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Abstract 
 

Soil salinity is a major determinant of agricultural productivity in many regions of 

Australia. Soil salinity is also spatially variable. This thesis examines the application of 

electromagnetic induction geophysical techniques and coincident soil sampling to (1) 

represent the areal extent and magnitude of soil salinity on the agricultural areas of King 

Island, Tasmania, (2) constitute its major causes; and (3) address mitigation strategies. 

 

An automated electromagnetic induction meter used in the vertical dipolar mode 

(EM31v) was used to capture apparent total soil conductivity data over 15,420 Ha of the 

island. A total of 447 soil samples were obtained from sixty-one soil sample holes 

typically to 350 cm below surface. Ordinary least squares-based regression methods were 

used to predict average ECe at the soil sample sites using the conductivity data (ECa) 

assessed by the EM31v (R2 = 0.76, p-value = 0.0001). A local, exponential semi-

variogram kriging model was developed to interpolate average ECe to 350 cm depth 

across the surveyed area. An analysis of geographic information layers, further terrain 

modelling, and climatic estimates of salt accessions were used to isolate the geological, 

geomorphological and climatic determinants of soil ECe on the island.  

 

Across the island the major source of salt is from west coast generated sea spray. Down 

to 350 cm, the highest average soil conductivity (ECe of 8 dS/m and above) were found 

to occur in soils formed on Proterozoic granite, Proterozoic shale and undifferentiated 

Quaternary sediments. A long-term climate prediction, compelled by climate change 

forecasts of less rainfall to flush salt from these lithologies by 2030, is that the risk of 

salinisation in these areas will increase (by 10 %). Terrain morphology was found to be a 

good predictor of high ECe on Proterozoic shale, but was found to be unrelated to ECe 

on other lithologies. More generally, high ECe in soils formed on granite were observed 

to occur at the valley floors and toward the crests of hills. Elevation and geological data 

were used to estimate the spatial location of high ECe to 350 cm depth across the entire 

island (103,000 hectares). 
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At the landscape scale, hydrogeology was considered to be a potential determinant of 

elevated soil ECe. Soil ECe at valley floors and drained wetlands is associated with salt 

deposition by capillary action from shallow, highly saline water tables. On sloping land, 

the lateral flow of groundwater is expressed as saline seepage at break-of-slope areas.  

 

At a finer scale, areas of low permeability subsoil restrict water percolation in several of 

the island�s soil types, causing the development of perched water tables and localised near 

surface salinity. High surface salinity levels, compared to levels at 50 cm depth, occur 

without attendant high groundwater levels in some soil types. In these instances, it is 

suggested that topsoil compaction by livestock has reduced topsoil hydraulic 

conductivity, reducing the flushing of salt from the topsoil. Under these conditions 

increased surface and topsoil salinisation is exacerbated by evaporation, however, more 

research would be required to confirm this theory. If proven, the predicted drop in 

flushing rains due to climate change is likely to exacerbate this style of salinisation in the 

future. 

 

Previous soil salinity mapping programs on King Island have been undertaken at the land 

system scale, thus assuming that characteristics within land system units are 

homogeneous. Assessed against the results shown in this thesis, the assumption of land 

system uniformity is shown to be incorrect. Salinity management decisions based on 

prior land system salinity maps may also have been incorrect.  

 

The soil ECe maps produced in this thesis may be used to improve sustainable farm 

management on the island. The maps are currently being used in the development of an 

Environmental Management System for landholders on the island. 
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Chapter 1. Introduction 
 

 
The term �salinity� or �salinisation� means that salt is accumulated and concentrated in 

certain parts of the landscape, which is defined by the operation of the hydrological cycle. 

The accumulation and concentration of salt in the soil is one symptom of landscape 

salinisation other symptoms include elevated salinity in streams. The focus of this thesis 

was the measurement of the areal distribution and magnitude of soil salinity on King 

Island and to determine its major causes. 

The terminology related to the study of �salinity� depends upon the age of the report, the 

background of the author (e.g. whether a soil scientist, hydrologist, plant scientist, 

economist, agriculturalist, sociologist, ecologist etc�) and the report�s intended 

audience. Terminology has included references to such things as magnesia patches, salt 

storage, primary and secondary salinity, salting, saline sodic soil, alkaline saline soil and 

acid sulphate saline soil to name just a few. For this thesis, which is focussed on the areal 

distribution and magnitude of land salinisation, the definitions offered by Robins (2004) 

are applied, as they are the latest and most relevant. They are: 

• Salinisation/Salinity � The accumulation of salts via the actions of water in soil to 

a level that causes degradation of the soil. 

• Salinity hazard � Salt, which if mobilised, has the potential to cause harm by 

discharging on the land surface, [within plant root zones,] and/or in streams. 

• Salinity management � Intervention needed to mitigate or control salinity. Can be 

biophysical (e.g. plants) or engineering (e.g. drains). 

• Salinity risk � The probability of salt (salinity hazard) being mobilised and 

affecting natural, cultural or man-made assets.  

Across Australia it has been estimated that about 5.7 million hectares of agricultural land 

is affected by salinisation, and by using various predictive models, it has been estimated 

this area may increase to 17 million hectares by the year 2050 (Robins, 2004). In 2000, an 

economic analysis of the cost of implementing salinity management programs to control 

salinity hazard was estimated by the Australian Conservation Foundation and the 

National Farmers Federation at an extraordinary $60 billion dollars over a ten year period 
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(Madden & Hayes, 2000). In Tasmania, the area of agricultural land affected by 

salinisation was estimated in 2000 at about 53,500 hectares, and is modelled to increase 

to 93,625, by the year 2050 (Bastick & Walker, 2000). This thesis is broadly aimed to 

contribute to understanding the extent and causes of land salinisation in Tasmania, and in 

particular, King Island. 

1.1. The problem of scale 

Ridley and Pannell (2005b) state that the goals of salinity management are to reduce the 

impact of salinisation on land, water resources, infrastructure and biodiversity. 

Management to achieve these goals may occur at different scales depending upon the 

purpose of the particular salinity management project. Levin (1992) states that the single 

significant issue with the study of spatial and temporal phenomena (such as salinisation) 

is ��that there is no single correct scale at which to view ecosystems��. The results at 

one scale do not necessarily apply at another scale and processes do not necessarily act in 

the same manner across scales. Salinisation patterns occurring at a broad scale such as the 

whole of King Island (102,000 hectares) are likely to imply broad hydrogeological causes, 

which may not necessarily apply to a smaller scale patch of soil. If different patterns 

occur at different scales then it is reasonable to conclude that different causes are driving 

salinisation at each of the scales or, at the very least, that the causes are stronger at one 

scale than another.  Levin (1992) concluded that �the problem of relating phenomena 

across scales is the central problem of biology and in all of science.� Likewise, it is also 

fundamental in devising appropriate salinity management strategies.  

Given that salinity management has been defined as involving some form of human 

�intervention� at the earth�s surface (in this case planting or drainage, Robins 2004), 

salinity management strategies should only be informed by the causes driving soil 

salinisation at the scale relevant to the mode of intervention. The logical conclusion to 

scale and salinity management posed by Levin (1992) is that management practice 

informed only by causes occurring at the broad hydrogeological scale is likely to ensure at 

least partial failure where finer scale assessment suggests another cause, such as soil 

sodicity, may be affecting salinisation. In Tasmania, the current management trend 

employs broad scale salinity assessments based on hydrogeology. The results of these 

assessments are used to prioritise areas for on-ground management activities at the local 

scale often by tree facilitated recharge control. 
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This thesis addresses the problem of scale by dividing the broad spectrum of existing 

research and knowledge on salinisation into three major classes, macro-, meso- and 

micro-scale salinity (Figure 1). Salinity management at the broadest macro-scale 

(1:5,000,000) involves the development of management and research policy at a state and 

federal level. At finer macro- and meso-scales, management policy is implemented at 

regional and catchment levels, to about 1:5,000 scale, and is based on the assessment and 

management of hydrogeology. At the lower meso- (i.e. about 1:5,000) and micro-scales 

(1:1), salinisation is commonly linked with soil properties and topographic position and is 

caused by hydrological changes. 

National scale (1:5,000,000)
1 square mm on map = 100,000 Ha on the ground
Salinity management by federal and state bodies

Regional and catchment scale (1:100,000)
1 square mm on map = 1 Ha on the ground
Salinity management by state and regional bodies 
(Natural Resource Managment NRM committees)

Farm scale (1:25,000)
1 square mm on map = 0.125 Ha on the ground
Salinity management by NRM groups, 
Landcare groups and individual farmers
(supported by federal and state policies)

Paddock scale (1:10,000)
1 square mm on map = 0.01 Ha on the ground
Salinity management by community groups
and individual farmers
(supported by NRM policies)

Within-paddock scale (1:5,000)
1 square mm on map = 0.005 Ha on the ground
Salinity management by community groups
and individual farmers
(supported by NRM policies)

Point data/soil pit scale (1:1)
Salinity management by individual farmers
(often supported by community funding)

Macro-scale salinity
(based on hydrogeology)

Micro-scale salinity
(based on soil science)

Meso-scale salinity
(based on hydrology and
soil science)

 

Figure 1: The various scales at which salinisation and its management occur. 
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1.2. The study area and the purpose of this thesis 

King Island lies about 100 km north of the main island of Tasmania and about 90 km 

south of Victoria and encompasses approximately 103,000 hectares (Figure 2). The town 

of Currie, situated on the west coast, is the island�s largest population centre with the 

smaller townships of Grassy and Naracoopa on the south and east coasts, respectively 

(Figure 3). 

Aboriginal occupation was from about 14,500 years ago to 1,100 years ago (Wood 1990). 

The island was first sighted by Europeans by Matthew Flinders and John Black in 1789, 

and Black named it after Governor King of New South Wales. Europeans did not settle 

the island until 1855 and farm selections began in 1888 (Wood 1990). 

After the First World War, a scheelite mine was developed in the island�s south and 

soldier-settlement farms were taken up in 1919-20, and again in 1948. Today the island 

has a population of about 3,000 residents. Beef and dairy farming constitute the main 

land use. Members of the community based King Island Natural Resource Management 

committee (KINRM) in association with the King Island Council oversee the 

management of natural resources on the island. 

