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Aeolian Dunes: Bi-directional trough cross bed sets of red brown,
very fine to silt. Dunes form on Eastern side of Delta Plain due 
to prevailing seasonal wind pattern. Dunes tend to form when 
sediment movement is blocked elevational relief changes from splay
buildups or levees. Dunes can achieve lengths of 1000 meters long,
100 meters wide, and up to 3 meters tall. 
Dune: Largest - 10:1:.003, Smallest - 6:1:.002 

LiDAR-Colored Contour Interval Map
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Methods

The De Grey River in Western Australia is 
tropical-arid by its latitude (20 degrees S) 
and annual rainfall and evaporation rates 
of 300 mm and 500 mm respectively (Bureau
of Meteorology, 2022). The De Grey has the
second largest catchment size, 56,890 km^2,
and largest mean annual discharge with 1342
GL in the De Grey in the region (Department
of Water, 2012). The tropical coast’s dryland
rivers are distinct from other humid climate rivers by being ephemeral, having
extremely variable discharges with mostly flash floods, losing discharge to 
seepage downstream, and a greater tendency for nonequilibrium channel behavior 
(Tooth, 2013).
The Pilbara coast’s alignment between the dry continental interior airflow and
the tropical maritime air of the Indian Ocean creates a mixed climate of
extreme weather. Low pressure systems form off the northern coast where 
these two systems coalesce. Intense heat from the summer with temperatu-
res exceeding 40 degrees C adds strength to cyclonic storms that then travel
poleward and cross inland. The path and intensity of the cyclones vary from
year to year, ranging from zero to multiple in one year. December of 1999 to 
December of 2000 recorded five cyclones that made landfall in the vicinity of
the De Grey and the Coolenar Pool gauging station  reflects the highest
discharge since recording started. These discharge events are what constru-
cts and maintains the De Grey’s channel’s bank full dimensions and when 
overtopped in high event years like 2000, supplied sediments to the floodpla-
in as levee building assemblages or splays. Splays are common in ephemeral
dryland river systems due to the highly variable discharge; Tooth (2005) asse-
rts floodplain splay morphology is poorly known from restricted studies and 
will aid in environmental analysis of deposits in the rock record.

Large dryland ephemeral deltas are important reservoirs for oil, gas, and CO2. 
The De Grey Delta is impacted by a macrotidal range, cyclonic storms, and a 
high wave base during the storms. This study defines facies characterization 
and spatial recognition of elements through landforms within the fluvial dom-
inated upper delta plain. The study uses lidar scanning of the delta plain for el-
ement-scale mapping, followed by field investigation of outcrops, trenches, 
and shallow auger holes. The ephemeral, single thread, wide and shallow, 
lower-flow-regime De Grey channel, comprises medium-to-coarse grained 
quartz sands in cross bedded bed sets making up larger unit bars and ultimate-
ly side-attached compound bars. The trunk channel ultimately narrows after 
its avulsion node from 1,000m to 300m on average. Thalwegs host cob-
ble-pebble grained planar cross sets. Floodplain elements comprise amalgam-
ated channel splays with a fining upward lithology of pebble to fine sand to 
silty texture, the coarser grained, basal beds are interpreted as synchronous 
with the avulsion of the active channel since, the older abandoned channel is 
back filled and blocks flows, enhancing size of overbank sediments. Excep-
tionally large levees are upstream adjacent of the avulsion node, and comprise 
massive bioturbated sands, silts and clays, and are highly vegetated. Splays 
and over bank deposits border and combined, extend up to 4 times the width 
with similar lengths of the channels. As barriers to prevailing seasonal wind 
directions aeolian dune facies add height to these levees. The floodplain is 
also characterized by dunes 2-3 meters high with alternating cross bed sets 
pointing in opposing directions due to the switching patterns of winter/sum-
mer seasons. The ephemeral processes affecting the De Grey have evolved 
depositional elements in critical need of analogue modeling for paleo-sys-
tems.

Bureau of Meteorology, 2022, Water Data Online, Volume 2022.

