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MEMORANDUM: SOIL CHARACTERISATION AND ASSESSMENT ON TECTICORNIA ROOT STRUCTURE 
OF THE LAKE DISAPPOINTMENT RIPARIAN ZONE 

 

1 BACKGROUND 
Lake Disappointment is located within the Little Sandy Desert, approximately 138 km south of Telfer and 285 km 

east of Newman, Western Australia. Lake Disappointment (often referred to as the Savory Creek system) is 

described as a mega scale irregular sumpland with numerous microscale to macroscale islands and is a major 

feature of the Little Sandy Desert bioregion. Savory Creek is an extensive creek over 280 km long and 

approximately 150m wide at its maximum, occasionally flooding to 2 km width. It is one of only two significant river 

systems that flow into the Little Sandy Desert. Savory Creek originates in the Bangemall Basin, flows across the 

Savory Basin and into Lake Disappointment in the Paterson Orogen (Lynch, 1995).  

 

Lake Disappointment lies at the lowest point of the Little Sandy Desert. The lake bed consists of poorly 

consolidated saline lacustrine sediments (clay, silt, sand and gypsum). The surrounding area is composed of 

mixed aeolian-lacustrine silt, sand and kopi forming longitudinal dunes trending east-west, interspersed with minor 

salt lakes and claypans. Dunes on the lake form islands rising 5 to 18 m above the bed (Lynch, 1995).  Savory 

Creek enters Lake Disappointment from the north-west, but flow is impeded by a substantial sand bar to form a 

large permanent pool. The lake is also fed by smaller ephemeral creeks and direct precipitation (Lynch, 1995).  

 

As specified by Beard (2005) ‘Drainage channels of Lake Disappointment were formed much earlier under wetter 

conditions and have often been obscured by sand so that mapping must depend on contours, on valley-bottom 

calcrete deposits, salt lakes and pans. The Disappointment Palaeochannel, extends due south from the lake, 

receiving tributaries from both east and west. It is situated along the geological boundary between Proterozoic 

rocks of the Western Shield and Phanerozoic sedimentary rocks to the east. Lake Disappointment has no outlet 

nor any obvious sign of one. It must originally have reached the Percival Palaeochannel to the north and previous 

authors have favoured an outlet running north-east from the Lake and then north to Lake Winifred. It is suggested 

here that the Disappointment Palaeochannel continued to the NW to join Savory Creek, then passing north to join 

the Rudall River which would have been the lower course of a major river draining the whole Disappointment 

catchment. Disruption of drainage was presumably caused by tectonic movement, either slight uplift of the ridges 

to the north, sinking of a basin at the lake site, or both’. A date of Miocene for this event is suggested. Very large 

and irregular palaeochannel playas, such as Lake Disappointment, clearly indicate a long-term absence of down-

valley throughflow and consequent development of a large, hypersaline reflux brine pool. In such cases, there is 

no possibility of groundwater throughflow along the former palaeochannel without effective reversal of the 

mechanism of tectonic occlusion (Beard, 2005). 

 

The margins of Lake Disappointment and lower reaches of Savory Creek support samphire communities 

(Tecticornia spp.), but there is no vegetation on the salt-encrusted lake bed.  

 

 

 

 

 

 

 

 

 

 

2 OBJECTIVE OF THE STUDY 
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The objective of the study was to: 

 Assess the root architecture of Tecticornia plants growing in the riparian zone of Lake Disappointment; 
and  

 Assess the physical and chemical properties of soils within the riparian zone.   
 

3 HYDROLOGY 
Hydrology assessments by Global Groundwater (2017) identified the lake sediments are divided into the following 
Hydrostratigraphic units: 

 Upper lake bed unit – Groundwater in reworked gypsiferous sand deposits (Qh). The unit is frequently 

highly permeable with permeability dominated by secondary interconnected porosity of thin gypsum beds. 

 Aeolian sand unit - Groundwater in discontinuous aeolian deposits (Qpe). An aquifer, when saturated, 

groundwater is held within primary porosity. Occurs as isolated sections within the upper lake bed 

sequence and surrounding the lake. 

 Lower lake bed unit – Groundwater in the consolidated alluvial/lacustrine sequence (Q/Tpl). – Mostly low 

permeability clay with rare thin disconnected zones of gypsum with development of secondary porosity. 

