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ABSTRACT 

The East Alligator River drains a 7000 km2 catchment in northern Australia comprised largely of Aboriginal land and 
has a very low average population density of about 0.15 persons per km2. River reaches were classified according to 
geomorphic features on both the East Alligator River and its major tributary, Magela Creek, next to which is located the 
Ranger uranium mine. Sixteen reaches were described for the 241.4 km of the East Alligator River and ten reaches were 
described for the 118.8 km of Magela Creek. The dominant river types on the East Alligator River were various types of 
anabranching rivers, sandstone gorges and cuspate tidal meanders. On Magela Creek the dominant river types were 
wetlands and channel billabongs, island anabranching and sandstone gorges. It is unusual for anabranching rivers and 
gorges to be so dominant. 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 partly confined valley settings. 
 
Keywords: River Reaches; River Types; Sandstone Gorge; Anabranching Rivers; Cuspate Tidal Meanders; Wetlands 

and Channel Billabongs 

1. Introduction 

River and floodplain classification have long been a topic 
of interest to Geographers. Professor W. M. Davis [1] 
first classified rivers into three developmental stages 
(young, mature, old) and then further classified drainage 
network patterns (for example, trellis, dendritic, radial, 
etc.). Ref. [2] identified three types of floodplain based 
on the genetic relationship between channel pattern and 
floodplain structure. These were meander plains, covered 
plains and bar plains. Ref. [3], much later, added anas- 
tomotic plain to the list. 

Rivers or stream channels are now defined in Australia 
as linear, generally sinuous, open depressions character- 
ized by a bed and banks [3]. They transmit water and its 
dissolved material plus fine and coarse sediment from the 
land surface to temporary storage areas, such as wetlands, 
small deltas, fans and floodouts, or to permanent sinks, 
such as large deltas and fans, large lakes and the ocean. 

Sediment entrainment, transport and deposition can go 
through many cycles of temporary storage before sedi- 
ment reaches its final sink. The frequency of flow may be 
highly variable, ranging from permanent to episodic. A 
distinction is sometimes made between rivers and creeks 
on the basis of size, with creeks being smaller than rivers 
[4]. 

In Australia, the combined classification of rivers and 
floodplains was first attempted by [5] and then a different 
approach was adopted by [6]. Internationally, both Aus- 
tralian schemes were developed after what had been 
proposed in the United States of America [7,8]. 

Schemes for the systematic recording of geomorphic 
and associated information on river channel and valley 
characteristics for homogeneous short river reaches have 
been proposed [9-14]. Reference 11 emphasised the im- 
portance of placing a river in its terrain or landscape 
context, a theme revisited by [6]. These schemes are 
suitable for inventory purposes but require detailed in- 
formation based partly on field measurements or obser-  *Corresponding author. 
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vations. This can be very difficult to complete where 
there is no ground access by road or boat and where per- 
missible aerial access by helicopter is very difficult, such 
as on most of the East Alligator River, northern Australia 
(Figure 1). Furthermore, indigenous land tenure in Aus- 
tralia can make access difficult to non-indigenous people 
as well as those from other clans. 

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 Aus- 
tralia [15]. Australian tropical rivers have not received 

the same research attention as their temperate counter- 
parts [16,17] and, as a result, there are many rivers, about 
which little is known [18]. This paper concentrates on the 
tropical coastal East Alligator River and classifies the 
241.4 km of the East Alligator River and the 118.8 km of 
its major tributary, Magela Creek, into geomorphologi- 
cally 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 an uranium mine 
in a World Heritage Listed National Park (see below). 
Each identified reach is then further classified into a spe- 
cific river type based on a range of river typologies. Ma- 

 

 

Figure 1. Little disturbed East Alligator River catchment in northern Australia. 
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gela Creek was also selected for classification because 
the Ranger Uranium Mine is located next to the channel 
[19]. 

2. East Alligator River and Magela Creek 

2.1. Land Tenure 

The East Alligator River is located 150 km east of Dar- 
win and drains into van Dieman Gulf. 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 min- 
ing leases are excised from Kakadu National Park [20] 
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 [20]. Kakadu National Park is jointly managed by 
the traditional owners and the Australian Government 
through Parks Australia via a Board of Management. 