During the development of The King Island Natural Resource Management Review and 

Strategic Action Plan (King Island Natural Resource Management Committee 1998), the 

King Island community identified salinisation as a key issue affecting agricultural 

sustainability on the island. Mapping the extent of the problem was classed as an issue of 

high priority. In December 2004 I was engaged by the community to implement this 

mapping, which forms the basis of this thesis. The broad goal of this thesis is to assist 

the effective sustainable management of the agricultural areas of King Island that may be 

threatened by salinity hazard. 

Previous salinity investigations on King Island have been limited to the visual 

identification of secondary salinity indicators, e.g. salt tolerant vegetation. Salinity 

mapping and classification has been undertaken by employees of the state department of 

Primary Industries and was based on the extrapolation of the location of these indicators 

across entire land systems in which the indicators were observed. This methodology is 

based on the assumption that the biophysical characteristics related to land systems 

(including soil type and geology) are uniform, and thus large areas have been assumed 

homogeneous both in biophysical characteristics and in salinity class. These assumptions 

reflect the limitations of the methods and technologies employed at the time, and have 
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restricted salinisation management to broad generalisations based on the management of 

entire land systems. 

N
200 km

 

Figure 2: King Island is situated along the western margin of Bass Strait. 

The advent of new technologies such as global positioning systems (GPS) and 

electromagnetic induction meters (EM) allows for the direct assessment of soil 

conductivity in the field. By utilising geostatistical methods, it is now possible to correlate 

attendant soil salinity with soil conductivity and accurately identify the spatial locations of 

salinity classes across the landscape. Salinity classification and mapping is now possible at 

a scale sufficient to determine variability within land systems previously identified as 

uniform. Salinisation management informed by EM techniques is based on information 

captured at, or close to, micro-scale. Management decisions can be tailor made to suit the 

characteristics of a particular paddock, in the context of surrounding paddocks, thus 

minimising decision risk. For these reasons EM/salinity mapping is an improvement on 

previous investigative methods employed on the island. 

The purpose of this thesis was to employ EM techniques on the island to investigate the 

occurrence of soil salinity hazard on different land systems pertaining to the island�s 

agricultural areas. Analysis of soil, geological and geomorphologic determinants of soil 

salinity at the macro- and meso-scales were made to isolate the theoretical possibilities 

causing soil salinisation at the micro-scale. A discussion of the results was based on my 

opinions of the political history and on-going development of salinisation management in 

Tasmania. The usefulness of only using macro-scale salinisation processes to devise 

management practice at the meso- and micro-scales is discussed in order that the Island�s 

residents may efficiently pursue sustainable management of agricultural resources. 
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20 km

N

Currie

Naracoopa

Grassy

 

Figure 3: A map of King Island (TASMAP, 1997). 
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1.3. Thesis structure 

This thesis is structured to present a review of the literature related to land salinisation, 

its sources and causes and particularly how electromagnetic induction (EM) techniques 

have been used as a tool to direct salinisation management (Section 2). Section 3 

provides a background of the biophysical characteristics of King Island and presents a 

review of the outcomes of previous salinisation investigations. Section 4 outlines the 

detailed aims of the study and the materials and methods employed to investigate them, 

and Section 5 presents the results of these investigations. The results are discussed in 

Section 6, whereby the outcomes of the study are related back to the detailed aims. The 

thesis is concluded in Section 7. 
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Chapter 2. Australian dryland salinity formation and detection: 
a review 

 
 
The scope of this review is to investigate (1) the causes of land salinisation at a macro-

scale, and (2) how the causes may relate to salinisation at a micro-scale. The macro-scale 

salinisation literature is related to hydrogeological and climatic causes and the possible 

sources of salt. The micro-scale salinisation literature is reviewed related to the affects of 

soil hydrological characteristics on soil salinity, with an emphasis on the depth of highly 

saline soil within a profile. 

The literature is also reviewed on the use of EM geophysical and geostatistical techniques 

for salinity investigations. Finally, a brief summary on the political history of salinity 

management as related to its hydrogeological causes is presented. 

2.1. Causes of salinisation at the macro- and upper meso-scales 

Wood (1924) made the first peer-reviewed observation on the cause of macro-scale 

salinisation in southwest Australia. He observed that the destruction of native vegetation 

was causing an increase in soil and stream salinity. He hypothesised that the destruction 

of the native vegetation resulted in increased infiltration of water during rainfall events. 

This water percolated into a salty aquifer he thought existed at the base of the weathered 

regolith, causing the saline water table to rise, increasing discharge and salinisation of 

surface soil. 

Subsequent investigations of the causes of macro-scale salinity have focussed on 

investigations of weathered profiles within the regolith and properties of the aquifers 

contained within it. Bettenay et al. (1964) formalised the concept of zones of groundwater 

recharge and discharge in weathered lateritic soils developed on granitic rock in 

southwest Australia. By monitoring the flow of groundwater through the regolith, 

measured using a network of pieziometer head heights and slug tests, Bettenay et al. 

observed that the upper soil horizons, that are typically sandy or gravelly in texture, were 

much more permeable than the underlying clay subsoil. Bettenay et al. (1964) presented a 
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generalised schematic model based on the inherent qualities of the aquifers they studied 

(Figure 4).  

 

 

Figure 4: A schematic representation of the hydrologic cycle and salinisation in a 
Western Australian catchment (Bettenay et al. 1964). 

The majority of recharge was believed to occur in the upslope areas, in the coarse 

textured sandy soil and particularly adjacent to rock outcrops. Midslope seepages, 

characterised in the Ulva Association, occur where unconfined groundwater, flowing 

laterally on an aquiclude, intercepts the surface. Further down the valley an upper zone of 

heavy clay material forms an aquiclude to the underlying confined aquifer. The restriction 

to groundwater flow by pieziometric pressure in the lower valley flats forces the 

underlying saline groundwater through the thinner-layered aquiclude. Surface ponding of 

these waters, coupled with evaporation increased the concentration of salts over time 

(characterised as the Belka and Stirling Associations; Bettenay et al. 1964).  

These essential features of macro-scale salinisation outlined initially by Wood (1924) and 

strengthened by Bettenay et al. (1964), entails a change in the hydrologic balance 

(deforestation) resulting in the accumulation of salts in certain parts of the landscape as 

the hydrologic balance finds a new equilibrium. The term �secondary salinity� has been 

used to refer to areas in which anthropogenic impacts have caused salinisation (such as 
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deforestation), as opposed to primary salinity that was a natural part of the landscape 

(Northcote & Skene, 1972).  

The nature of secondary salinisation involving groundwater recharge and discharge in 

particular locations of a catchment, as defined by structural impediments to flow, for 

example bedding, cleavage, faulting and the formation of impermeable layers (e.g. hard 

pans) has been corroborated by macro-scale salinity research right across the Australian 

landscape (Conacher and Murray 1973; Conacher 1975; Peck 1978; Thorburn et al. 1991; 

Fritsch et al. 1992; Salama et al. 1991; Salama et al. 1993; Salama et al. 1994; Fitzpatrick et 

al. 1996; Salama et al. 1999).  

Perhaps not surprisingly, many of these investigations revealed that the model for macro-

scale salinisation, based on distinct zones of catchment recharge and discharge outlined 

in Bettenay et al. (1964), was not adequate in each situation. Nulsen and Henschke (1981) 

and Johnson et al. (1983) concluded that a significant contribution to groundwater 

recharge was by the presence of �large discrete channels� called macro-pores that 

effectively perforate the aquitard. The macro-pores were formed by the death and 

decomposition of plant roots and, while they did not make up a major proportion of the 

landscape, the effect on recharge was significant (Johnston et al. 1983). Engel et al. (1987) 

used geophysical and drilling techniques in a Western Australian catchment to conclude 

that �preferred pathways� of groundwater flow existed that were derived from the 

deposition of coarse material by prior streams, which also enhanced recharge. They also 

showed that laterally striking dolerite dykes were found to be acting as hydraulic barriers 

to lateral groundwater flow, forcing groundwater toward the surface soil, which then 

caused salinisation (Engel et al. 1987). Later, computer-modelling techniques were used to 

conclude that the majority of a western Australian catchment (94%) contributed to 

recharge and only 6% was subject to discharge only (Salama et al. 1994). Thus, the earlier 

understanding that there existed a discrete separation in space between zones of recharge 

and discharge (Bettenay et al. 1964) was successfully challenged.  

George et al. (1997) summarised the knowledge gained from these (and other) 

hydrogeological studies and described ten hydrogeological settings common in causing 

salinisation in Western Australia. These were: sand plain seeps, break-of-slope seeps, 

seepage from sediments, dolerite dykes, fractured rock aquifers, seepage over bedrock 

highs, capillary rise at the floor of valleys, regional aquifer discharge, regional faults, and 

semi-confined sedimentary aquifer discharge. This approach was applied at a national 
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scale by Coram (1998), though, she renamed some of George et al’s (1997) causes and 

added another five. Coram�s fifteen models are called groundwater flow systems (GFS) 

and are based on the characteristics of the hydrogeological system believed to cause 

salinisation, particularly the time taken for recharge to affect discharge (Table 1).  

Table 1: Catchment classification of salinisation based on GFS characteristics (Coram 
1998). 

Name  Description 

Local scale GFS 
1) Local model 1 Discharge over lower hydraulic conductivity structure. 

2) Local model 2 Discharge from unweathered rock aquifers at the break-of-slope. 

3) Local model 3 Discharge from weathered fractured rock aquifers at the break-of-
slope. 

4) Local model 4 Discharge from colluvial/alluvial slopes. 

5) Local model 5 Discharge controlled by stratigraphy. 

6) Local model 6 Discharge from perched aquifers. 

7) Local model 7 Discharge controlled by linear features of contrasting hydraulic 
conductivity. 

8) Local model 8 Discharge from low hydraulic conductivity aquifers. 

Intermediate scale GFS 

9) Intermediate model 1 Capillary discharge from unconfined aquifers in valley floors. 