 
The groundwater table of Lake Disappointment ranges from approximately 0.4m to 1m below natural surface. The 
largest water input into the lake is from surface water flows, however surface water inputs are highly variable. In 
addition to surface water runoff there is direct input from rainfall. Recharge from rainfall (annual rainfall of 
approximately 300mm per annum) is unknown, but likely very high due to the osmotic effect. The osmotic effect 
is the tendency of water, to pass through a semipermeable membrane (the lake surface) into a solution where the 
concentration is higher, thus equalizing the concentrations (Global Groundwater, 2017).  
 

 

4 METHODOLOGY 
Three trenches were established within the riparian zone of Lake Disappointment (referred to as ‘Lake sites’). The 
trenches were established approximately 15-20m apart, extending south approximately 80m from the lake edge 
within the zone hosting Tecticornia spp. Each trench was constructed to approximately 1 metre depth and 1 metre 
width to assess the soil profile. At each trench the following assessments were made: 
 

 Soil zones/ horizons were determined and measured (cm). 

 Field soil texture assessments (using ribboning technique) were conducted for each soil horizon. 

 Soil samples were taken for each soil horizon for laboratory analysis (physical and chemical properties). 

 Details on soil colour, materials present and description of root structure/ presence were recorded for each 
soil horizon (Attachment 1). 

 Each trench was photographed to show the soil horizon profile (Attachment 1).  
 
 
Soil samples and Tecticornia root observations were also taken from a location established 1km north of the lake 
edge, in a low-lying area of Tecticornia at the base of sand dunes (referred to as ‘dunefield site’). This site was 
developed as a comparison site to determine any differences in Tecticornia root structure and soil properties in a 
saline environment (i.e. lake sites) compared to a non-saline environment (i.e. dunefield site). A map showing the 
lake and dunefield sites is provided in Figure 1. A description and photograph of each sampling site is provided 
in Attachment 1.  
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Figure 1: Location Map of Sampling Sites 
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4 RESULTS 

 

Soil Profile 
The soils of Lake Disappointment comprised three soil horizons: 

 Horizon 1-Surface crust (0-2cm). Firm salt encrusted (crystalline salts) accumulated on the surface. Light 
brown/ orange fine sand to sandy loam.   

 Horizon 2-Top Layer (0-30cm). Red-brown/ orange fine sand to sandy loam. Presence of coarse gypsum 
material (non-uniform distribution).  Location of total root structure.  Low-moderate water retention.  

 Horizon 3- Lower Layer/ Lake Bed (20-50cm). Red-brown fine sand to sandy clay loam. No roots present. 
Solid/ dense structure. Groundwater was encountered about 65cm below natural surface. 

 

 

 

Soil Physical Properties 
A summary of the physical properties for each soil horizon is provided in Table 1 below. Moisture content of 
Horizon 2 ranged from 20-30%. Moisture content of Horizon 3 ranged from 30-40%.  Soil texture of the lake sites 
were similar in texture/ moisture/ density of the dunefield site, with the exception of gypsum granules identified in 
Horizon 2 of Trench 1.  
 

 

Table 1: Summary of physical properties for each soil horizon 

Soil Profile Sample ID Depth (cm) Texture Soil Colour 
Moisture/Density (field 

observation) 

Horizon 1-Surface 
Crust 

Trench 1  0-2 Sandy Loam Light brown/ orange 
Fine sandy soil. Firm crust. 

Dry soil 

Trench 2 0-2 Sandy Loam Light brown/ orange 
Fine sandy soil. Firm crust. 

Dry soil 

Trench 3 0-2 Fine Sand Light brown/ orange 
Fine sandy soil. Firm crust. 

Dry soil 

Dunefield 0-2 Fine Sand Brown 
Fine sandy soil. Firm crust. 

Dry soil 

Horizon 2- Top 
Layer 

Trench 1  0-20 Gypsum Red-brown/ orange 
Fine sandy soil mixed with 
gypsum granules/ coarse 

soil. Moderately moist 

Trench 2 0-20 Sandy Loam 
Red-brown/ orange Fine sandy soil. No 

gypsum/ coarse soil. 
Moderately moist 

Trench 3 0-30 Fine Sand 
Red-brown/ orange Fine sandy soil. No 

gypsum/ coarse soil. 
Moderately moist 

Dunefield 0-20 Fine Sand Red 
Fine sandy soil. No 
gypsum/ coarse soil 

present. Dry soil. 
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Soil Profile Sample ID Depth (cm) Texture Soil Colour 
Moisture/Density (field 

observation) 

Horizon 3- Lower 
Layer/ Lake Bed 

Trench 1  20-50 Sandy Clay Loam Red-brown 

Firm dense/ highly moist 
soil (higher clay content). 
No gypsum/ coarse soil 

present.  

