoreline in the context of approximately 1 m of sea level fall 
since the mid-Holocene combined with the interdependent relationships between the variability of the terrestrial 
sediment input, the occurrence of cyclones, and the abundance of mollusc and their habitat. That is, during the mid-
Holocene the shoreline was a considerable distance inland of the present position, possibly 1 or 2 km (fig 2). The falling 
sea level combined with terrestrial sediment inputs to the lower floodplain created the conditions where the shoreline 
moved progressively seaward (prograding). The coastal plain has been prograding and accreting over some of the time 
since the mid-Holocene, storing both terrestrial and marine derived sediment as a system of coastal floodplains 
interspersed with chenier ridges. The present near shore area of the bay is very shallow (~2m within 2km of the shore) 
and it is probable that a similar situation prevailed in the mid-Holocene, albeit 1-2km inland. Therefore, in relative terms, 
the volumes of sediment needed to infill the shoreline edge of the bay are not inconceivably large. The shallowness of 
the inner bay, probably leads to a condition where the tendency of the shoreline to either prograde, retreat or remain 
stable is very finely balanced as a function of sediment supply, wave energy, storm surge or small sea level fluctuations. 
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(c) 
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Figure 2. Possible location of mid-Holocene shoreline. Only the north east segment has measured dates locating the 
shoreline position. The remainder of the shoreline is only a schematic indication of the possible shoreline change 
since the mid-Holocene. 

Methods 

PCB Tracing Study 
A geochemical tracing study was undertaken to determine the source of fine grained benthic sediments in PCB (<10um), 
and by inference the source of sediments that might be impacting the coral reefs surrounding PCB. A full description of 
the methods and approach is outlined in (Olley et al., subm), but are summarised here. Suspended sediment was 
collected from within the stream network of the major tributaries entering PCB, using integrated samplers (sensu 
Walling et al., 2008) that accumulated suspended sediment from in-channel flows throughout the wet season (mid right 
insert fig 1). A total of 43 cores were collected across PCB (fig 1) using a drop hammer sampler and the upper 5cm of 
each core analysed. It was estimated that this depth of sediment represented around 20 years of sediment accumulation 
based on the depositional rate estimates of Chivas et al., (1983). The sampling of both in-channel terrestrial sediments 
and bay floor sediments allows geochemical tracing to be undertaken that links the terrestrial and the receiving water 
body sediments. Very few sediment tracing studies undertake a full source-to-sink tracing analysis as has been done 
here. 

Results 
A full description of the results and analysis is provided in Olley et al., (subm) and Brooks et al., 2013, so only the key 
results are presented here. The results show that the contribution of sediment from the terrestrial stream networks to 
the PCB benthic sediments is only a relatively small proportion. This result was unexpected. As might be expected, a 
significant proportion of the benthic sediments are of marine origin, but unexpectedly, an even larger proportion of the 
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benthic sediments are derived from the extensive coastal plain/deltaic deposits that fringe PCB, see table 1. The 
catchment area of the stream networks is approximately 24,000km2 and the length of the Normanby basin shoreline is 
approximately 77km. The coastal sediments are not associated with a specific catchment area that is distinct from the 
channel network. The coastal sediments are eroded, either, directly from the shoreline or from the tidal portion of the 
stream networks. 

Table 1. PCB sediment sources proportions 
Sediment Source Percentage 

Coastal sediment 37.7 

Marine Derived 27.6 

Sand (currently unknown origin) 26.0 

Sediment transported by stream network 8.7 
 

Observation of the coastal plain indicates that there appears to have been fairly extensive surface stripping over a large 
area (see fig 1 and 3). A former higher surface can be observed as numerous remnant sediment pedestals and pockets of 
floodplain (see fig 1 insert-light brown and fig 3c and d). OSL dating of a couple of these pedestals indicates that they 
were actively depositing until around 500-600 years BP (Pietsch et al., in review). 

 

Figure 3. a) and b) shows the deterioration of the mangrove fringe and the movement of tides and flood waters 
through the mangroves carrying sediment. c) remnant pedestal marking the pre-erosion surface level. d) OSL 
sample collection within a segment of remnant surface. Location of these images shown in fig 1. 

 
Discussion 
While the dated sediment pedestals indicate an approximate date for the last deposition on the lower floodplain of 500 
to 600 years ago (Pietsch et al., in review), this does not necessarily date the beginning of a period of erosion. There 
could be an intervening period of stability with no erosion or deposition. Therefore sometime between the end of 
deposition and the present, the sediment dynamics at the coast have changed and erosion is now diminishing the 
coastal floodplain. The development of mangrove lined dendritic tidal creeks is removing floodplain material and 
reducing floodplain elevation to a level where tidal waters move in and out amongst the mangrove fringe carrying 
sediment (fig 1 insert, fig 3a and b). 
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(c) (d) 
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The remnant pedestals still standing 1-2m above the mud flat (fig 3c and d) mark the approximate original level of the 
floodplain, and allow the estimation of the volume of sediment lost in the period since stripping began. Using Google 
Earth imagery to map the apparent extent of lost floodplain material (yellow outline fig 1, approximately 185km2), 
combined with an estimate of the depth of material lost (based on LiDAR data used to estimate the average elevation of 
the basal and remnant surfaces; 1.61 ± 0.02 m (n=44) and 2.32 ± 0.08 m (n=45) respectively), and using a sediment 
density for the coastal plain material of 1.5 t/m3, Olley et. al. (subm) estimated that between 175Mt and 220Mt has 
been eroded from this extent.  

The exact cause of this change is unknown at this time, but could involve; 
• variation of sediment inputs to the coast (marine or terrestrial), 
• changing currents in PCB, 
• the perturbation of a high magnitude cyclone or cyclones (e.g. Mahina 1899), 
• variation in the strength of the monsoon over centuries, 
• variation in the degree of dry season aeolian deflation of the coastal floodplain, 
• salt harvesting on the coastal salt flats (known to have occurred throughout part of the 1900s), 

 
The factors influencing the coastal processes of Princess Charlotte Bay are subtle and appear to be closely interrelated 
and would require further research to disentangle.   

 

Figure 4. Examples of GBR catchments with possible coastal plain sediment inputs. 

A cursory look at the satellite imagery (Google Earth) along the coastline of the GBR basin shows other catchments (fig 4) 
that may have significant coastal sediment inputs (these are a random selection; there inclusion here is not implying that 
these are the only or most significant locations of coastal erosion). Any investigation concerning sediment outputs to a 
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receiving water body undertaken in a catchment with observable coastal erosion should consider coastal processes in 
assessing sediment delivery and the formulation of sediment budget models developed for these catchments. 

Conclusions 
The geochemical tracing study linking the Normanby catchment and PCB shows that a significant majority of sediment 
entering the bay is not derived from the channel network. Visible evidence of coastal erosion indicates that some of the 
lower floodplain sediment is entering the bay directly along the shoreline and not through the channel network. 
Therefore a sediment budget model that is designed to inform management decisions regarding sediment loads entering 
PCB and the northern GBR must be formulated to include coastal processes and floodplains that can be dynamically set 
as either depositional or erosional zones. 

As a general statement, catchments need to be considered as unique and sediment budgets formulated with 
consideration of the specifics of the catchment being modelled.  

The implications of excluding model components such as floodplains as erosion zones or coastal processes where those 
processes are occurring, could lead to the underestimation of sediment input to the receiving water body. Furthermore, 
if the observed sediment load is attributed incorrectly to be coming from some other potential sediment source, then 
resources being directed to the mitigation of sediment pollution will be expended ineffectively. 
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