The catchment area of the East Alligator River is about 
7000 km2 and the catchment area of Magela Creek is 
about 1600 km2. 

2.2. 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, floodplains and wetlands, and 
deltaic estuarine floodplains along the lower river [21]. 
Each is briefly described below. 

The Arnhem Land plateau is an exhumed, essentially 
sandstone, tabular upland and constitutes most of the 
catchment of the East Alligator River. It produces low 
sediment yields of predominantly sandy sediment [22]. A 
deeply incised, trellised drainage pattern has developed 
along closely spaced joints and faults in the sandstone 
[21]. 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 ter- 
rain in Figure 1). It varies from 30 to 330 m high and 
rivers exiting the plateau either flow over spectacular 
waterfalls (for e.g. Magela Falls on Magela Creek) or 
dissect the scarp by relatively long, narrow, deep bedrock 
gorges, which follow joints and faults (for e.g. East Alli- 
gator River). 

The Koolpinyah surface is a monotonous lowland be- 
tween the Arnhem escarpment and either erosion-resis- 
tant residuals or floodplains and wetlands or the deltaic 
estuarine floodplain (low terrain in Figure 1). It has de- 

veloped across a wide range of lithologies and is a Terti- 
ary lateritised palaeoplain [23,24] which experienced a 
second phase of lateritisation in the late Quaternary [25]. 

Rivers crossing the Koolpinyah Surface have cut shal- 
low trenches which are occupied by sandy anabranching 
channels, floodplains, palaeochannels and wetlands [26- 
28]. Magela Creek has been investigated in detail [27, 
28]. Multiple Pleistocene terraces and palaeochannels 
flank the contemporary anabranching channel down- 
stream of the Arnhem escarpment which started aggrad- 
ing with sand about 5 - 7 ka [27]. This sand is slowly 
prograding downstream and is burying flood basins, 
billabongs and wetlands on lower Magela Creek [27]. 
Extensive flood basins of Holocene organic clay sedi- 
ments lie between the upstream sandy alluvial plain and 
the downstream deltaic estuarine plain on the East Alli- 
gator River (Figure 1). The flood basin sediments strati- 
graphically overlie Holocene estuarine sediments [28]. 

The deltaic estuarine plain, based on results for the 
South Alligator River, exhibits four distinct channel 
types which in upstream sequence are the estuarine fun- 
nel, sinuous reach, cuspate meander reach and the up- 
stream reach [29,30]. The deltaic estuarine plain devel- 
oped 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 [29,30]. 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 man- 
grove forests became established over most of the pre- 
sent estuarine floodplain. The “sinuous/cuspate phase” 
began about 5.3 ka BP and was characterized by the es- 
tablishment 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 re- 
treated downstream from Mudginberri after 4.4 ka BP 
and the strength of tidal connection was progressively 
severed and the former tidal channels were dismembered 
[28]. The channel and floodplain billabongs of [31,32] 
represent remnants of the former tidal channel. Between 
about 1.5 and 1.0 ka BP, freshwater wetlands formed 
over the lower 250 km2 of Magela Creek (Figure 1) [28]. 

2.3. Geology 

The Arnhem Land plateau and escarpment are composed 
of resistant, horizontally bedded, vertically jointed, strongly 
ferruginous, medium quartz sandstone of the Palaeopro- 
terozoic (Statherian) Mamadawerre Sandstone, Gumar- 
rimbang Sandstone, Marlgowa Sandstone and McKay 
Sandstone of the Kombolgie Subgroup [33,34]. The sand- 
stone is generally more than 95% medium to coarse 
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grained, moderately well sorted, subrounded to subangu- 
lar quartz grains with minor lithic fragments of quartzite 
and quartz-feldspar granophyric intergrowths [33]. A ser- 
ies of volcanic members (Nungbalgarri Volcanics and 
Gilruth Volcanic Member) were extruded contempora- 
neously with the sandstone [33]. 

The Koolpinyah Surface developed largely on Late 
Archaean Nanambu Complex basement rocks and Pro- 
terozoic Lower Cahill Formation which is the host of 
uranium mineralization in this area [33].The carbonate 
rich rocks of the Cahill Formation were deformed and 
metamorphosed before deposition of the Kombolgie Sub- 
group [33]. 