Trench 2 20-50 Sandy Clay Loam Red-brown 

Firm dense/ highly moist 
soil (higher clay content). 
No gypsum/ coarse soil 

present. 

Trench 3 30-50 Sandy Loam Red-brown 

Firm dense/ highly moist 
soil (higher clay content). 
No gypsum/ coarse soil 

present. 

Dunefield 20-40 Sandy Clay Loam Red-brown 

Firm dense/ moderately 
moist soil (higher clay 
content). No gypsum/ 
coarse soil present. 

 

 

Results of Dynamic Cone Penetrometer (DCP) investigations conducted by Pendragon Environmental Solutions, 

(2016) identified the surficial sands and salts (Horizon 1-2) overlie a low to medium plasticity silty clay (Horizon 

3) to a depth of 3m (the full depth of DCP testing). Generally, the materials increased in strength with depth with 

the clays becoming consolidated and dense between 0.8m and 1.0m below surface. 

 

 

Soil Chemical Properties 
 

Laboratory analysis on each soil sample was conducted by the Chem Centre (2017). A total of 12 samples were 
analysed (three from each of the four sample sites). Results of the laboratory analysis are provided in Attachment 
2 and summarised in Table 2 and 3.  
 
All soil samples were characterised as neutral to slightly alkaline (pH 1:5 soil extract, 7.8-8.5) and highly saline 
(EC 1:5 soil extract, 600-2500 mS/m). Both Trench 1 and Trench 2 which were closest to the lake edge (~60m 
and 75m south from lake edge respectively towards playa/ bare lake surface), recorded an increase in salinity 
between Horizon 2 (0-20cm) and Horizon 3 (20-50cm). Trench 3 however, which is located closest to the playa/ 
bare lake surface (~80m from lake edge) recorded a decrease in salinity between Horizon 2 and 3.  Salinity of the 
first two soil horizons (surface crust and top layer) was highest for Trench 3. Trenches 1 and 2 both recorded 
equal highest salinity levels for Horizon 3 (lake bed). pH levels were relatively consistent across each soil horizon 
in all trenches.  
 
The dunefield site soils ranged from neutral to highly alkaline (pH 1:5 soil extract, 7.4-8.8) and were non-saline to 
slightly saline (EC 1:5 soil extract, 46-260 mS/m). Soil acidity and salinity of the dunefield site increased with 
increasing depth across all three soil horizons.   
 
Organic carbon is a measurement for organic matter in the soil. Ideal organic matter content is above 2% but this 

is difficult to achieve in the low rainfall areas where the average organic matter is commonly in the range of 1% 

to 3% (Hamza, 2008). Soil organic matter is composed of living, dead and decomposing plants, animals and 

microbes, including the organic residue and humus. Organic matter is important as it provides a major soil energy 

and nutrient reserve, and it protects soils from erosion (Hamza, 2008). All soil horizons recorded low organic 

carbon levels (<1%).  

 

All soils sampled had a low total nitrogen level (<1%) which is important for nitrogen fixation in which organic 

nitrogen is released for uptake by plants.  

 

Cation Exchange Capacity (CEC), which is a measure of the soils ability to hold nutrients (calcium, magnesium, 

sodium and potassium) was low (<10%) for all samples indicating soils contain high sand content (as supported 

by particle size distribution testing). Results indicate nitrogen and potassium leaching is more likely, soils contain 

low organic matter/holds fewer nutrients and have low water-holding capacity.  
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The majority of the metals/metalloids recorded for each of the soil samples were within preferred levels for 

vegetation growth. There were no toxic levels of metals/metalloids recorded in the soils. All samples recorded low 

levels of Copper (Cu), Nickel (Mi), Zinc (Zn) and Arsenic (As).  
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Table 2: Chemical Properties of the soil samples 

Location Sample ID Depth (cm) 
pH 1:5 
(CaCl2) 

ECse 1:5 
(mS/m) 

Ca 
(mg/kg) 

Mg 
(mg/kg) 

Na 
(mg/kg) 

Total N 
(%) 

Colwell 
P 

(mg/kg) 

Colwell 
K 

(mg/kg) 

Organic C  
(%) 

Exchangeable cations 
(cmol(+)/kg) 