10) Intermediate model 2 Discharge from semi-confined aquifers controlled by facies changes 
and changes in aquifer geometry. 

11) Intermediate model 3 Discharge from unweathered fractured rock aquifers at break-of-
slope. 

12) Intermediate model 4 Discharge across topographic divides controlled by large, 
transmissive, linear structures. 

Regional scale GFS 

13) Regional model 1 Regional confined and semi-confined aquifer discharge controlled by 
structure. 

14) Regional model 2 Regional confined and semi-confined aquifer discharge controlled by 
facies change. 

15) Regional model 3 Regional unconfined to semi-confined aquifer discharge controlled 
by topography. 

 

GFS are classed as local, intermediate or regional systems (Figure 5) based on the time 

frames that define its ability to respond to a change in the hydrological balance, such as 

that caused by deforestation. 
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Local GFS have the shortest possible distance between recharge and discharge. As such, 

following hydrological disturbance, water tables can rise rapidly, particularly when 

perched on a near-surface aquiclude. Saline discharge on local GFS typically occurs 

within 20-30 years of agricultural development (Coram 1998). Intermediate GFS have a 

greater aquifer storage capacity and take longer to respond to increased recharge. 

Regional GFS are classed as having the highest aquifer storage capacity and take a much 

longer time period to develop groundwater discharge than local or intermediate flow 

systems. Notably, Coram (1998) states that most landscapes contain more than one GFS. 

catchment watershed

Local GFS

Intermediate GFS

Regional GFS Local GFS

 

Figure 5: GFS are broadly classed as local, intermediate or regional. 

At a scale of 1:500,000 Tasmania has thirteen GFS models (Latinovic et al. 2002, listed 

below). Latinovic et al’s (2002) definitions differ from George et al’s (1997) and Coram�s 

(1998) in that they are not process-defined. Unlike statements such as �discharge 

controlled by linear features of contrasting hydraulic conductivity� (Coram 1998) there is 

less detail in the Tasmanian context. Also, the GFS numbered 4, 5 and 6 appear to be 

essentially the same but occur in different rock types. 

1. Local flow system in Quaternary sedimentary rocks (talus and till); 

2. Local to intermediate flow systems in Quaternary sedimentary rocks (aeolian, 

coastal plains and alluvium); 

3. Local to intermediate flow systems in undifferentiated Quaternary and Tertiary 

sedimentary rocks; 

4. Local flow systems in high-relief Jurassic dolerite; 

5. Local flow systems in high-relief Permian and Triassic sedimentary rocks; 

6. Local flow systems in granites; 
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7. Local flow systems in high-relief folded and fractured Proterozoic and Palaeozoic 

rocks; 

8. Intermediate flow systems in Tertiary sedimentary rocks; 

9. Intermediate flow systems in Tertiary basalt; 

10. Intermediate to local flow system flow systems in low-relief Jurassic dolerite; 

11. Intermediate flow system flow systems in low-relief Permian and Triassic 

sedimentary rocks; 

12. Intermediate flow system flow systems in low-relief folded and fractured 

Proterozoic and Palaeozoic rocks; 

13. Regional and local flow system flow systems in Tertiary sedimentary rocks. 

In summary, Wood�s (1924) seminal research linked change to the hydrologic balance as 

the fundamental mechanism causing salinity at the macro- and meso-scales. The essential 

characteristics of the aquifers contained within weathered zones have formed the basis of 

subsequent macro- and meso-scale salinity investigations, and this continues today. 

Coram (1998) provided a conceptual basis for the characterisation of GFS depending 

upon the horizontal distance between recharge and discharge. GFS characterisation is 

widely used as a tool to help manage salinisation and the terms are often used in relation 

to whether adjacent catchments are involved in recharge or discharge. GFS provides the 

context for salinity management right across the Australian landscape.  

2.2. Causes of salinisation at the lower meso- and micro-scales 

The effect of salinisation at the lower meso- and micro-scales is related to the 

hydrological setting of soils, which effects the biological, chemical and physical changes 

that occur in a soil when it is subjected to increased levels of salt (salinisation). The 

literature is voluminous with regard to these changes and their effects on soil hydrology, 

sodicity, pH, organic matter, soil structure, bulk density, porosity and cation exchange 

(e.g. Laura (1977) showed that the amount of mineral nitrogen that accumulated in soil 

generally decreased with increased salinity; Lima et al. (1990) documents soil hydraulic 

parameters {diffusivity, conductivity, sorptivity, and retention} decreasing as salinity 

increases in a loam soil; Derdour and Angers (1992) document that increased salinity in 

clay soil can lead to structural degradation). It is not the purpose of this thesis to review 

each of these, but rather, to investigate the theoretical possibilities of salinisation at the 
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lower meso- and micro-scales related to observations at the macro-scale. As such, the 

lower meso- and micro-scale salinisation literature is reviewed with an emphasis on the 

depth of highly saline soil within a profile. 

2.2.1. Salinisation due to a high water table 

As outlined in Section 2.1, Bettenay et al. (1964) showed that dissolved salts in 

groundwater are transported to certain areas of the landscape. Bettenay et al. (1964) 

described the geomorphic characteristics related to soil seepage from laterally moving 

groundwater as a perched water table, the �Ulva Association�, since classed as �Local 

model 6 - Discharge from perched aquifers� by Coram (1998). In these situations, where 

groundwater is within about 2 m of the ground surface, salts can effectively move while 

dissolved in groundwater by capillarity (capillary fringe above a water table) to the 

surface, where evaporation causes the salts to precipitate (Ayres and Westcot 1976; 

Hassan and Ghaibeh 1977; Chen 1992; Elrick et al. 1994). A typical salinity profile of a 

soil exposed to such a situation is shown in Figure 6.  

A very recent example of soil exposed to high and salty groundwater in the 

Murrumbidgee Irrigation Area has been documented (Northey et al. 2006). By using 

nested pieziometers they investigated soil salinity affected by a shallow (2 m of the 

surface) fluctuating water table. They found that groundwater salinity varied at specific 

depths over an irrigation season. A layer of low salinity water (within the top 20 cm of 

the saturated front of the water table) was found to exist over more saline groundwater, 

and that this stratification effect varied during the irrigation season � fresher surface 

conditions were associated with a higher water table; more saline surface conditions were 

associated with a lower water table. They concluded that this situation was caused by the 

rapid infiltration of fresh irrigation water during irrigation events. The water flowed 

preferentially through macro-pores, effectively bypassing the soil matrix, and was 

transported to the top of the water table forming a freshwater layer. The preferential use 

of this freshwater layer by plants during dry periods lowered the water table depth, 

depleting the freshwater layer and increasing the salt concentration of the groundwater 

during dry periods. 

These findings by Northey et al. (2006) have important implications for salinisation 

management. Management decisions informed only by observations of the physical 

characteristics of the aquifers contained within weathered zones (Bettenay et al. 1964) are 
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often made to limit recharge, and lower groundwater depth in order to minimise the 

effect of high groundwater on agricultural productivity. What Northey et al. (2006) have 

shown is that water table depth is also a function of a soil�s micro-scale physical 

characteristics. Micro-scale recharge of fresh water during wetter periods enables salt 

stratification of the groundwater enabling vegetation survival during subsequent dry 

periods. Survival will be compromised where upslope recharge control lowers the 

groundwater to a depth that prevents freshwater access by plant roots. 

The key point to be made here is that theories pertaining to the causes of soil salinity (e.g. 

Bettenay et al., Northey et al.) are relevant to the scale at which they occur, which adheres 

to the overarching theory of multiple scales and causality outlined earlier (Levin 1992). 

That there is no correct scale at which to assess ecosystems means that for a particular 

patch of salt affected soil there may be a multiple number of causes driving salinisation. 
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Figure 6: A typical salinity profile of soil exposed to high and salty groundwater (adapted 
from Ayres and Westcot 1976). 

2.2.2. Salinisation without a high water table 

Where the water table is lower, and the uppermost boundary of the salts transported by 

the capillary fringe is below the surface of the soil, leaching of salts from the topsoil by 

percolation of rainwater will prevent salt build up in the topsoil. As such, salt is stored 

below the topsoil, which is non-saline (Jenkins 1982, Figure 7). 
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Where the water table is below about 2 m, aspects of the capillary fringe including the 

pieziometric surface, evaporative demand and topographic position combine to 

determine the susceptibility of topsoil to salinisation. Rose et al. (2005) investigated some 

aspects of the capillary fringe and revealed that three distinct phase states of water 

existed: a zone of liquid flow immediately above the water table, a zone of vapour flow 

close to the soil surface, and a liquid-vapour discontinuity between these two zones. They 

called the zone of liquid-vapour discontinuity the �evaporation front� and concluded that 

this was where the majority of salts accumulated in a sandy loam soil with a water table 

subjected to high evaporative demand under laboratory conditions at 300 mm, 350 mm 

and 700 mm depth. The evaporation front within a capillary fringe accounts for the bulge 

shape in the concentration of soil salts (Figure 7). 
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Figure 7: A typical salinity profile of a soil unexposed to a high water table (Jenkins 1982). 

Rengasamy (2002) described a cause of topsoil salinisation that is not hydrogeologically 

connected to the water table. Called �transient salinity�, it occurs where there is a subsoil 

barrier to soil water percolation (such as a sodic B horizon). In semi-arid dryland 

agricultural zones, percolation of rainfall is restricted due to the lack of rainfall and high 

rates of evaporation. This causes the salts that are contained within rainfall and sea spray 

(see Section 2.4) to accumulate at the base of the A2 soil horizon. This transient salinity 

is therefore variable, both spatially and temporally, depending on the physical nature of 
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the soil and on seasonal variation in rainfall and evaporation. Rengasamy (2002) claims 

that while 16% of Australian soils are vulnerable to salinisation due to high water tables, 

67% are at risk of transient salinity due to sodic subsoils.  