2.4. Climate and Hydrology 

The East Alligator River catchment is located in the 
summer rainfall-tropical climatic zone, characterized by 
heavy periodic rains and generally hot and humid condi- 
tions from November to March and essentially dry and 
mild to warm conditions from April to October [35]. 
Rainfall variability in the summer rainfall-tropical cli- 
matic zone is low to moderate but high daily totals are 
recorded during tropical cyclones [35]. On average, one 
cyclone per year affects the Northern Territory coast [36]. 
Mean and median annual rainfall are similar at each sta- 
tion (rainfall distribution is not skewed) [37] and de- 
creases from about 1500 mm/year at the mouth of the 
East Alligator River to about 1000 mm/year in the south 
of the catchment. Alternating sub-decadal to multi-de- 
cadal, wet and dry periods have occurred over the last 
136 years [37]. Consecutive time periods were usually 
statistically significantly different to each other and each 
wet and dry period were statistically identical to each 
other [37]. It is essential that any field measurements of 
geomorphic and hydrologic processes are correctly as- 
signed to the relevant wet or dry period [37]. 

Figure 2 shows mean monthly discharge at gauging 
stations G8210010 on the East Alligator River and at 
G8210009 on Magela Creek (Figure 1). On the East Al- 
ligator River, streamflow usually commences in Decem- 
ber and persists until April. During wet years, flow can 
persist right through the year although baseflow is very 
low. Streamflow on Magela Creek is similar to the East 
Alligator River, except that it never persists right through 
the year (Figure 2). The largest recorded flood at both 
stations occurred in late February/early March 2007. 

3. River Reaches 

3.1. Methods 

The approach adopted to identify, name and describe 
river reaches in the study area follows [38]. River reaches 
are homogeneous lengths of channel within which hy- 
drologic, geologic and adjacent catchment conditions are 

sufficiently constant so that a uniform river morphology 
is produced [11]. Alternatively, river reaches could be 
defined as relatively homogeneous associations of chan- 
nel units which distinguish them from adjoining reaches 
[6,39]. However the latter approach requires too much 
field work for application in remote areas, such as the 
East Alligator River. Reaches are typically 2 to more 
than 100 km long but can be shorter and longer. 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 [40]. 

Formal names have been given to reaches and com- 
prise at least three terms. The first term is a geographic 
name for a location or feature within or next 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. This 
scheme has been applied to the mid-Goulburn River, 
Victoria by [40], to the Snowy River, New South Wales 
and Victoria by [41,42] and to the Hawkesbury-Nepean 
River, New South Wales by [43]. 

River reaches can then be classified into specific river 
types. Each identified reach on the East Alligator River 
and Magela Creek has been allocated to a river type ac- 
cording to the well-known classification schemes of 
Rosgen [44,45], Brierley and Fryirs [6] and Erskine et al. 
[18,46]. 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 clas- 
sification 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. 

3.2. East Alligator River 

The 241.4 km long East Alligator River has been classi- 
fied into 16 reaches which are shown in Figures 1 and 3, 
and described from upstream to downstream in Table 1. 
Reach place names were obtained from topographic 
maps, geology maps and information sheets for Kakadu 
National Park. Examples of river reaches are shown in 
Figures 4 and 5. 

This work revises our earlier, partial classification of 
the East Alligator River [47] in which we only used the 
river styles framework [6]. Furthermore, unlike the river 
styles framework [6], reach classification needs to em- 
phasise the connections and disconnections between 
catchments, rivers and the ocean which are contingent, to 
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Figure 2. Mean monthly discharge at G8210010 on the East Alligator River and at G8210009 on Magela Creek. See Figure 1 
for location of stations. 
 
some degree, on what happens in estuaries which are 
important sediment stores [28-30]. Therefore, estuaries 
must be included in river classifications and not either 
ignored [44,45] or lumped into a single class which says 
nothing about sediment transport continuity and changes 
in channel behavior throughout the estuary. We are cur- 
rently developing the classes of estuaries for inclusion in 
reach classification. 