CEC 
(cmol(+)/k

g) Ca Mg Na K 

Trench 1 

WP2 SURFACE 
CRUST  

0-2 8 1100 >5500 980 >1000 0.052 77 >550 0.78 9.2 1.2 1.4 0.6 4 

WP2 TOP LAYER 0-20 8 950 >5500 >1000 >1000 0.016 84 >550 0.28 8.8 2 2.4 1.8 8 

WP2 LAKE 20-50 8.2 1100 690 >1000 >1000 0.006 37 >550 0.17 4.4 2.5 3.3 2 7 

Trench 2 

WP1 SURFACE 
CRUST  

0-2 7.8 600 >5500 790 >1000 0.058 87 280 0.81 9.5 0.71 0.77 0.47 4 

WP1 TOP LAYER  0-20 8 610 >5500 790 >1000 0.02 53 270 0.28 8.1 0.91 0.79 0.51 3 

WP1 LAKE 20-50 8 1700 >5500 >1000 >1000 0.008 43 >550 0.31 6.7 3.4 6.3 2.2 7 

Trench 3 

WP3 SURFACE 
CRUST 

0-2 8.5 2500 >5500 >1000 >1000 0.028 53 >550 0.67 8.3 3.4 7.8 2.4 3 

WP3 TOP LAYER 0-30 7.9 1600 >5500 >1000 >1000 0.01 43 >550 0.32 9.3 1.2 1.6 0.8 3 

WP3 LAKE 30-50 8.1 780 540 >1000 >1000 0.007 46 >550 0.17 3 2.2 3 1.7 7 

Dunefield 

WP4 SURFACE 
CRUST 

0-2 7.4 46 250 130 340 0.016 36 67 0.2 0.49 0.07 0.3 0.19 3 

WP4 TOP LAYER 0-20 7.6 86 230 110 850 0.012 37 130 0.14 0.97 0.26 0.66 0.3 3 

WP4 BOTTOM 
LAYER 

20-40 8.8 260 1100 480 >1000 0.02 72 >550 0.21 1.6 0.84 3.1 1.6 9 

Preferred Level 6-8 <200 N/A N/A N/A >1 <20 100-250 >1 >5 >1.6 <1 >0.5 >10 

Red text-above preferred levels; green text below preferred levels for vegetation growth 

 
Table 3: Heavy metal concentrations of the soil samples 

Location Sample ID 
Depth 
(cm) 

Al B Ca Cd Co Cu Fe Ni Zn As Pb Se 

mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 

Trench 1 

WP2 SURFACE 
CRUST 

0-2 110 2.2 >5500 0.03 0.04 0.2 51 0.2 0.6 0.1 0.3 <0.1 

WP2 TOP LAYER 0-20 >550 1.4 >5500 <0.01 0.44 0.5 76 0.6 0.6 0.2 0.5 <0.1 

WP2 LAKE 20-50 240 0.6 690 <0.01 0.68 0.1 27 0.5 0.1 0.2 1.1 <0.1 

Trench 2 

WP1 SURFACE 
CRUST 

0-2 120 3 >5500 0.05 0.05 0.3 56 0.2 0.7 0.1 0.4 <0.1 

WP1 TOP LAYER 0-20 140 1.2 >5500 <0.01 0.05 0.1 44 0.1 0.4 0.1 0.2 0.2 

WP1 LAKE 20-50 290 0.6 >5500 <0.01 0.61 0.2 57 0.6 0.3 0.2 1.3 <0.1 

Trench 3 

WP3 SURFACE 
CRUST 

0-2 89 2.6 >5500 0.02 0.03 0.1 31 0.2 0.5 0.2 0.2 <0.1 

WP3 TOP LAYER 0-30 140 0.9 >5500 <0.01 0.06 0.1 43 0.2 0.4 0.2 0.1 <0.1 

WP3 LAKE 30-50 330 0.7 540 <0.01 0.99 0.3 53 0.7 0.3 0.2 1.3 <0.1 

Dunefield 

WP4 SURFACE 
CRUST 

0-2 98 0.3 250 <0.01 0.07 0.1 83 0.1 0.7 <0.1 0.2 <0.1 

WP4 TOP LAYER 0-20 120 0.3 230 <0.01 0.33 0.3 76 0.2 0.5 <0.1 0.3 0.1 

WP4 BOTTOM 
LAYER 

20-40 390 1.8 1100 <0.01 1.3 1.5 110 1 0.3 <0.1 0.8 <0.1 

Preferred Level N/A 0.5-4 N/A <1 N/A 2-50 N/A 1-20 10-20 1-200 <20 <35 

Red text-above preferred levels; green text below preferred levels for vegetation growth 
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Root structure 
 

Tecticornia specimens were taken from each sample site to assess the root structure. Details on 
the specimens for each taxon are summarised in Table 4 below.  
 