While Rengasamy (2002) describes transient salinity as being unconnected to the water 

table (in his description, a permanent water table exists at about 15 m depth), there 

appears little to distinguish the essential physical characteristics inherent to transient 

salinity from that caused by a perched water table as described by Bettenay et al. (1964), 

or that might be classed by Coram (1998) as a �Local model 6 - Discharge from perched 

aquifers�, as each requires that percolating water be restricted by an aquiclude. The 

difference appears to be related to the scale at which the problem of salinisation is 

considered. Rengasamy�s model is concerned with salinity occurring in the topsoil, and is 

therefore more suited to the causes and processes of salinity at the micro-scale (Figure 1, 

Section 1.1). In contrast, Bettenay et al’s (1964) and Coram�s (1998) models are concerned 

with the occurrence of salinity at a broad landscape scale, and are therefore most suited 

to macro- and meso-scale salinity studies. These different salinity models clearly 

demonstrate the problem of scale when describing natural systems (Levin 1992, Section 

1.1). 

2.3. Measuring salinity by electrical conductivity 

2.3.1. Measurements in the laboratory 

Rhoades et al. (1989) showed that reliable estimates of substrate salinity are obtained by 

measuring the substrate�s electrical conductivity (EC). There are two common methods 

for assessing soil EC in the laboratory. One involves the saturation of the soil sample 

with deionised water followed by extraction of the water using a vacuum or a centrifuge, 

and assessment of EC of the soil water extract. This is known as a saturated extract or an 

ECe. The other method mixes one part air dry soil with five parts deionised water and 

measures the EC of the solution, known as an EC1:5.  

These two methods can produce different results from the same soil sample. ECe is a 

good estimate of the soluble salt concentration of the soil at saturation. EC1:5 is a measure 

of the soluble salts per unit volume but is influenced by the texture of the soil sample. It 

is incorrect to compare the EC1:5  of soils with different textures without making an 

estimate of soil texture. Measurement of ECe is more difficult and expensive compared to 
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EC1:5 and EC1:5 is the more common measure. Taylor (1993) developed a correction 

factor to convert EC1:5 into ECe based on an assessment of the textural class of the soil 

sample (Table 2). These correction factors are commonly used to compare salinity from 

soil of different textures and were used in this study. 

Table 2: Commonly used conversion factors for EC1:5 to ECe (Taylor 1993)  

Soil Texture Group Conversion Factor
Sands 17 

Loams 10 

Clay Loams 9 

Light Clays 8 

Medium to Heavy Clays 7 

2.3.2. Measuring and mapping salinisation  

Mapping salinity in the field is fundamental to understanding its causes and how it may 

be managed. Indications of land-based salinisation can be gained from a number of 

disciplines including: 

• soil science and agriculture - soil maps, land use and land management units 

(McDonald et al. 1990; McFarlane and George 1992; Bastick and Walker 2000);  

• hydrogeology � geology and groundwater maps (Nulsen and Henschke 1981; 

Dell 2000);  

• forestry � vegetation-cover maps (Nulsen 1981; McFarlane and George 1992); 

and, 

• geophysics and remote sensing � electromagnetics (EM), digital elevation models 

(DEMs), muli-spectral images, and magnetics (Spies and Woodgate 2005). 

The particular techniques for mapping salinisation depend on the purpose of the survey 

and the resources available. In this thesis EM, DEM, EC of soil samples from boreholes, 

and assessments of soil maps, land management units, geology and groundwater flow 

maps were used, as these constituted the data available on the island. As such, the review 

of the literature in this section is limited to these methods only. 
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Electromagnetic induction (EM) uses a transmitting coil to create a magnetic field that 

penetrates into the soil below it. McNeill (1980) shows that the magnetic field creates an 

electrical current in any conducting material that in turn creates a secondary magnetic 

field, which is measured by the meter�s receiver coil. The ratio of the secondary to 

primary magnetic field is in linear proportion to the soil�s apparent electrical conductivity 

(ECa). As such, ECa is a combination of the electrical conductivity of soil and water 

(Figure 8). 

 

Figure 8: Electrical current in soil and water can follow three pathways as originally 
described by Rhoades et al. (1989): (1) in solid soil and water, (2) in water only, and (3) in 

the solid soil only. 

Given that soil is a complex mixture of solid, liquid and air, and that the solid portion 

may in turn be a complex mixture of different textures and minerals, ECa is influenced by 

soil porosity, permeability, moisture content, and the composition of the clays (Cook et 

al. 1991; Emerson and Yang 1997). As such, Cook and Williams (1998) describe ECa as: 

ECa = ECw.ΘνT + ECs    (Equation 1) 

where: 

ECw is the electrical conductivity of soil water; 

ΘνT is the volume of water that is assessed, which is estimated by 

multiplying the measured gravimetric water content by an estimated 

soil bulk density; and, 

ECs is the electrical conductivity of the solid soil. 
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In soil with low salt content, an assessment of soil ECa is influenced predominately by 

the amount and type of clays in the soil (ECs) (Rhoades et al. 1990; Cook et al. 1991; 

Bennett et al. 1999; Hill 2001). Also, the temperature of the soil and the EM meter can 

influence ECa (McNeill 1980a), however, field studies on the impact of soil temperature 

on EM readout found a poor correlation exists between soil temperature in the upper 10 

cm of soil and ECa values obtained by an EM38 (Brevik et al. 2004). An EM38 is similar 

to an EM31 but is physically smaller. It generates a magnetic field at higher frequencies 

to measure near surface soil ECa to a depth of about 1.5 m. The EM31 is a longer 

machine that generates a magnetic field at lower frequencies to measure soil ECa to a 

depth of about 6 m when used in the vertical dipolar mode (EM31v - more details on the 

characteristics of the EM31 are given in Section 4.2). 

In a separate study, Sudduth et al. (2001) also found that soil temperature had only a 

minor effect on EM38 readout used in the vertical dipole. There does not seem to be any 

literature on the susceptibility of the EM31v meter to temperature variation. It appears to 

be assumed that because the EM31v is less susceptible to drift and is generally regarded 

as more robust than the EM38v meter (Anon 2002) and because it measures ECa to a 

depth at which soil temperature is less susceptible to fluctuations, soil temperature has a 

negligible influence on ECa readout. 

Job et al. (1998) and Fitzpatrick et al. (2003) showed that where soil salinity is high and 

total soil moisture is above about 10 %, between 75-90 % of ECa is explained by the 

dissolved salts in the soil pore water, outweighing the contribution from soil porosity, 

permeability, temperature, and the composition of the clays. The inverse of this is also 

true. If the regolith contains less than 10 % total soil moisture it can be very salty but the 

ECw will be low because of the small amount of water. This can lead to possible error. 

An analysis of the reliability of the EM31v for salinisation mapping in this study is 

outlined in Section 6.1.  

Where total soil moisture levels are above about 10 %, EM has been deemed a reliable 

instrument for (1) the rapid assessment of soil salinisation (Williams and Baker 1982; 

Lesch et al. 1992; McFarlane and George 1992; Lesch 2001; Lesch et al. 2005); (2) to 

predict the salt content of soil horizons (Reid and Howlett 2001); (3) to investigate 

irrigation efficiency (Rhoades et al. 1997), and salt leaching under irrigation (Corwin et al. 

1996); (4) to map shallow groundwater (George et al. 1999); and, (5) to help determine 

the impact of salinisation on crop yield (Slavich and Read 1994; Jaynes et al. 1995).  
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Consequently, EM techniques have also been used for salinity management; to support 

the monitoring of salinity remediation treatments, including revegetation and engineering 

(George et al. 1999a); and in the development of regional and farm plans (George and 

Bennett 1999; Broadfoot et al. 2002; Horney et al. 2005). In these instances EM is 

typically used as part of a suite of methods applied to the same area. In this particular 

study, field data capture was restricted to using EM survey techniques due to the lack of 

additional resources. More details on the materials and methods used are outlined in 

Chapter 4. 

For catchment and regional scale surveys an EM machine is commonly coupled with a 

global positioning system and a data logger. ECa data is captured with attendant X and Y 

coordinates over a broad area by fixing the units to a vehicle and by travelling in transects 

across the landscape. More details on the automation of the EM31v used in this thesis is 

given in Section 4.2. 

Once an ECa data set is captured, Cressie (1990) showed that the application of a 

computer-aided spatial algorithm called �kriging� enabled the interpolation of ECa to areas 

not directly assessed by an EM meter. Essentially, kriging attempts to express trends in 

spatial data so that areas of similar ECa might be grouped at similar levels. The central 

characteristic is that, on average, observations that are closer together are more similar 

than those further apart. Kriging has been used widely for salinity map production. For 

example, Walter et al. (2001) used kriging to determine the spatial variability of soil 

salinity over 38,000 hectares in South Africa from data collected from an aircraft. On a 

finer scale, kriging has been used to infer ECe from EM surveys at farm and paddock 

scales (Salama et al. 1994; Johnson et al. 2001; Corwin et al. 2003; Douaik et al. 2005).  

Commonly, height-above-sea-level data is captured during ECa surveys, which allows for 

the construction of digital elevation models (DEMs) through computer analysis. Terrain 

modelling of DEMs allows further analysis of surface geometry in order to derive 

additional terrain information, such as landform (ridge top, slope or valley), aspect, 

drainage patterns and areas where water accumulation is likely. For example, Florinsky et 

al. (2000) used terrain analysis from DEMs to determine the magnitude and direction of 

slope in the Canadian prairies. They modelled areas of water accumulation (concave land 

surface), transition (changing from concave to convex) and dissipation (convex) to 

delineate salinity risk areas. Similarly, Taylor et al. (2001) used a combination of 

radiometric and magnetic imagery in association with DEM terrain modelling to map and 
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predict the locations of soil salinity in the Yass River catchment of NSW. Summerell et al. 

(2000) used five landscape variables - elevation, aspect, slope, flow accumulation, and 

flow length, when terrain modelling a DEM to predict parna deposition in an area 

covering 291 km2 in the Young district of NSW. Further descriptions of the EM 

techniques, kriging and terrain modelling techniques employed in this thesis are outlined 

in the methods section (Section 4.2). 

2.4. Sources of salt 

For salinisation to occur salts need to accumulate in certain areas of the landscape by 

being dissolved and transported by the movement of water. On King Island the sources 

of salt onto the island are from rainfall, sea spray and by weathering of the parent 

material. The literature pertinent to these areas is reviewed in the following sections.  