Channel scabland consists of extensive bedrock ana- 
branching channels and scour pools eroded by catastro- 
phic 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 [48]. We have identified channel scab- 
land for the first time at the upstream end of the Upper 
East Alligator Gorge (Table 1). Previous palaeoflood 
hydrology on the East Alligator River [49] was con- 
ducted in Reach 8 which the authors recognized was 
subject to scour and fill. Reach 6 is where we are cur- 
rently concentrating palaeoflood investigations with Pro- 
fessor R. J. Wasson of the National University of Singa- 
pore. 

The dominant river type on the East Alligator River is 
sandstone gorge although the various types of ana- 
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Table 1. River reaches on the East Alligator River. See Figures 1 and 3 for their location. 

Reach name Reach characteristics 
Reach length 

(km) 
River type 

[44,45] 
River style [6] River type [18,46]

East Alligator  
Headwater Reach  
(Reach 1) 

Steep headwater channel cut into sandstone with scour 
pools, boulder bars and boulder steps and cascades. 

0.6 
(0 - 0.6) 

A1/A2 Steep headwater Bedrock river 

Marlgowa Upland  
Swamp Reach  
(Reach 2) 

Extensive vegetated low lying area surrounded by  
sandstone. Does not contain a channel. 

1.2 
(0.6 - 1.8) 

No category Intact valley fill 
Non-channelised 

valley floor 

Kombolgie Upland  
Bedrock Reach  
(Reach 3) 

Steep channel cut into sandstone exhibiting long scour 
pools interspersed with sandstone outcrops, and boulder 
steps, cascades and rapids. 

8.7 
(1.8 - 10.5)

A1/A2 Gorge Bedrock river 

Gumarrimbang 
Bedrock  
Anabranching  
Reach (Reach 4) 

Sandstone multiple channels with treed sections on  
sandstone highs. Bed punctuated by waterfalls,  
sandstone steps and scour pools. 

17.3 
(10.5 - 27.8)

DA11 
No category but 

Gorge is the 
closest fit. 

No category but 
bedrock river is 
the closest fit 

Gilruth Ridge 
Anabranching 
Reach (Reach 5) 

Sand-bed with sandy transverse bars and occasional  
sandstone patches exposed in bed. Ridge anabranching 
with common sandy ridges vegetated by Melaleuca  
argentea. 

11.5 
(27.8 - 39.3)

DA5 No category Ridge anabranching

Upper East  
Alligator Gorge  
(Reach 6) 

Scenically attractive sandstone gorge with essentially 
vertical sandstone walls. Rare active rock falls on valley 
side walls with boulder steps in channel. Occasional  
bedrock steps, gravel and boulder cascades and rapids. 
Deep pools present but only rare sandy slackwater  
deposits. Occasional sandstone islands present at  
joint/fault intersections. Channel scabland at upstream 
end of reach with minor bedrock anabranching.  
G8210010 is located in the lower section of this reach.

56.8 
(39.3 - 96.1)

A1 Gorge Bedrock river 

Bulman Bedrock-  
Confined, Island  
Anabranching  
Reach (Reach 7) 

Multiple sand-bed channels with transverse sand bars 
set a narrower sandstone trough than in the next reach 
downstream. Channel usually impinges against  
sandstone valley sides. Linear treed islands and  
billabongs. Unusual river type where multiple sand-bed 
channels are separated by large sand islands vegetated 
with Melaleuca argentea and Melaleuca leucadendra. 
Outer channel frequently impinges against the sandstone 
valley walls. 

15.8 
(96.1 - 111.9)

No category No category Island anabranching

Beatrice Island  
Anabranching  
Reach (Reach 8) 

Multiple sand-bed channels set in a wider sandstone  
trough than in the next reach upstream. Some large treed 
islands and occasional channel billabongs. Site of study 
by [49]. 

13.2 
(111.9 - 125.1

DA5 No category Island Anabranching

Lower East  
Alligator Gorge 
(Reach 9) 

Bedrock channel margin thinly veneered with sand.  
Transverse sand bars present in bed. Long scour pools 
present. 