Tooth S. Dryland Fluvial Environments: Assessing Distinctiveness and Diversity from a Global Perspective. In: John F. Shroder (Editor-in-chief), Wohl, E. 
(Volume Editor). Treatise on Geomorphology, Vol 9, Fluvial Geomorphology, San Diego: Academic Press; 2013. p. 612-644.
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Sentinel Satellite Images Show three Images of a Tropical Storm that dropped rainfall in the De Grey River’s Drainage Basin allowing us to see a glimpse of the processes that form the Architectural Elements of the De Grey Delta.  
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Discussion
Several element and facies facies patterns emerge from the data:

Levees can build tall in the trunk system updip of the channel’s bifurcation point as they recieve more sediments from 
overbank flows over longer periods of time than individual distributary channels which are only active once before 
avulsing and backfilling. The freshwater inundation from flows also contributes to more bioturbation and large euca-
lyptus tree root systems may act as a stabilizing force. 

The Eastern side of the delta plain contains all of the aeolian dunes as the dominant yearly wind pattern is from the 
East, the dunes build up against sides of levees and splays with enough relief to block dune movement. 

The coarser grained active distributary channel is up dip of the intertidal range’s backwater zone. Gravitational shear 
force is reduced as the river meets the body of water 26 km inland and coarser sediments are no longer able to move 
downstream. Clay drapes start to persist in the unit bar record in the intertidal reaches, while none are preserved in the 
Delta Plain’s unit bars, flocculation of fine sediments when they come into contact with salt water contributes to this 
effect. Both stretches have lower flow regime trough cross bedding, only the back-filled inactive distributary channel’s 
unit bar tops have upper flow regime humpback and swales fabric due to shallow depths of flow during deposition.

Overbank splays have a bimodal distribution for the same reason as grain sizes in the active distributary. The high tide 
during flooding raises the water level in the active distributary beginning 25 km inland (5-7 meter elevation). They do 
not flow far outwards as the entire length of the distributary is overtopped and may partially submerge during high tide 
time periods. Up dip of the backwater’s influence splays overtop channel banks and extend out onto the floodplain for 
up to several kilometers. When looking at the inactive distributary channel as an analogue for the active one’s evolu-
tion, it is two times as wide. Widening of the channel 300 meters is seen in the year 2000, after five cyclones hit the De 
Grey’s drainage basin.The widening occured near the inititiation of the backwater zone and will continue to do so until 
coarser material can no longer move along that stretch due to the sudden loss of shear stress and start to back fill. An 
avulsion will commence thereafter and the new channel will find the path of least resistance to the Pacific again.
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Sedimentological analysis of trenches and auger holes provided facies characteristics of the delta plain’s
elements. LiDAR imagery was processed in ArcGIS Pro for elevation modeling to analyze the delta element’s 
dimensions. Historical landsat satellite imagery was accessed through the public Sentinel Satellite Hub for 
greater understanding of the hydrological process that affect the De Grey Delta. .  
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Clay drapes pre-
served in intertidal 
zone.

Fig.1 cyclone tracks in the Pacific over the last 30 years.

Modern channel’s unit bar in intertidal zone. 
Sand is predominately medium to fine with 
preservation of clay drapes.

Modern channel’s unit bar. Tabular trough 
cross-bedding consisting of medium to 
coarse sand with pebbles on drape sets.

Splay exposed on floodplain. Splay is 20cm 
thick made up of fine sand, planar bedded with 
climbing ripples structures, rooting. Upper 
floodplain soil forming blocky ped structures.

Cutbank exposing old paleosol at bottom 
(drk red brn). supratidal sediments above and 
modern floodplain and recent splays

Channel incision of older channel exposed in modern cutbank. Unit 
bar exposed is similar to modern channel’s facies, levee sediments 
are over topped, bioturbated, some sand splays lenses preserved.

5 m

Bankfull Channel During Tropical Storm,
 only large bar’s tops are exposed.

Flooded Lower Delta Plain

Tidal Creeks Incising through cheniers and
           into Lower Floodplain

Actived Anabranched Channel Back�lling 
distal Anabranched Channel and Incising Gullies 
into Lower Delta Plain

Splay Lobes reactivated on
Floodplains

No Flow in Proximail Back�lled 
Anabranched Channel

High Tide as Intertidal Zone not exposed

Delta Plume directed East due to
prevailing winds and current.