2.4.1. Rainfall (and evaporation) 

Hutton and Leslie (1958) analysed the chemical composition of rainwater over a period 

of two years in Victoria, ranging from near-coastal areas to 320 km inland. Additions of 

salt reached up to 188 kg ha-1 year-1 near the coast and about 1 kg ha-1 year-1 inland. Salts 

were deemed to predominate from terrestrial processes (e.g. dust) rather than from 

oceanic accession at about 125 km inland. Hingston and Gailitis (1976) observed a 

similar decreasing trend in the salt composition of rainfall away from the coast in 

Western Australia. At the coast, 180 kg ha-1 year-1 of salt were contained in rainfall and 

less than 2 kg ha-1 year-1 at about 240 km inland. 

These findings confirmed suggestions by early research that the main source of salt into 

catchments was by rainwater accumulation over thousands of years (Teakle and Burvill 

1938; Cope 1958; Bettenay et al. 1964).  

The amount of rainfall and evaporation combine to govern the expression of salinity in a 

landscape, whereby, salt is concentrated by the evaporative demand in excess of the 

amount of rain that falls. This has particular relevance where long-term climate change 

models predict a decrease in rainfall and an increase in potential evaporation (Hennessy et 

al. 2006), which could tip the hydrologic balance toward the concentration of salts. For 

example, Crowe (1993) modelled the effects of climatic variability on the salinity levels of 

a groundwater fed Canadian lake. Long-term temperature rises that increased 

evaporation, and decreased rainfall, reduced the amount of water available to recharge 
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groundwater. Salt levels were concentrated by increased evaporation, which caused a 

significant increase in groundwater salinity levels and lake salinity levels.  

The effect of increased temperature due to climate change on soil salinity is related to 

increased heating of soil affecting the evaporation, condensation and diffusion of vapour 

and transport and precipitation of salts (Bear and Gilman 1995). Increased temperature 

forces salt to migrate from a saline water table and concentrate in hot areas of the soil 

(presumably nearer the soil surface). Bear and Gilman�s (1995) observations and models 

support those that describe the precipitation of salt by capillary action outlined in Section 

2.2.1. 

2.4.2. Sea Spray 

As waves approach land, bubbles of trapped air are released from the water breaking the 

surface, injecting droplets into the air. A single drop of seawater of 100 µm diameter can 

contain about 30 µg of salt (Brown et al. 1989). On the Californian coast, aerosol 

additions of salt were modelled under various wind conditions at two sites (de Leeuw et 

al. 2000). They concluded that from a 50 m wide surf zone, aerosols produced from sea 

spray could be carried at a height of up to 50 m at a wind speed of 32 km-1 hr-1. Under 

these conditions they concluded that significant amounts (10 %) of sea spray were 

transported 25 km inland. 

Given the location of King Island on the western margin of Bass Strait, and that the 

predominating winds are from the west, it is likely that salt accessions from sea spray 

constitute significant additions of salt to the island. Estimates of salt accessions are 

presented in the discussion (Section 6.3). 

2.4.3. Weathering 

Twidale (1982) defines the process of weathering as the �alteration and/or disintegration 

of rocks in situ and in the range of ambient temperatures found at or near the Earth�s 

surface.� This process can be further defined as primary weathering related to bedrock 

that yields primary source material to the regolith � feldspars, quartz, micas, mafic 

materials and carbonates; and, secondary weathering of these materials within the 

regolith to ultimately transform these materials into quartz, kaolinite, and iron and 

aluminium oxide/oxyhydroxides (McQueen, 2006). Weathering involves a 

transformation (both physical and chemical) of regolith material that involves the actions 
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of water. In relation to the origin of salts in landscapes, weathering influences the 

accumulation of salts resulting from the physical and chemical composition of the parent 

material and secondary weathering of these materials. These processes are combined and 

compared with human induced changes to the hydrologic cycle, typically through the 

removal of deep rooted vegetation.   

Historically, Bettenay et al. (1964) found that weathering on the granite and gneiss that 

composed the aquifer contributed very little to the salts present in the groundwater in the 

Belka catchment in Western Australia. However, it is worth noting that the underlying 

causes resulting in the observed increase in concentration of groundwater salts during 

their passage from the top of the Belka valley to the bottom were not actually known. 

Increases in salt concentration were thought to be associated with the loss of water 

through the aquiclude (Bettenay et al. 1964).  

In later work in another area of Western Australia, Bettenay (this time with other 

researchers; Dimmock et al. 1974) concluded that the presence of salts was almost 

entirely due to atmospheric accession and that it was ��unnecessary to invoke other 

mechanisms�for which there is little or no evidence� (Dimmock et al. 1974). 

Gunn and Richardson (1979) investigated the concentration of salts in pallid zone 

weathered sediments and unweathered granitic, volcanic and metamorphic rocks 

throughout Queensland, New South Wales and Victoria. They found that the 

concentration of sodium and chloride varied significantly but was at �appreciable� levels 

in metamorphic rocks. Nevertheless, like Bettenay et al. (1964) and Dimmock et al. 

(1974), they also concluded that weathering was unlikely to contribute a significant 

proportion of soil salt when compared to accessions through rainfall. However, they did 

determine that the origin of salts in inland areas was associated with weathering of 

argillaceous sedimentary rocks and granite more so than from atmospheric accession. 

Gunn (1985) studied the location of secondary saline sites in New South Wales and the 

chemistry of the groundwater in relation to the underlying geological setting. Sodium and 

chloride were the dominant groundwater ions but it was impossible to determine the 

proportions that were derived from rainfall or from primary weathering. He observed 

that all the salt affected areas were underlain by deeply weathered material and that no 

surface salting was associated with unweathered rocks. Groundwater with the highest 

sodium chloride content was associated with volcanic and granitic rocks and an electron 

micro-probe analysis of these highly saline materials found that the highest chlorine 
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content minerals were principally biotite, hornblende and potassium, sodium and calcium 

feldspars (Gunn, 1985). This suggested that a high chloride concentration exists in both 

the unweathered granite and in the weathered phases (principally biotite). 

Since about 1990, modern geochemistry techniques and multidisciplinary landscape 

evolution methods have advanced the understandings of weathering and salt in the 

landscape. For example, McQueen (2006) used four techniques in order to determine the 

origin of parent rock type and to estimate the degree of weathering of in situ profiles. 

1. K/Al and Mg/Al ratios - These provide an index for characterising different 

regolith materials in different stages of mineralogical/chemical evolution. This 

technique recognises that weathering involves additions of water, progressive loss of 

NA+, K+, Ca2+, and Mg2+ and retention of Si4+, Al3+ and Fe3+ (McQueen, 2006). In 

Cobar in New South Wales this techniques was used on samples from 

saprolite/saprock and younger ferruginous alluvium/colluvium. The 

saprolite/saprock contained significant muscovite and illite, which had been altered 

to kaolinite depending upon sample depth. The alluvium/colluvium contained 

significant amounts of weakly altered phyllosilicates representative of low levels of 

post-depositional weathering.  

McQueen (2006) concluded that this approach to chemically distinguish regolith will 

work within particular regions where there are regolith components characterised by 

different parent rock compositions, different degrees of weathering or different 

histories of sorting or remixing/homogenisation during transport.  

2. The Chemical Index of Weathering (CIA) � This index, CIA = 100 * Al2O3/(Al2O3 

+ CaO + NA2O + K2O) reflects the breakdown of feldspars and mica to kaolinite, 

but has a major drawback in that it estimates the total history of chemical weathering 

from the primary source, i.e. including that already present in sedimentary rocks prior 

to further weathering. Thus, it is difficult to apply this index as a direct measure of 

the proportion of primary weathering compared with secondary weathering. 

However, it is a good indicator of variability of weathering on a common rock type 

and McQueen (2006) demonstrated increased rates of CIA in the top 10 m of 

regolith compared with underlying regolith to 70 m depth on siltstone/sandstone in 

the Cobar region of New South Wales.  

3. The Rare Earth Elements (REE) � These include chemical elements that are 

believed to have low solubility and resistance to fractionation, such as, Ce and Nd. 
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Determination of their depth concentration within a regolith can be used to estimate 

the extent and intensity of chemical weathering and leaching. For example, McQueen 

(2006) demonstrated on deeply weathered profiles in the Cobar region of New South 

Wales that Ce was depleted from the top 50 m of regolith and concentrated between 

50 � 70 m depth indicative of the amount of the chemical leaching of profiles. 

4. Ferruginisation � Ferruginisation is controlled by reduction/oxidation of iron in 

solution and zones of Fe content can determine the position of redox boundaries 

that can be helpful in determining chemical transition zones in the regolith. 

Comparing concentrations of Fe with weathering resistant ions such as Al or Ti can 

confirm redox boundaries that are often identified by visual observations, which can 

be prone to error because, for example, small amounts of finely divided hematite can 

strongly colour clay-rich regolith (McQueen 2006).  

On mainland Australia these geochemical techniques have been combined with other 

investigative methods in the formation of a multidisciplinary regolith investigative 

technique called regolith-landform mapping, which has been developing in Australia 

since about 1995. Hill (2002) describes this type of mapping as providing a framework 

for special purpose applications such as environmental management and research. For 

example, Lenahan (2003) combined data from airborne electromagnetics and gamma-ray 

spectroscopy with digital elevation models and information from drill boreholes to create 

regolith-landform maps in order to predict the origin and location of salts in regolith in 

the Bland Basin in NSW. Through advanced geographic information systems Lenahan 

(2003) determined that the prediction from Gunn and Richardson (1979) that salt is 

predominantly sourced from evapo-transpiration of rainfall was partly true and that the 

salt was added during the depositional history of the Basin, by the incorporation of salt 

into sediments during deposition (Lenahan 2003).  