6.8 
(125.1 - 131.9)

A5 Gorge Bedrock river 

Meakin Island  
Anabranching  
Reach (Reach 10) 

Multiple wide, straight, sand-bed channels with many 
repetitive transverse sand bars storing sand transported 
through the gorge immediately upstream. Large treed 
islands present. Only pools located in constrictions. 

7.6 
(131.9 - 139.9)

5DA  No category Island anabranching

Bardedjilidji  
Bedrock-Confined,  
Island  
Anabranching  
Reach (Reach 11) 

Unusual river type where multiple sand-bed channels 
are separated by large sand islands vegetated with  
Melaleuca argentea and Melaleuca leucadendra. Outer 
channel frequently impinges against the sandstone  
valley walls. 

7.3 
(139.9 - 147.2)

No category No category Island anabranching

Catfish Intermediate 
Floodout Reach  
(Reach 12) 

Intermediate floodout of [50] where the East Alligator 
River ceases to be laterally confined by sandstone.   
Multiple flood channels on right bank floodplain and  
extensive sand splays on river bank and right bank  
floodplain. 

1.6 
(147.2 - 148.8)

No category Floodout 
Intermediate 

floodout 
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Continued 

Cahills Constricted  
Reach (Reach 13) 

Narrow channel with bedrock and laterite  
discontinuously exposed in bed and banks. Extensive 
floodplain present. Continuous flood channel with  
billabongs and sand splays on right bank floodplain  
which is an activated avulsion [22]. 

4.0 
(148.8 - 152.8)

Constricted 
A5/A6 

No category 
Avulsive river is 

the closest fit 

Cannon Hill  
Sinuous Reach  
(Reach 14) 

Sinuous or meandering estuarine reach [30] upstream of 
cuspate meanders. This reach is downstream of the  
cuspate meandering reach on the South Alligator River 
[30]. Cutoffs on floodplain. Avulsion on left bank  
floodplain. 

14.0 
(152.8 - 166.8)

E5/E6 
Possibly 

low-moderate 
sinuosity sand-bed 

Sinuous tidal 
channel/avulsive river

Flying Fox Cuspate  
Meandering Reach  
(Reach 15) 

Cuspate meanders upstream of the funnel [30].  
Extensive and highly active mud bars present. Active 
lateral migration occurring. Mangroves along the banks 
and mangrove islands present. 

53.2 
(166.8 - 220.0)

No Category No category Cuspate meander 

Point Farewell  
Estuarine Funnel  
Reach (Reach 16) 

Funnel [30] at mouth of East Alligator River where it 
discharges into van Dieman Gulf. 

21.8 
(220.0 - 241.8)

No Category No category Estuarine funnel 

1This category is not recognized. 

 

 

Figure 3. Longitudinal profile of the East Alligator River showing the river reaches described in Table 1. For location of river 
reaches see Figure 1. 
 

    
(a)                                                (b) 

Figure 4. Examples of the river reaches identified on the East Alligator River. (a) Steep channel cut into sandstone on the 
Arnhem Land plateau showing scour pools and scoured sandstone surfaces on the East Alligator River in Reach 3 (Kombol-
gie Upland Bedrock Reach); (b) Ridge anabranching with sand ridges vegetated by Melaleuca argentea on the East Alligator 
River in Reach 5 (Gilruth Ridge Anabranching Reach). For location of river reaches see Figure 1 and for description of river 
reaches, see Table 1. 
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(a)                                        (b)        

    
(c)                                          (d)      

Magela Creek

    
(e)                                          (f) 

Figure 5. Examples of the river reach (a) Magela Falls at the start 

ranching rivers are marginally longer (72.3 v 72.7 km) 

gela Creek has been classified into  

the 10 reaches shown in Figures 1 and 6, and described 

ligator River 
(T

     

