
7th Australian Stream Management Conference - Full Paper 

Downstream Changes in River Reaches from the Catchment to the Sea in 
the East Alligator River basin, Northern Australia 
 
M.J. Saynor1 and Wayne D. Erskine1,2,3

 

1. Environmental Research Institute of the Supervising Scientist, GPO Box 461, Darwin NT 0801. Email: Mike.Saynor@environment.gov.au 

2. School of Environmental and Life Sciences, The University of Newcastle, PO Box 127, Ourimbah NSW 2258 

3. Research Institute for the Environment and Livelihoods, Charles Darwin University NT 0909 

 
Key Points 
• River reach mapping of the little disturbed East Alligator River and its major named tributaries in Arnhem Land 

and Kakadu National Park, NT reveal unusual changes from the catchment to the sea. 
• Steep sandstone gorges and various types of little studied anabranching rivers dominate. 
• The upper estuary of both Magela and Cooper creeks has been converted to an extensive freshwater wetland 

with channel and floodplain billabongs over the last 2000 years. 
• Bedrock anabranching rivers and channel scabland formed by cataclysmic floods are present on the East 

Alligator River and Magela and Cooper creeks. 
 

Abstract 
The East Alligator River drains a 7000 km2 catchment in northern Australia comprised largely of Aboriginal land, has a 
very low average population density and poor access. River reaches were classified according to geomorphic features on 
the East Alligator River and its major tributaries, Magela, Cooper and Tin Camp creeks. Magela Creek has the Ranger 
uranium mine located next to it, upstream of the Ramsar-listed Magela Creek wetlands and Cooper Creek has the 
rehabilitated Nabarlek uranium mine in its upper catchment. Sixteen reaches were described for the 241.4 km of the 
East Alligator River, ten reaches were described for the 118.8 km of Magela Creek, six reaches for 147.3 km of Cooper 
Creek and eight reaches for 79.7 km of Tin Camp Creek. The dominant river type in the East Alligator catchment was 
various types of anabranching rivers. It is unusual for anabranching rivers to be so dominant, especially for rivers so close 
to the sea. Current river classification schemes could not accommodate all the various river types and need to be 
modified so that tidal channels are covered in more detail and so that the classification of anabranching rivers recognises 
that sand-bed varieties occur in a number of different valley settings.  
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Introduction 
As large-scale irrigated agriculture attempts to move to tropical Australian rivers, our current understanding of the types 
of rivers and their aquatic habitats, among other things, must be known in detail to prevent similar river degradation to 
that which has occurred in southern Australia (Erskine et al., 1999). Australian tropical rivers have not received the same 
research attention as their temperate counterparts (Gehrke, 2005) and, as a result, there are many rivers, about which 
little is known (Erskine et al., 2005). This paper concentrates on the tropical coastal East Alligator River and classifies the 
main stream and its three named tributaries, Magela, Cooper and Tin Camp creeks, into geomorphologically 
homogeneous river reaches. The East Alligator River was selected because it is a minimally disturbed catchment with an 
average population density of about 0.15 person/km2 and because it contains both an operating and a rehabilitated 
uranium mine in an area owned largely by indigenous people. Each identified reach is classified into a specific river type 
based on a range of river typologies. Our preliminary results for the East Alligator River and Magela Creek were 
presented in Saynor & Erskine (2013) but are greatly expanded here. 