The investigative techniques utilised in this thesis precluded an assessment of ion 

composition. Chemical composition of sediments has been assumed from the available 

literature. Moreover, the priority of this study was to determine the areal extent and 

magnitude of salt affected soil as determined by the EM31v survey in association with 

salt concentrations down soil profiles to 3.5 m depth (refer to the aims and methods 

sections of this thesis). A lack of resources precluded a detailed regolith-landform 

analysis. 
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2.5. Political history and salinity management programs 

The modern political history related to salinity management in Australia had its origins in 

the early 1980s with the National Soil Conservation Program (NSCP). This was a 

government-funded initiative designed to raise public awareness of issues relating to soil 

management and conservation. It provided funds for education, training, 

demonstrations, research, and planning for soil conservation programs across Australia. 

The NSCP provided a vehicle for the adoption of the Landcare program in the mid 

1980s, which had similar objectives to NSCP yet had greater emphasis on the 

development of local groups to engage in the management of environmental issues, 

including controlling salinisation.  

By 1989, Landcare was formally recognised as the principal vehicle for community-based 

environmental management, and became a nationally recognised program called the 

Decade of Landcare (1990-1999). One of the main sub-programs to the Decade of 

Landcare was the National Dryland Salinity Program (NDSP), launched in 1993 under 

the National Heritage Trust Act. The NDSP involved the completion of over $40 M of 

research and extension projects related to dryland salinity management (Robins 2004). It 

included the completion of the National Land and Water Resources Audit that involved 

the collection of information about Australia's natural resources, including salinisation. In 

Tasmania, the Audit made the first attempt to map soil salinity right across the state 

(Grice 1995, see section 3.6 of this thesis for the results on King Island). One of the 

goals of the Audit was to provide a benchmark for the condition of salinisation in order 

to assess the effectiveness of future management programs.  

Following from the completion of the Audit, the Commonwealth government formed a 

national committee to oversee the continued development of data collection under the 

National Natural Monitoring and Evaluation Framework. The framework defined the set 

of national indicators used to monitor and report on many natural resource management 

topics, including salinisation. In turn, salinity monitoring and evaluation was based on the 

GFS concept and the characterisation of catchments (Coram 1998) used to classify 

salinity risk (Section 2.1) into a part of the landscape in which a particular GFS 

predominates (Figure 9).  
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Figure 9: The concept of GFS is the foundation of salinity risk assessment and 
subsequent salinity management (Robins et al. 2003). 

Local GFS are believed to respond relatively rapidly to salinity management based on 

recharge control, relative to intermediate or regional systems (Figure 9). Estimates within 

a local GFS in Victoria suggested that 30 to 50 years would be required for salinity 

management practices to fully mitigate saline discharge (Barr, 2002). Due to the short 

response time (relative to intermediate or regional systems), local GFS afford the greatest 

likelihood for successful salinity management. On intermediate GFS, lateral discharge 

might occur within 5 to 50 km and salinity management may take 50 to 100 years to 

affect salinisation (Campbell et al. 2000). Regional GFS occur on a scale that is so large 

(100s to 1000s of kilometres) that any management action would take 100s to possibly 

1000s of years to impact upon salinisation. As such, Robins et al. (2003) state that 

regional scale recharge management is impractical in human time scales. 

Following from the classification of catchments (Coram 1998), and the assignment of 

subsequent salinity risk, Ridley and Pannell (2005b) state that the various approaches and 

options to salinity management are based on five general themes: salinisation prevention, 

recovery, containment, adaptation or �do nothing�. Each general theme is supported by 

various options for on-ground management that includes the use and reintroduction of 

vegetation in recharge and discharge areas, the adoption of new farm management 

systems, and implementation of engineering options (e.g. drainage).  

Salinity management within the local and intermediate GFSs around Esperance in 

Western Australia provides a good example of the GFS approach to salinisation 

management. This catchment, located in the far south west of Western Australia was 

described as containing �local and regional groundwater flow system in alluvial sediment 

and deeply weathered rocks (Barr, 2002).� Groundwater covered approximately 80 % of 
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an Esperance catchment area, which has low to moderate gradients. Modelling based on 

observations of pieziometer data suggested a large area of the catchment was at risk of 

salinisation by shallow water table rise in the next 50 years. The options deemed most 

appropriate included recovery, containment and adaptation using deep rooted trees for 

recharge control in upland areas and discharge control in the valleys, and the replacement 

of annual pasture species with perennial pasture species to limit leakage into 

groundwater. Modelling of various outcomes suggested that a 90 % reduction in leakage 

to the groundwater would prevent groundwater-induced salinity problems by the year 

2020 (Barr, 2002). Studies such as this one were repeated in 12 catchments across 

Australia under the NDSP, but excluded any catchments in Tasmania (Barr, 2002).  

Understanding of the hydrogeological causes of salinisation and the GFS catchment 

classification concept is essential to understanding the rationale behind the application of 

government funds for salinity management. This rationale continues today (Walker et al. 

2003), however, the major difference is that the processes of governance has changed 

such that Natural Resource Management (NRM) committees, which oversee NRM 

investments over broad areas, have largely superseded Landcare and catchment-specific 

management groups. Also, an umbrella administration of federal and state representatives 

is now overseeing the Nation Action Plan for Salinity and Water Quality (NAP, Council 

of Australian Governments 2000). In Tasmania, at the time of writing, a priority 

catchment in the state�s north (under the jurisdiction of NRM North) has been chosen 

for priority management. In this catchment, the delineation of GFS and modelling of 

various risks and management outcomes are likely to be implemented to help manage 

salinisation following the general assumptions explained in this section of the thesis.  

The NRM regions that operate under the NAP are in turn required to report against 

national NRM guidelines, called Resource Condition Targets (RCTs), which have been 

defined under the National Natural Monitoring and Evaluation Framework. For land 

salinity, there are three associated indicators: 1) depth to groundwater; 2) groundwater 

salinity; and, 3) the location and size of salt affected areas. 

In the context of this thesis, these RCTs, particularly the third (with the addition of a 

measure of salinisation severity), closely match the detailed aims of this study, which are 

presented in Chapter 4. 
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Chapter 3. The climatic and geophysical characteristics of 
King Island and previous salinity investigations 

 

3.1. Climatic features and rainfall 

The prevailing winds on King Island are from the west and average between 20 to 26 km 

hr-1 month-1 (BOM 2006; Hydro Tasmania 2006, 36 years of record). 

The spatial variability of mean annual rainfall across Tasmania is show in Figure 10 

(BOM, 2006). It can be seen that the south eastern portion of King Island is modelled to 

receive between 1,000 and 1,200 mm yr �1, decreasing to between 800 and 1,000 mm yr-1 

toward the north and along the western margin of the island. Long-term average rainfall 

has been calculated at the Bureau of Meteorology�s station at Currie (in the centre of the 

island�s west coast), and totals 900 mm yr-1, the majority of which falls in late autumn, the 

winter months and early spring.  

Unfortunately, pan A evaporation data is not available from the Currie weather station, 

therefore, predictions from the Bureau of Meteorology were used (BOM 2008, Figure 

11). Predicted average evaporation exceeds rainfall from October through to March. 

Evaporation is three times in excess of rainfall in the summer months of January and 

December. Between April and September rainfall exceeds evaporation with about 80 - 

100 mm excess rainfall in the winter months (Figure 11). These data strongly suggest the 

general trend of aquifer recharge in the winter months and draw down in the summer 

months. 

No data are available on aerosol production from sea spray. Estimates for the island were 

taken from the wider literature and are presented in the discussion (Section 6.3.1).  
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Figure 10: Mean annual rainfall across Tasmania (Source: BOM 2006). 
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Figure 11: Monthly rainfall averages at Currie and Pan A evaporation 
predicted from the Bureau of Meteorology (BOM 2008). 
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3.2. Geology and geomorphology 

Details from previous reports and studies undertaken on the island in the related 

desciplines of geology, geomorphology and soils allow for an understanding of the 

geomorphic context in which research was undertaken for this thesis. It also allows for a 

greater understanding of previous salinity mapping and management (Section 3.6). 

Jennings (1959), Gresham (1972), and Young and Mathison (1994) provide detailed 

geological interpretations of the island�s bedrock. The western half of the island is 

comprised of igneous metasediments, which Gresham (1972) describes as Proterozoic 

granite and shale (Figure 12). Berry et al. (2005) further describe the granite sequence as 

comprising more than 1000 m of dominantly quartzo-feldspathic schist with minor 

quartzite, pelitic schist, and rare calcareous lenses. The typical mineral assemblage in the 

schist is quartz-muscovite-biotite (-plagioclase). Blackney (1982) provides a similar 

description for the neighbouring Proterozoic shale sequence, comprising quartzo-

feldspathic and pelitic schist and phyllite with mafic rocks and very minor carbonate. In 

the eastern half of the island, relatively unmetamorphosed siltstone and sandstone 

sequences occur. The relationship between these units and the igneous metasediments is 

poorly understood (Berry et al. 2005). 

At the southern end of the island bedrock geology is exposed at cliffs of up to 150 m 

high. The northern half of the island is low-lying with significant areas occurring below 

50 m ASL (Figure 13). Areas of Precambrian rock constitute the plateau that is highest in 

the south (at about 130 m ASL) decreasing in elevation to the north. During periods of 

high sea levels in the Quaternary, marine and estuarine sediments occurred around the 

bedrock highs, forming a plain to the north of the plateau. Terrestrially-derived 

sediments deposited on this plain (unconsolidated Quaternary sediments, Figure 14) may 

have derived from the denudation of the plateau soils (Jennings, 1959). Swamps and 

lagoons formed by the restriction of surface water flow by the dune systems (called 

Pleistocene old dunes in this thesis to differentiate them from the Holocene new dunes 

Figure 14) resulted in the accumulation of these materials on the plains. The Holocene 

new dunes form an extensive ring around the island (except in the south east), some of 

which obtain a height of 50 m ASL. 
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Figure 12: Bedrock geology map of King Island. The numbers in the figure refer to 
sample plot numbers in Berry et al. (2005). 

With the exception of a number of fast flowing streams that incise the southern plateau 

area, the streams of the island are slow flowing. The southern areas of the island are very 

well drained whereas the northern half has very few streams (Figure 15). In the north 

many streams are restricted by the dune systems, and cease flowing forming lakes, 
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lagoons and wetland areas. Most wetlands have been drained for agricultural use, Egg 

Lagoon being the single largest drained area (Figure 15). 