es identified on the East Alligator River and Magela Creek. 
of the Magela Falls Gorge Reach (Reach 7) on Magela Creek during the wet season. Note cap rock on the falls; (b) Section of 
Upper East Alligator Gorge (Reach 6) on the East Alligator River showing scour pools and cascades; (c) Upstream view of 
sandy transverse bars in the bed and large treed island on right side of photograph in Meakin Island Anabranching Reach 
(Reach 10) on the East Alligator River; (d) Upstream view of the Catfish Intermediate Floodout Reach (Reach 12) on the East 
Alligator River showing sand slug in bed of channel and extensive sand splays on bank and floodplain; (e) Junction of Magela 
Creek and East Alligator River showing cuspate meanders, bars and mangrove islands of the Flying Fox Cuspate Meander 
Reach (Reach 15) on the East Alligator River and the Magela Outflow Sinuous Reach (Reach 10) on Magela Creek; (f) Up-
stream view of Point Farewell Estuarine Funnel Reach (Reach 16) on the East Alligator River. For location of river reaches 
see Figure 1 and for description of river reaches, see Table 1 for East Alligator River and Table 2 for Magela Creek. Long 
profile of the East Alligator River showing location of all river reaches is included in Figure 3 and that for Magela Creek is 
included in Figure 6. 
 
b
(Table 3). The anabranching river reaches on the East 
Alligator River do not occur in laterally unconfined val- 
ley settings, as proposed by [6]. Therefore, a new type of 
anabranching river must be recognized which is found in 
partly confined valley settings. 

from upstream to downstream in Table 2. Examples of 
river reaches are shown in Figures 4 and 5. 

Again sandstone gorges and anabranching reaches are 
common on Magela Creek, as on the East Al

able 3). The Ramsar-listed wetlands on lower Magela 
Creek (Nankeen Channel Billabong, Wetlands and Flood- 
plain Reach in Table 2) represent a dismembered for-
merly tidal channel network [28]. Such atrophying tidal 

3.3. Magela Creek 

The 118.8 km long Ma
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ek. See Figures 1 and 6 for their location. 

Reach Name Reach [6] River type [18,46]

Table 2. River reaches on Magela Cre

 Characteristics 
Reach length 

(km) 
River type 

[44,45] 
River style 

Magela Creek 
Headwater Re

 
ach  

stone channel with no floodplain. 
its present, such as sandstone  

(0  Headwater 
(Reach 1) 

Steep, headwater, sand
High energy channel un
steps, boulder steps, step pools and scour pools. 

2.6  
 - 2.6)

A1/A2 
Steep 

Bedrock river 

Kub-O-Wer Hill  
Bedrock-Confined  

Floodplain pockets present with common sand splays. 
2.4  

(2.6 - 5.0) 
A5 

L  

Confined and 
constrained river 

Plateau Gorge  and long, deep scour pools. Contains short sections of 
3.9  

(5.0 - 8.9) 
A1 Bedrock river 

t  
ultiple sand-bed channels with 

(8.9 - 20.3) 
DA5 No category Island anabranching

y channel scabland. Exhibits  4.7  
(20.3 - 25.0)

No category but 
A6 is closest

Gorge Bedrock river 

drock  
eps. 

drawdown to Magela Falls with little  
(25.0 - 27.4)

No category Gorge Bedrock river 

at 
 boulder bars, boulder  

(27.4 - 37.9)
A6 Gorge Bedrock river 

) 
nnels on right 

(37.9 - 67.7)
DA5 No category Island anabranching

 
ds 

 

Reach (Reach 2) 

Arnhem Land  

Less steep, bedrock-confined sand-bed channel.  

ow sinuosity
planform-  
controlled  

discontinuous 
floodplain 

Gorge 
Reach (Reach 3) 

Kub-O-Wer Faul
Straight  

Steep sandstone gorge with sandstone riffles and steps, 

bedrock anabranching. 

An essentially straight channel which closely follows 
the Kub-O-Wer Fault. M

Anabranching  
Reach (Reach 4) 

Mamadawerre  
Upland Gorge  

island and bar anabranching. Islands vegetated with  
Melaleuca argentea. 

A sandstone gorge, often with two or more bedrock  
channels and flanked b

11.4  

(Reach 5) 

Nungbalgarri  
Upland Be

deep, narrow pools, waterfalls, bedrock steps and  
boulder bars. 

An open, sandstone channel with many sandstone st
Marked steep 

Reach (Reach 6) 

Magela Falls  
Gorge (Reach 7) 

deposited gravel and sand. 

Deep sandstone gorge with waterfall and plunge pool 
upstream end. Sandstone steps,

2.4  

steps, cascades, rapids and deep pools. 