East Alligator River Catchment 
The East Alligator River drains into van Dieman Gulf in northern Australia. Figure 1 shows the drainage basin which is 
composed of the World Heritage Listed Kakadu National Park, indigenous land forming part of Arnhem Land Aboriginal 
Reserve and two mining leases (Ranger and Jabiluka) currently held by Energy Resources of Australia (Figure 1). The 
mining leases are excised from Kakadu National Park and are to be rehabilitated so that they are suitable for inclusion in 
Kakadu National Park. A former uranium mine, Nabarlek, is located on Cooper Creek in Arnhem Land. 
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Landforms 
The main large-scale landforms of the East Alligator River catchment are an extensive sandstone upland known, as the 
Arnhem Land plateau; the spectacular edge of the plateau, known as the Arnhem escarpment; an extensive, highly 
weathered lowlands below the escarpment, known as the Koolpinyah surface; flood-plains and wetlands; and deltaic 
estuarine floodplains along the lower river. The Arnhem Land plateau is an exhumed, essentially sandstone, tabular 
upland and constitutes most of the catchment of the East Alligator River. It coincides with high terrain in Figure 1. The 
Arnhem escarpment is a striking scenic feature at the edge of the sandstone plateau (edge of the high terrain in Figure 
1). Rivers exiting the plateau either flow over spectacular waterfalls (for eg Magela Falls on Magela Creek) or dissect the 
scarp by relatively long, narrow, deep bedrock gorges, which follow joints and faults (for eg East Alligator River). The 
Koolpinyah surface is a monotonous lowland between the Arnhem escarpment and either erosion-resistant residuals or 
floodplains and wetlands or the deltaic estuarine floodplain (low terrain in Figure 1). Rivers crossing the Koolpinyah 
Surface have cut shallow trenches which are occupied by sandy anabranching channels, floodplains and palaeochannels. 
The contemporary anabranching channel of Magela Creek downstream of the Arnhem escarpment started aggrading 
with sand about 5-7 ka (Nanson et al., 1993). This sand is slowly prograding downstream and is burying flood basins, 
billabongs and wetlands on lower Magela Creek (Nanson et al., 1993). Extensive flood basins of Holocene organic clay 
sediments lie between the upstream sandy alluvial plain and the downstream deltaic estuarine plain on the East Alligator 
River (Figure 1). The flood basin sediments stratigraphically overlie Holocene estuarine sediments (Clark & Guppy, 1988; 
Wasson, 1992). 

The deltaic estuarine plain, based on results for the South Alligator River, exhibits four distinct channel types which in 
upstream sequence are the estuarine funnel, sinuous reach, cuspate meander reach and the upstream reach (Woodroffe 
et al. 1989). The deltaic estuarine plain developed in three major phases over the last 8 ka as sea level rose from about -
14 m below sea level to its present level after 5.8 ka BP (Woodroffe et al., 1989). The ‘transgressive phase’ (8-6.8 ka BP) 
marked the final marine flooding of the prior valley and the development of mangrove forests. Then the ‘big swamp 
phase’ (6.8-5.3 ka BP) occurred as sea level stabilized around its present level and mangrove forests became established 
over most of the present estuarine floodplain. The ‘sinuous/cuspate phase’ began about 5.3 ka BP and was characterized 
by the establishment of a meandering estuarine channel flanked by a marginal zone of mangroves. Freshwater swamps 
developed and overbank deposits were laid down on the floodplain surface. On Magela Creek, mangroves retreated 
downstream from Mudginberri after 4.4 ka BP and the strength of tidal connection was progressively severed and the 
former tidal channels were dismembered (Clark & Guppy, 1988; Wasson, 1992). The channel and floodplain billabongs of 
(Hart & McGregor, 1980; Walker & Tyler, 1984) represent remnants of the former tidal channel. Between about 1.5 and 
1.0 ka BP, freshwater wetlands formed over the lower 220 km2 of Magela Creek (Figure 1)(Clark & Guppy, 1988; Wasson, 
1992). 

Geology 
The Arnhem Land plateau and escarpment are composed of resistant, horizontally bedded, vertically jointed, strongly 
ferruginous, medium quartz sandstone of the Palaeoproterozoic (Statherian) Mamadawerre Sand- 
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Figure 1. Little disturbed East Alligator catchment in northern Australia. Reach boundaries on East Alligator River and 
Magela Creek are shown. 

stone, Gumarrimbang Sandstone, Marlgowa Sandstone and McKay Sandstone of the Kombolgie Subgroup (Carson et al., 
1999). A series of volcanic members (Nungbalgarri Volcanics and Gilruth Volcanic Member) were extruded 
contemporaneously with the sandstone. The Koolpinyah Surface developed largely on Late Archaean Nanambu Complex 
basement rocks and Proterozoic Lower Cahill Formation which is the host of uranium mineralization in this area. The 
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carbonate rich rocks of the Cahill Formation were deformed and metamorphosed before deposition of the Kombolgie 
Subgroup. 