Table 4: Tecticornia specimens for each sampling site 

Trench/ Sample Site Taxon 

Trench 1 Tecticornia auriculata 

Trench 2 Tecticornia aff. calyptrata 

Trench 3 Tecticornia auriculata 

Dunefield site Tecticornia auriculata 

 

 
Roots for each specimen were restricted to Horizon 1 (0-30cm). Each specimen consisted of a main 
root (tap root) with multiple lateral roots extending from the tap root (extending horizontally). There 
were no adventitious (above ground roots) present.  Images of each Tecticornia specimen are 
provided in the following sections.  
 
Trench 1- Tecticornia auriculata 
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Trench 2-Tecticornia aff. calyptrata 
 

 
 
 
 
 
 

Trench 3- Tecticornia auriculata 
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Dunefield site- Tecticornia auriculata 
 

 
 
 

 

 
Discussion 
With the exception of soil salinity, there was minimal difference in the soil chemistry between the 

lake sites and the Dunefield site. There was also minimal difference in the chemical properties of 

soils within each of the soil horizons, regardless of position in relation to the lake edge/ bare lake 

surface.  

 

The different Tecticornia specimens had a consistent root structure consisting of a main root (tap 

root) with multiple lateral roots extending from the tap root (extending horizontally). There were no 

adventitious (above ground roots) present. Tecticornia roots were restricted to the upper layer (0-

30cm) which comprised fine sand to sandy loam soils not withstanding increasing moisture content 

with depth.  While the lateral root development at 20-30cm depth suggests growth retardation at 

that depth, the soil salinity data is too variable to establish that this is due to an increasing salinity 

profile. 
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Attachment 1: Trench observation data and photographs 

Sample ID 
Depth 
(cm) 

Texture Comments Image 

Trench 1-Located ~60m south from lake edge (Lake site) 

WP2 Surface Crust  0-2 Sandy Loam1  
Firm crust. Light brown/orange sandy soil. Crystalline salt 

build-up on surface. Dry material. 

    

WP2 Top Layer 0-20 Gypsum2  
Roots to 20cm depth. Red-brown/ orange sandy soil. Coarse 

gypsum material present. Moderately moist.  

WP2 Lake 20-50 Sandy Clay Loam1  
No roots evident. Red-brown soil. No gypsum/ coarse material 

present. Dense/ highly moist material (higher clay content).  

Trench 2-Located ~75m south from lake edge (Lake site) 

WP1 Surface Crust  0-2 Sandy Loam1 Firm crust. Light brown/ orange sandy soil. Crystalline salt 
build-up on surface. Dry material. 

 

WP1 Top Layer  0-20 Sandy Loam1  
Roots to 20cm depth. Red-brown/ orange sandy soil. No 

gypsum/ coarse material present. Moderately moist. 

WP1 Lake 20-50 Fine Sand 
Roots evident (not attached to Tecticornia plant). Red-brown 
soil firm. No gypsum/ coarse material present. Dense/ highly 

moist material (higher clay content). 

 

                                                 
1 Laboratory analysis particle size distribution not possible due to high soluble salts which causes flocculation of the clay particles.  Texture based on field testing (using ribbon test) 
2 Due to high concentration of gypsum particles, laboratory particle size distribution and field texture assessments could not be completed 
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Sample ID 
Depth 
(cm) 

Texture Comments Image 

Trench 3-Located ~80m south from lake edge (Lake site) 

WP3 Surface Crust 0-2  Fine Sand1 Firm crust. Light brown/ orange sandy soil. Crystalline salt 
build-up on surface. Dry material.  

 
   

WP3 Top Layer 0-30  Fine Sand1 Roots to 30cm depth. Red-brown/ orange sandy soil. No 
gypsum/ coarse material present. Moderately moist. 

WP3 Lake 30-50 Sandy Loam 
Red-brown soil. No roots. Firm. No gypsum/ coarse material 
present. Dense/ highly moist material (higher clay content). 

Dunefield site-Located approximately 1000m north from lake edge 

WP4 Surface Crust 0-2 Fine Sand 
Firm crust. Brown sandy soil. No crystalline salt build up on 

surface (Not located in riparian zone/ lake). Dry material. 

 

WP4 Top Layer 0-20 Fine Sand 
Roots to 20cm depth. Red sandy soil. No gypsum/ coarse 

material present. Dry material. 

WP4 Bottom Layer 20-40 Sandy Clay Loam 
No roots evident. Red-brown soil. Firm. No gypsum/ coarse 
material present. Moderately moist and dense (higher clay 

content). 
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Attachment 2: Laboratory Analysis (Chem Centre, 2017) 
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