Up to four channels separated by stable sandy forested 
islands and sand bars [18,27]. Palaeocha

10.5  

Jabiru Island  
Anabranching  
Reach (Reach 8

Nankeen Channel 
Billabong, Wetlan

bank side of valley convey water every wet season. 

Channel billabongs [31,32], palaeochannels, wetlands 
and sand levees. Formerly tidal channel that has been

29.8  

and Floodplain  
Reach (Reach 9) 

dismembered [28] with some remnants of the former  
tidal channel preserved as channel billabongs. Extensiv
shallow inundation. 

Mangrove-lined channel reactivating a cutoff on the  
East Alligator River. 

e 

42.6  
(67.7 - 110.3)

No category No category 
Lakes, swamps and 

billabongs 

Discharges into the East Alligator 
8.5  

(110.3 - 118.8)
E6 but tidal No category Sinuous tidal channel

Magela Outflow  
Sinuous Reach  
(Reach 10) River in the cuspate meandering reach. 

 
channels are pre cellent 
xamples also present on the Snowy River estu-Ary in 

ations that we applied to the East Alli- 
agela Creek, either do not accommo- 

 

l scheme in Australia, all would require ex- 
tensive revision, including our own. In some cases, this is 

sent right round Australia with ex
e
Victoria and on the Hawkesbury River estuary in New 
South Wales. This strengthens our claim that an appro- 
priate estuary classification scheme must be developed 
for inclusion in a national river classification scheme. 
River styles [6] certainly do not do this although it might 
be able to be modified to include the wide range of tidal 
channels in Australia. 

4. Discussion 

All river classific
gator River and M
date all identified river reaches (i.e. no appropriate class) 
or fail to discriminate between different reach types (i.e. 
different reach types placed in same class). Clearly, if 
any of the river classification schemes were to be used 

simply a matter of adding a class that is currently unrec- 
ognized. For example, Rosgen [44,45] currently does not 

for a nationa

recognize bedrock anabranching rivers but they can eas- 
ily be accommodated in a new class DA1. A more seri- 
ous issue is the inability of river styles [6] to handle all 
types of anabranching rivers. Under the current scheme, 
river styles recognizes only two types of anabranching 
river, wandering gravel bed and fine grained anabranch- 
ing, both of which only occur in laterally unconfined val- 
ley settings. No anabranching rivers in the East Alligator 
River catchment belong to either category yet anabranch- 
ing rivers are the dominant river type (Table 3). 

Figure 4(b) shows ridge anabranching on the East Al- 
ligator River and Refs. [18,27] discuss island ana-branch- 
ing on Magela Creek. Neither type of sand-bed channel 
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Table 3. Summary of river types on the Ea

ela creek Magela creek Both channels Both channels 

st Alligator River and Magela Creek. 

East alliagtor river East alliagtor river Mag
River type 

River length (km) 
Percentage of total 

river length (%) 
River length (km)

Percentage of total 
river length (%) 

River length (km) 
Percentage of total 

river length (%) 

Steep headwate 0.6 0.25 2.6 2.2 3.2 0.89 

Unchannelled 

72. 91.

anching 17. 17.

g 

41.  35

1  

 0.

14.0 7.  

53.  53.  

 0 2. 2. 0.  

2. 2. 0.

 

1.2 0.50 0 0 1.2 0.33 

Sandstone gorge 3 30 19.1 16 4 25 

Bedrock anabr 3 7.2 0 0 3 4.8 

Ridge anabranchin 11.5 4.8 0 0 11.5 3.2 

Island anabranching 20.8 8.6 2  62.0 17 

Confined-bedrock  
island anabranching 

23.1 9.6 0 0 23.1 6.4 

All types of  
anabranching 

Intermediate floodout

72.7 30 41.2 35 13.9 32 

1.6 0.66 0 0 1.6 44 

Constricted 4.0 1.7 0 0 4 1.1 

Sinuous tidal reach  5.8 8.5 2 22.5 6.2 

Cuspate meander 2 22 0 0 2 15 

Estuarine funnel 21.8 9.0 0 0 21.8 6.1 

Bedrock-confined 0 4 0 2.4 67

Upland bedrock 0 0 4 0 2.4 67 

Wetlands and channel 
billabongs 

0 0 42.6 35.9 42.6 12 

 