River Reaches 

Methods 
The approach adopted to identify, name and describe river reaches in the study area follows Erskine (2005). River 
reaches are homogeneous lengths of channel and floodplain within which hydrologic, geologic and adjacent catchment 
conditions are sufficiently constant so that a uniform river morphology is produced (Kellerhals et al., 1976). Alternatively, 
river reaches could be defined as relatively homogeneous associations of channel units which distinguish them from 
adjoining reaches (Bisson & Montgomery, 1996; Brierley & Fryirs, 2005). However the latter approach requires too much 
field work for application in remote areas, such as the East Alligator River. It is relatively easy to identify the core length 
of a reach, but it is more difficult to define precisely the boundaries of a reach because of their transitional nature 
(Erskine, 1996). 

Formal names have been given to reaches and comprise at least three terms. The first term is a geographic name for a 
location or feature within or close to the reach. The second term is a geomorphological descriptor for one of the 
dominant characteristics of the reach. The third term, when needed, is the word, reach or zone. 

River reaches can then be classified into specific river types. Each identified reach in the East Alligator River catchment 
has been allocated to a river type according to the well-known classification schemes of Rosgen (1996), Brierley and 
Fryirs (2005) and Erskine et al. (2005). It is demonstrated below that each scheme has its strengths and weaknesses. 
However, these schemes cannot currently account for the range of river types found in the East Alligator River 
catchment. Clearly changes are required to all three schemes to enable classification of all river reaches in the East 
Alligator River catchment. 

We do not believe that each reach of the same river type/style has progressed through the same evolutionary pathway. 
Therefore, each reach with the same river type/style may not behave identically in future and different river 
management predictions are required for each reach, not each river type. This is similar to Brierley & Fryirs (2005). 

Results 

East Alligator River 
The 241.4 km long East Alligator River has been classified into 16 reaches which are shown in Figure 2 and are described 
in detail by Saynor & Erskine (2013) who also classify each reach into river types. Reach place names were obtained from 
topographic maps, geology maps and information sheets for Kakadu National Park. This work revises our earlier, partial 
classification of the East Alligator River (Saynor et al., 2012) in which we only used the river styles framework (Brierley & 
Fryirs, 2005). Furthermore, unlike the river styles framework, reach classification needs to emphasise the connections 
and disconnections between catchments, rivers and the ocean which are contingent, to some degree, on what happens 
in estuaries which are important sediment stores. Therefore, estuaries must be included in river classifications and not 
either ignored (Rosgen, 1996) or lumped into a single class which says nothing about sediment transport continuity and 
changes in channel behavior throughout the estuary (Brierley & Fryirs, 2005). We are currently developing the classes of 
estuaries for inclusion in reach classification and include some of our preliminary classes here. 

Channel scabland consists of extensive bedrock anabranching channels and scour pools eroded by catastrophic floods on 
bedrock uplands where the formative floods could not be contained in a single channel. They have been previously 
identified on the neighbouring Katherine River (Baker & Pickup, 1987). We have identified channel scabland for the first 
time at the upstream end of the Upper East Alligator Gorge (Reach 6 in Figure 2). Previous palaeoflood hydrology on the 
East Alligator River (Murray et al., 1992) was conducted in Reach 8 which the authors recognized was alluvial and subject 
to scour and fill. Reach 6 is where we are currently concentrating palaeoflood investigations with Professor R. J. Wasson 
of the National University of Singapore. 

The dominant river type on the East Alligator River is sandstone gorge although the various types of anabranching rivers 
are marginally longer (72.3 v 72.7 km). The anabranching river reaches on the East Alligator River do not only occur in 
laterally unconfined valley settings, as proposed by Brierley & Fryirs (2005). Therefore, a new type of anabranching river 
must be recognized which is found in partly confined valley settings. 
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Magela Creek 
The 118.8 km long Magela Creek has been classified into the 10 reaches shown in Figure 2 and described in detail by 
Saynor & Erskine (2013). Again sandstone gorges and anabranching reaches are common on Magela Creek, as on the 
East Alligator River. Reach 5 (Mamadawerre Upland Gorge) exhibits channel scabland and has not been previously 
identified as a potential site for palaeoflood investigations. We are currently investigating this area. The Ramsar-listed 
wetlands on lower Magela Creek (Nankeen Channel Billabong, Wetlands and Floodplain Reach or Reach 9 in Figure 2) 
represent a dismembered formerly tidal channel network (Clark & Guppy, 1988; Wasson, 1992). Such atrophying tidal 
channels are common in the Alligator Rivers Region (Russell-Smith, 1985).  