3.3. Soil mapping units  

Stephens and Hosking (1932) identified nine distinct soil map units on the island (Figure 

16). The characterisation of each is related to the four major geomorphic features: the 

highland plateau, plains country, dunes, and the swamps and lagoons. Generally, all the 

soil types exhibit a considerable degree of uniformity in the soil profile and are described 

as �extremely light in texture�. Nonetheless, hardpan layers do exist and their 

characteristics are outlined below (excluding the Camp Creek sandy-loam due to its 

minor occurrence on the island). Particular reference has been made to soil layers that 

may be regarded as aquicludes as they are more likely to hinder groundwater flows and 

cause perched water tables than soil without aquicludes, and are shown in the figures as 

stippled zones. 

3.3.1. Soil on the highland plateau 

The Pegarah fine sandy-loam occurs on the highland plateau area in the southern half of 

the island. It is the single largest map unit, and constitutes approximately 40% of the 

island. Some small remnant patches occur in the northern half of the island that have 

withstood previous weathering and denudation events (Jennings, 1959). The plateau soils 

are described as extensively podsolised, directly overlying Proterozoic shale from which 

they are derived. 

The typical soil profile (Figure 17) consists of surface soil that is relatively rich in organic 

matter and sand, overlying a fine sandy loam to a depth of about 35 cm, overlying yellow 

clay. The yellow clay has been described as sometimes semi-cemented but is not 

described as constituting a hard pan. 
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Figure 13: The relief of King Island above sea level (m). 
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Figure 14: Geology of King Island including the distribution of unconsolidated materials 
(adapted from Calver et al. 2005). 
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Figure 15: King Island’s surface drainage pattern and land parcels. 
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Figure 16: Soil mapping units of King Island (Stephens & Hosking, 1932) 
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Figure 17: Pegarah fine sandy-loam soil map unit comprise 370 km2 of the island 
(adapted from Stephens and Hosking 1932). 

Soil surveys completed since Stephens and Hosking (1932) have revealed greater 

complexity in the Pegarah fine sandy-loam soil unit. Hubble (1947) identified eight 

distinct soil types, and Kidd (2001) stated that the Pegarah unit was ��very spatially 

complex, with variations over extremely small areas of only a few square meters.� Kidd 

(2001) also stated that hard pans in the Pegarah fine sandy-loam were common, and that 

they varied dramatically in terms of existence and depth. This has particular relevance to 

micro-scale salinisation whereby pan layers in soil would prevent water percolation; 

induce surface ponding increasing salinity levels near the soil surface. 

3.3.2. Soils on the plains country 

Bordering the Pegarah fine sandy-loam Stephens and Hosking (1932) identified four 

sandy soils of the plains country; the Nugara sandy-loam and the Naracoopa, Lappa and 

Taroona sands. 

The Nugara sandy-loam occurs between the town of Currie and Whistler Point, on flat 

waterlogged country associated with granite and shale geologies and covers an area of 65 

km2. As the drainage is poor, it is a heavy soil type, rich in organic matter in the topsoil 

with fairly constant sand content throughout, over clay subsoil. Coarse and fine sand 

occurs throughout the profile, and averages about 60 % of the content even in the clay 

layer. As such, the subsoil clay is not described as constituting a hardpan. Waterlogging 
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associated with this soil unit is primarily a function of topography rather than pedological 

characteristics. 

Naracoopa, Lappa and Taroona sands are very similar soil types differing in their 

topographical positions on the island and the characteristics of subsoil pans that are 

present in each soil. Of the three, the Naracoopa sand is found at the highest elevation 

on the inland side of the dune formations on the east coast. The Lappa sands are found 

in the southern half of the island occurring between the plateau�s Pegarah soils and the 

dune formations. They also occur where the Pegarah soils have eroded away in the north 

of the island, occupying a vast area of the flat, moist low-lying plains country. The 

Taroona sands are confined to the north of the island and occur topographically above 

the Lappa sand and below the dune formations.  

The three soils are very sandy, rich in organic matter and are characterised by extreme 

profile podsolization below which exists a humus hardpan. The characteristics of the pan 

define the three soils. The Naracoopa pan is very hard and is often referred to as �coffee 

rock�. The Lappa pan is less hard and is penetrable by a hand auger with considerable 

effort, and the Taroona hardpan is quite soft, being easily penetrable by a hand auger 

(Stephens & Hosking, 1932). Characteristics of each are shown in Figure 18, Figure 19 

and Figure 20 respectively; with the pan layers represented as stippled zones. 
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Figure 18: Naracoopa sand soil map unit comprise 106 km2 of the island (adapted from 
Stephens and Hosking 1932). 
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Figure 19: Lappa sand soil map unit comprise 257 km2 of the island (adapted from 
Stephens and Hosking 1932). 

3.3.3. Swamp soils 

Stephens and Hosking (1932) consider the reclaimed swamp soils as the most fertile, yet 

variable soils on the island covering an area of 16 km2 in the island�s north, mainly 

around Egg Lagoon and Lake Flannigan, with two smaller occurrences inland of Whistler 

point. Five sub-types of the swamp soils have been identified differing, in the main, by 

the content and depth of calcium carbonate in the subsoil. All are characterised by very 

high surface organic matter, classed as a black peat to peaty-loam to about 25 cm depth, 

and as being more or less waterlogged in the natural state. No subsurface pan layer is 

present in any of the swamps soils with waterlogging associated with topographic 

position. Most of these soil types have been drained and are now under intensive 

agricultural use. 

3.3.4. Soils on the dunes 

Stephens and Hosking (1932) identified two soil types associated with the dune systems; 

the Currie calcareous sand on the Holocene new dunes, and the Yambacoona sand on 

the Pleistocene old dunes.  

The Currie calcareous sand occurs in a narrow irregular band of less than 2 km width, 

extending the whole distance down the western coast, except in an area to the north of  
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Figure 20: Taroona sand soil map unit comprise 81 km2 of the island (adapted from 
Stephens and Hosking 1932). 

the township of Currie. The soil consists essentially of weathered shells characterised by a 

high calcium carbonate content that increases rapidly with depth. 

The Yambacoona sand is found entirely in the northern half of the island, inland of the 

Holocene new dunes. This soil has greater organic matter in its topsoil than the Currie 

calcareous sand, and overlays red/brown sand with nodular limestone occurring in the 

subsoil. Each of the dune soils is very sandy with no pan development in the subsoil. 

Thus, water is immediately drained away to lower in the soil profile. 

Stephens and Hosking�s (1932) seminal work on the island has formed the basis for 

previous macro-scale mapping and planning on the island. Their soil unit boundaries 

have been used to define other boundaries such as land systems maps (Richley 1984, 

Section 3.6), the salt hazard map (Grice 1995, Section 3.6) and, to a lesser extent, the 

groundwater flow maps (Latinovic et al. 2002, Section 3.4). Subsequently, salinity policy 

and management on the island has its origins in Stephens and Hosking�s (1932) soil map.  

Given the primary purpose of the thesis is to assess the land systems classed as uniformly 

saline, it was decided that the EM surveys should endeavour to traverse all the soil units, 

except for the Currie calcareous sand that was assessed as too steep and unsafe to survey.  

3.4. Groundwater Flow Systems 

In Tasmania, the GFS characterised by Latinovic et al. (2002) have been used in 

preference to those of Coram (1998) in the development of salinity management policy 

related, for example, to the National Action Plan for Salinity and Water quality. It is 
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unclear why this is the case. It might represent a belief that Latinovic et al.�s systems are 

more representative of Tasmanian GFS and salinity planning. This is evident in report�s 

title �Tasmanian Groundwater Flow Systems for Dryland Salinity Planning.� 

Of the thirteen GFS described as occurring across Tasmania at a 1:500,000 scale (Section 

2.1), Latinovic et al. (2002) identified three major systems that occur on King Island 

(Figure 21). These are: system number 2 - local flow systems in Quaternary sediments; 

system number 3 - local to intermediate flow systems in Quaternary sediments and; 

system number 12 - intermediate flow systems in low relief sedimentary rocks.  

For system number 2 - local flow systems in Quaternary sediments, aquifers are located 

at the dune systems on the island�s periphery (Figure 21). Aquifers are sandy to gravely 

and are unconfined. Clay development in the troughs of the Pleistocene old dunes may 

induce some lateral groundwater flow at local confinement. Groundwater salinities are 

thought to be of good quality where percolation is unrestricted in the Holocene new 

dunes, and of poorer quality in the Pleistocene old dunes. Discharge occurs at 

topographic lows and at break-of-slope. In the list of critical attributes for this GFS, 

groundwater salinity is expected to occur within the range of 0.1 � 30 dS/m and salinity 

is described as �low-moderate� (Latinovic et al. 2002). 

For system number 3 - local to intermediate GFS in Quaternary sediments; aquifers are 

associated with the low lying and undulating terrain in the island�s north. The main 

difference between this GFS and the local flow systems in Quaternary sediments already 

described, is the age of the aquifer sediments. The older sediments associated with the 

local and intermediate GFS in Quaternary rocks have more advanced soil development 

(and particularly the development of clay). In the low relief terrain in the northern part of 

the island, the older soil will have low permeability and low hydraulic conductivity, and is 

associated with higher salinity levels. Salinity expresses at the surface at drainage lines and 

at break-of-slope (Latinovic et al. 2002). In the list of critical attributes for this GFS, 

groundwater salinity is expected to occur within the range of 0.03 � 30 dS/m and salinity 

is described as �low-moderate� (Latinovic et al. 2002). It should be noted that the lower 

conductivity range is very small, for example, 0.1 dS/m is significantly less than the lower 

conductivity requirement for tap water in most Australian cities. 
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Figure 21: The three major groundwater flow systems on King Island (Latinovic et al. 
2002). 
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For system number 12 - intermediate flow systems in low relief sedimentary rocks; 

aquifers are associated with the location of Proterozoic shale, siltstone and granitic 

geologies in the central and southern areas of the island. Fractured rock aquifers are 

described as unconfined, confined or semiconfined, and groundwater has low salinity 

where there is high hydraulic conductivity on thin weathered regolith. In areas of low 

relief regions where hydraulic gradients are low, poorer quality water may discharge at 

break-of-slope and along drainage lines. In the list of critical attributes for this GFS, 

groundwater salinity is expected to occur within the range of 0.1 � 8.3 dS/m and salinity 

is described as �low� (Latinovic et al. 2002). 