 

Figure 6. Longitudinal profile of Magela Creek showing the river reaches described in Table 2. For location of river reaches 
see Figure 1. 
 

ieve that there is a new anabranching river 
pe that is bedrock-confined. We know the Bardedjilidji 

channel at the outer edge of the island belt impinges 
against sandstone for 25% of the valley length and, there- 

is currently accommodated by river styles [6]. Further- 
more, we bel

we have been researching it for many years [47]. The 

ty
Bedrock-Confined, Island Anabranching Reach (Reach 
11) of the East Alligator River (Table 1) the best because 

fore, conforms to the partly confined valley setting of [6]. 
The sinuosity of the individual channels is very low (P < 
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1.1) and so are straight [51] or low sinuosity [6]. Each 
channel is separated by high, well vegetated islands al- 
though there is extensive erosion of the islands during 
extreme events [47]. Therefore, a new type of island ana- 
branching channel should be added to [6] which is in- 
cluded in the partly confined valley setting and which is 
characteristed by multiple, straight, sand-bed channels 
(up to 4) separated by high treed islands equivalent to the 
floodplain of a single channel river. An anabranching 
category also needs to be added to the confined valley 
setting for bedrock anabranching rivers (Reach 4 on the 
East Alligator River in Table 1). 

References [29,30] have clearly demonstrated that es- 
tuaries exhibit much spatial variation in morphology, 
sediments, hydrodynamics and vegetation. River classi- 
fications need to adequately account for these spatial va- 
riations by incorporating appropriate classes for all estu- 
ary types. In particular, connections and disconnections 
in

 of the total river length classified (Table 3). This 
is

as subject to frequent scour and fill, a fact that they 
ex

hy

5.

agela Creek. Dominant river types on 
er were anabranching rivers, sand- 

cuspate tidal meanders. On Magela 

ouncil gave permis- 
 National Park and Arnhem 
ry prepared figures. 

 water and sediment fluxes between different reaches 
must be adequately understood. This is not currently the 
case. 

The East Alligator catchment is very old with the land- 
scape having formed by erosion and weathering since the 
mid-Tertiary [21]. Despite major climate and sea level 
changes, gorges and bedrock-confined rivers (Figure 4(a) 
and Figures 5(a)-(c)) are still very common, forming 
38.6%

 geomorphologically unusual. The old landscape is cur- 
rently producing low sediment but high water yields, ex- 
cept where disturbed by mining and feral animals [21, 
22]. 

Ref. [49] undertook palaeoflood hydrology research in 
Reach 8 of the East Alligator River and found that the 
existing slackwater deposits were very young, only oc- 
curring at low elevations. Because they had not identified 
the river reaches on the East Alligator River, their study 
site w

plicitly recognized. It is now clear that such research 
should be completed in the Upper East Alligator Gorge 
(Reach 6) and we are undertaking this research. 

On Magela Creek, we have identified channel scab- 
land in the Mamadawerre Uplands Gorge (Reach 5) (Ta- 
ble 2). We are unaware of any of the previous geomor- 
phic investigations of the East Alligator River recogniz- 
ing this gorge and its associated channel scabland. Slack- 
water deposit investigations to determine palaeoflood 

drology should also be undertaken. 
Further research is needed on Australia’s tropical riv- 

ers to better understand their form, processes and func- 
tioning before short-sighted politicians attempt to de- 
velop northern Australia. As part of this increased knowl- 
edge, classification and description of more rivers are 
needed urgently. 

 Conclusion 

River reaches on the East Alligator River and Magela 
Creek, were classified according to geomorphic features. 
Sixteen reaches were described for the 241.4 km of the 
East Alligator River and ten reaches were described for 
the 118.8 km of M
the East Alligator Riv
stone gorges and 
Creek, dominant river types were wetlands and channel 
billabongs, island anabranching and sandstone gorges. It 
is rare for anabranching rivers and gorges to be so domi- 
nant. Current river classification schemes could not ac- 
commodate all the river types and need to be modified 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. 
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