  

Figure 2. Long profiles of (Left) East Alligator River and (Right) Magela Creek showing the river reaches of Saynor and 
Erskine (2013). 

Cooper Creek 
The 147.3 km long Cooper Creek has been classified into the six reaches shown in Figure 3 and described for the first 
time in Table 1. Again anabranching is common on Cooper Creek (Reach 3). The unusual features of Cooper Creek are 
the bedrock anabranching reach (Reach 4) close to the estuary and the dismembered formerly tidal channel and 
floodplain now characterized by wetlands and channel billabongs (Mt Borradaile Wetlands and Channel Billabongs 
Reach)(Table 1) immediately upstream of the estuary. The lower 37.9 km of the channel is still tidal and flanked by a 
mangrove plant community (Messel et al., 1979). The Mt Borradaile Wetlands and Channel Billabongs Reach on lower 
Cooper Creek represent a dismembered formerly tidal channel network similar to what occurred on lower Magela Creek 
(Clark & Guppy, 1988; Wasson, 1992). The estuary used to extend upstream to a resistant outcrop of sandstone which 
exhibits channel scabland (Reach 4). Coopers Lagoons are a series of inactive plunge pools with three waterfalls at the 
upstream end but are located on the plateau surface and are disconnected from the main bedrock anabranching 
channels. They are only active during cataclysmic floods. Cooper Lagoons Bedrock Anabranching Reach is similar to the 
basalt erosional channels in Washington described by Baker (1973). 
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Figure 3. Long profiles of (Left) Cooper Creek and (Right) Tin Camp Creek showing the river reaches defined in this 
paper. 

 
Table 1. River reaches on Cooper Creek. 

 
Reach Name      

 

Reach Characteristics Reach Length 
(km) 

River Type 
(Rosgen 
1996) 

River Style (Brierley 
& Fryirs 2005) 

River Type (Erskine 
et al 2005) 

Spencer Range 
Headwater Reach 
(Reach 1) 

Small steep upland headwater 
sandstone channel with scour 
pools. 

1.5 
(0 – 1.5) 

A1/A2 Steep Headwater Bedrock River 

Nabarlek 
Bedrock-Confined 
Reach (Reach 2) 

Bedrock-confined channel where 
river flows off plateau into a 
small joint-controlled valley. 

6.8 
(1.5 – 8.3) 

B1 Gorge Gorge 

Nimbuwah  
Anabranching 
Reach (Reach 3) 

Vegetated, sand ridge and island 
anabranching, sand-bed channels 

74.2 
(8.3 – 82.5) 

DA5 No Category Ridge and Island 
Anabranching 

Coopers Lagoons 
Bedrock 
Anabranching 
Reach (Reach 4) 

Multiple sandstone anabranching 
channels. Bed punctuated by 
waterfalls, sandstone steps and 
long scour pools. Plateau surface 
has been flood scoured free of 
debris. 

15.5 
(82.5 – 98.0) 

DA1* No category but 
Gorge is best fit. 

No category but 
Bedrock River is 
best fit. 

Mt Borradaile 
Wetlands and 
Channel Billabong 
Reach (Reach 5) 

Abandoned former tidal channel 
now characterized by wetlands 
and remnants of former tidal 
channels which are now channel 
billabongs. 

11.4 
(98.0 – 109.4) 

No 
Category 

No category Lakes Swamps and 
Billabongs 

Cooper Creek 
Sinuous Estuarine 
Reach (Reach 6) 

Sinuous mud-lined channel 
flanked by mangroves with an 
extensive floodplain. 

37.9 
(109.4 – 147.3) 

No 
Category 

No Category Sinuous 
Meandering Reach 

* A suggested new river type 

Tin Camp Creek 
The 79.7 km long Tin Camp Creek has been classified into the eight reaches shown in Figure 3 and described for the first 
time in Table 2. Again various types of anabranching are common on Tin Camp Creek (Table 2). There is no estuarine 
section on Tin Camp Creek because it flows into the East Alligator River upstream of the estuary. Myra Falls Gorge (Reach 
5) is a very short bedrock section sandwiched between anabranching reaches both up- and downstream. Downstream of 
Myra Falls bedrock has progressively less influence on channel morphology, the depth of valley fill increases and the 
width of the bedrock valley-floor increases. As a result, the type of anabranching changes from Sand and Bedrock Ridge 
Anabranching to Sand Ridge Anabranching to Floodplain Anabranching. 