In Flood. December 17th, 2020

Tidal Limit reaches to 6m elevation into 
the Active Distributary Channel.

No flow in Active or Inactive Channels exposing
channel bar’s dimensions.

Inactive Channel’s splays are wider and 
extend further into lower floodplain 
than younger Active Channel Belt’s.

Lower Floodplain coloration appears 
darker due to lack of sand deposition
from splays. 

Pre Flood. December 6th, 2020

Low Tide As Intertidal Zone Exposed

Flow has waned since flood 3 weeks
 prior to expose all bars.

Extent of Overbank Flooding shown by 
Vegetation cover.

Post Flood. January 6th, 2021
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Element Bodies of The De Grey Delta

Data Collection Sites

Northern Territory Government, Esri, TomTom, Garmin, FAO,
NOAA, USGS, Sources: Esri, USGS

De Grey Delta 

De Grey Drainage Basin

Intertidal Distributary: medium to coarse sand in trough cross bed sets
with increasing mud drape sets of 1-2 cm thick to 20 cm thick as heterolithic 
tidally formed point bar drapes. Sinuosity of channel increases and bars widen
as tidal range increases.
Dimensions:  2:1:.003  

Active Distributary Channel: Fining upward low flow regime
Tabular cross bed sets 4-16cm thick of medium to coarse sand, 
pebbles throughout, make up 2 meter thick unit bars. Predominately
pebbles to coarse sand in Thalweg. Tidal draping in cross beds begin to 
apper below 3 meters elevation.  
Wavelength of bars: 2500 meters and 300 meters-700 meters wide.
Dimensions:  4-8:1:.002 (side-attached bars), 2:1:.002 (mid channel bars).

  

Double Levees: Amalgamated Sand Splay Sheets of pebbles to fine 
sand, upper flow regime bedforms of humpback and swale scoured 
cross bed sets, rooting on top.
Dimensions: 125m Wide, 2500 meters long, 600 m long(cut by splays).
Ratio:   5-20:1:.005

Levees: Massively bioturbated red brown clay and silt. Younger light yellow
sand splays are on top with scouring. Rooting throughout. Pedogenesis 
has formed blocky pattern. Steep sloping gradient on the eastern side of channel.
Dimensions: 200-300 meters wide, 5000 meters long (in study area). 5 meters thick.
Ratio:   15-25:1:.005

Alluvial/Upper Delta Floodplain: Sticky to stiff, red-brown clay, streaks of fine to coarse
sand, rooting throughout, terrestrial burrows (Scoyenia). Gleysol layer underneath due
to water table.
Dimensions: 4000 meters wide, 5000/9000 meters long (in study area)
Ratio: 1-2:1:.001-.002 

Splays: Fining Upward sequences of fine sand to 
silt on top of smectitic Floodplain, pebble to gravel
size when overbanking adjacent to avulsion node prior 
to avulsion. Proximal splays stack and distal splays are
interbedded with floodplain fines. 
Dimensions: 22,000 meters wide (entire overlapping 
easternmost splays) to 500 meters wide (single splay), 
10cm (distal on floodplain) to 1 meter thick (proximal to 
channel). 
Single Splays: 1:1/1:2 ratio, 
Stacked and adjacent: 12-22:1:.0002 

Inactive Distrubtary Channel and Bars: Fining upward bar tops of
medium sand to sandy silt. Channels are backfilled with red brown silts
and clay with some gleysol coloring nearer to tidal range. Large trees 
are growing throughout. Proximal bars adjacent to avulsion node are 
topped with 1-2 meters of upper flow regimer cross beds sets of 
medium to coarse grained sand. Channel fill is 3-4 meters thick. 
Wavelength of older channel bars are 2500 meters and 700 meters wide.
younger active channel bars have a wavelength of 800 meters and 300
meters wide.
Ratio:    4:1:.003-.004 (older) and 2:1:.003 (younger)  
   

Lower Delta Plain: Sticky (smectite) to stiff, red brown silty clay, streaks 
of coarse to fine sand, grass rooting, Scoyenia burrows. Buried cheniers
and distributary channels lie beneath the surface in places.
Dimensions: 12 km long and 6 km wide, 2:1:.001 ratio. 