Table 2. River reaches on Tin Camp Creek. 

Reach Name      

 

Reach Characteristics Reach Length 
(km) 

River Type 
(Rosgen 

1996) 

River Style 
(Brierley & Fryirs 

2005) 

River Type 
(Erskine et al 

2005) 
Beatrice Headwater 
Reach (Reach 1) 

Small steep upland headwater 
sandstone channel. 

3.8 
(0 – 3.8) 

A1/A2 Steep 
Headwater 

Bedrock River 

Caramal Bedrock-
Confined Reach 
(Reach 2) 

Bedrock-confined channel where 
river flows off sandstone plateau 
onto a bedrock lowland. 

11.5 
(3.8 – 15.3) 

B1 Gorge Bedrock-
Confined and –
Constrained 
River 

Oenpelli Alternating 
Short Bedrock and 
Long Sand Ridge 
Anabranching Reach 
(Reach 3) 

Anabranching channel comprising 
short sections of bedrock ridges 
separating long sections of sand 
ridges. 

11.8 
(15.3 – 27.1) 

No Category 
but includes 
DA5 

No Category Bedrock and 
Ridge 
Anabranching 

Tin Camp Ridge 
Anabranching Reach 
(Reach 4) 

Multiple sand-bed channels 
separated by vegetated ridges and 
islands. 

11.9 
(27.1 – 39.0) 

DA5 No Category Ridge and Island 
Anabranching 
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Myra Falls Gorge 
(Reach 5) 

Short gorge consisting of 
oversteepened section, waterfall 
and plunge pool. 

0.8 
(39.0 – 39.8) 

A1 Gorge Gorge 

Kudjumarndi Sand 
and Bedrock Ridge 
Anabranching Reach 
(Reach 6) 

Alternating bedrock ridge 
anabranching and sand ridge 
anabranching channel in a bedrock-
confined valley. 

9.8 
(39.8 – 49.6) 

No Category No Category Bedrock and 
Ridge 
Anabranching 

Mt Howship Ridge 
Anabranching Reach 
(Reach 7) 

Sand ridge and sand-bed 
anabranching channel in a bedrock-
confined valley. 

4.2 
(49.6 – 53.8) 

DA5 but 
bedrock-
confined 

No Category Ridge 
Anabranching 

Meikinj Floodplain 
Anabranching Reach 
(Reach 8) 

Multiple small sand-bed channels 
separated by large islands of 
floodplain and extensive 
backswamps. 

25.9 
(53.8 – 79.7) 

DA5 Fine Grained 
Anabranching 

Island 
Anabranching 

Conclusions 
River reaches in the East Alligator River catchment were classified according to geomorphic features. Sixteen reaches 
were described for the 241.4 km of the East Alligator River, ten reaches for the 118.8 km of Magela Creek, six reaches for 
the 147.3 km of Cooper Creek and eight reaches for the 79.7 km of Tin Camp Creek. These are the only named rivers in 
the 7000 km2 catchment. Dominant river types on the East Alligator River were anabranching rivers, sandstone gorges 
and cuspate tidal meanders. On Magela Creek, dominant river types were wetlands and channel billabongs, island 
anabranching and sandstone gorges. On Cooper and Tin Camp creeks, anabranching rivers dominated. It is rare for 
anabranching rivers and bedrock rivers/gorges to be so dominant. Current river classification schemes could not 
accommodate all the river types and need to be modified (including our own) so that tidal channels are covered in more 
detail and so that sand-bed varieties of anabranching rivers are recognised in partly confined valley settings. An 
appropriate estuary classification scheme must be developed for inclusion in a national river classification scheme. River 
styles (Brierley & Fryirs, 2005) certainly do not do this although river styles might be able to be modified to include the 
wide range of tidal channels and floodplains in Australia. All of the tested river classification schemes need further 
development to be suitable for a national Australian scheme. 
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