Ezzy (2003) used borehole slug tests to investigate hydrogeological properties in 

unconsolidated material in several areas of the island. Hydraulic conductivity of about 3 

m day-1 were observed in sandy textured aquifers on the dune systems (system number 2 

- local GFS in Quaternary sediments), decreasing to about 0.06 m day-1 on the Yellow 

Rock River floodplain (system number 3 - intermediate flow system in the Quaternary 

sediments). Ezzy (2003) recorded groundwater salinity that were significantly lower in the 

basin�s upper regions (0.7 � 2.1 dS/m) than toward the mouth of the basin (15.2 dS/m). 

Groundwater salinity was assessed at around 9 dS/m in system number 12 - the 

intermediate flow system on Proterozoic shale near Surprise Bay at the southern tip of 

the island. This value is slightly above the suggested range (0.1 � 8.3 dS/m) outlined in 

Latinovic et al. (2002) for this GFS. Aside from this, Ezzy�s observations provide some 

confirmation of the broad structural GFS characteristics outlined in Latinovic et al. 

(2002). 

In summary, Latinovic et al. (2002) provided descriptions of several critical attributes for 

each GFS on King Island. These include the expected groundwater salinity ranges in 

dS/m, and a description of expected salinity as high, moderate or low. Ezzy (2003) 

provided some groundwater data that confirmed the expected range in GFS system 

number 12 - intermediate flow systems in low relief sedimentary rocks. His data in GFS 

system number 3 - local to intermediate GFS in Quaternary sediments was well above 

the expected range for groundwater assessed in the Yellow Rock River basin. Latinovic et 

al’s critical attributes for each GFS will be further tested in this thesis. 
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3.5. Vegetation 

Deforestation is associated with hydrological change and secondary salinisation (Wood 

1924). Extensive clearing of the native vegetation and replacement with pasture took 

place across King Island during the early twentieth century (Wood, 1990). As such, there 

has been almost 100 years in which the hydrological balance may have shifted on the 

island.  

D'Costa et al. (1993) used pollen and mollusc records to reveal the pre-clearing vegetation 

of the island. They concluded that wet sclerophyll forests predominated on the higher 

plateau areas; dry eucalypt woodland (Eucalyptus viminalis dominant) with grassy 

understories and grassland, and non-Eucalypt heath woodland (Acacia, Banksia, Dillwynia, 

Leptospernum and Leucopogon) on the poorly drained sandy landforms; scrubland with 

bracken on the dunes; and herbaceous swamp communities (Melaleuca ericifolia and 

Leptospermum lanigerum) and swamp forests in the lowland swamp areas. 

The higher plateau wet sclerophyll forests have been replaced, in the main, by pasture. 

Remnants occur in the steep drainage gullies in the island�s south. Selection of land for 

grazing on the lower plains and drainage of the swampland, most notably of Egg Lagoon 

in the island�s north, has reduced the abundance of the herbaceous swamp communities. 

The extent of these vegetation communities that occur on the island that were mapped in 

2006 is shown in Figure 22. 

3.6. Previous salinity investigations and mapping 

Grice (1995) classed and mapped soil salinity across Tasmania at a scale of 1:500,000 

using a methodology based on an assessment of land systems. Land systems were 

developed following the classification of areas of land based on similar ecological 

characteristics, including rainfall, geology, soil type, altitude, aspect and vegetation type 

(Richley et al. 1978-79). The land systems approach assumes that land within a land 

system has uniform characteristics. 

Grice�s methodology involved questionnaires sent to Department of Agriculture staff 

that had experience working in regional Tasmania. The questionnaires gathered visual 

information on each land system. For land salinity, respondents were required to assess 

each land system according to selected criteria (Table 3). 
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Figure 22: Vegetation communities of King Island (Source: Tasmanian Vegetation 
Mapping Program, Department of Primary Industries and Water). 
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Table 3: Land system salinity classification criteria (Grice, 1995). 

Code Salinity assessment criteria 
A No obvious signs of salinity. 

B Pasture/crop production and health obviously depressed. 

Disappearance of salt-sensitive species � subclover and ryegrass. 

Tree vigour reduced. Bare spaces in pasture, but rarely larger than 1m2. 

Brackish or saline water in watercourses. Salt tolerant species present in pasture, crop or 
watercourses � Buckshorn plantain, Atriplex spp., sea barley grass, and Cotula spp. 

C Extensive areas of bare ground larger than 1m2. Trees dying or dead. 

Salt-tolerant species are the only species present. Salt crusts occur on bare areas. 

 

Where a respondent detected a land system containing visual evidence of salinity, salinity 

was extrapolated across the whole land unit. On a land system containing two classes of 

salinisation, the more severe class was applied to the entire system. Flowing from this 

methodology, land systems of similar class were combined, and a soil salinity hazard map 

was constructed (Figure 23). The majority of the agricultural land on King Island was 

classed as having no visual signs of salinity. Areas to the northeast of Currie and around 

Reekara in the island�s north central region were classed as �moderately-saline�. 

Comparison with the Stephens and Hosking (1932) soil map reveal these areas 

exclusively comprise the Nugara sandy-loam soil unit. 

The King Island community completed their own assessment using a similar land 

systems methodology to that used by Grice (King Island Natural Resource Management 

Committee 1998). They confirmed Grice�s salinity hazard and extended the hazard to 

incorporate Stephens and Hosking�s (1932) Lappa sand soil unit (Figure 24). 

The relevance of the island�s geophysical characteristics and the previous salinity 

mapping work undertaken on the island is outlined in the next section of this thesis. 
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Figure 23: Land systems containing areas of salinity on private freehold land (Grice, 
1995). 

 



   50

 

 

 

Figure 24: Land systems containing areas of salinity  (King Island Natural Resource 
Management Committee 1998) 
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Chapter 4. Detailed aims, materials and methods 
 

4.1. Thesis aims 

As discussed in the previous section, previous salinity mapping on the island has been 

restricted to assessments over broad land systems, which, in turn, have been assumed as 

geo-homogeneous. The main purpose of the thesis was to test this assertion by using EM 

techniques to directly assess the severity and spatial variability of soil salinity within and 

across land systems. As such, the study areas cover a significant proportion of the 

Nugara sandy-loam (Grice 1995) and the Lappa sand soil units (King Island Natural 

Resource Management Committee 1998). Related to this broad purpose, the specific 

aims of the thesis are outlined below. How each was achieved is listed in the dot points 

after each aim. 

1. To investigate the areal extent and magnitude of soil salinity within and 

between the King Island land systems. 

• EM survey. 

• Soil and groundwater sampling and salinity measurement. 

• Regression analysis and geostatistics (kriging). 

2. To analyse the occurrence of soil salinity and isolate the soil, geological, climatic 

and geomorphic determinants of its occurrence at the macro-scale across the 

island. 

• Analysis of salinity map with historical records (soil, geology and climate). 

• Terrain modelling. 

3. To isolate the theoretical possibilities causing salinisation within the island�s 

soils at the micro-scale. 

• Comparison of soil salinity profiles at increasing depth with other 

documented occurrences in the literature. 

4. To synthesise the results in order to comment on how salinity has been 

managed in the past and how the island�s residents may effectively manage 

salinity in the future. 

• Compare, analyse and review the results with the past, current and future 

management of the island�s natural resources. 
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Further details of the materials and methods used to achieve these aims are outlined in 

the following sections. 

4.2. EM Survey 

EM surveying was conducted using the EM31 in the vertical dipole mode (EM31v), 

between October 2004 and February 2005, to capture ECa (Figure 25). It was mounted 

on an all-terrain vehicle (ATV) at a height of 90 cm above the ground surface. Used in 

this way, ECa data were captured in the top 350 cm of the soil. These data were 

referenced to the locations in the landscape at which they were captured using a 

Trimble® differential GPS and data recorder. Transects of the survey area were spaced 

approximately 100 m apart and data points recorded along each transect every 2 seconds 

travelling at a speed of between 10 and 20 km hr-1. Closer transect spacing were used 

where adverse paddock conditions or obstacles existed. 

 

Figure 25: The EM31v mounted on an ATV. 

The EM31 can be used in two dipolar modes of operation: vertical and horizontal. With 

the EM31 in the vertical dipolar model of operation, as was used in this thesis, the ratio 

of the secondary to primary magnetic field is in linear proportion to the soil�s apparent 

conductivity (Figure 26). McNeill (1980a) stated that where true ground conductivity is 

greater in magnitude than about 80 mS/m the linear relationship (Equation 1, Section 



   53

2.3.2) no longer holds true, and the relationship becomes non-linear (Figure 26). This has 

particular implications in salinity surveys where ground conductivity at the higher range is 

the most important. 
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Figure 26: The linearity of the EM31 response. The solid line represents the non-linear 
characteristics of the EM31 on soil of high ground conductivity (note the logarithmic 

scale). The dashed line represents corrected conductivity (adapted from McNeill 1980a). 

The EM31 displays another non-linear response in the relative contribution of the 

secondary magnetic field at different depths in the soil profile (Figure 27). Called skin 

depth attenuation, the EM31 receives varying proportions of secondary magnetic signal 

at different depths, such that with the machine placed on the ground in the vertical 

dipolar mode of operation, the EM31v receives very little secondary magnetic field 

response at the surface, rising to a maximum at about 150 cm depth and decreasing to 

beyond 6 m depth (McNeill 1980a). The practical implications are that the readout on the 

machine is an average of the non-linear response. It is not possible to determine if a high 

readout comes from close to the surface, e.g. at 1 m depth, or from a greater depth but 

with e.g. four times the conductivity. 

Both non-linear responses are important where the EM31 is used at a distance above the 

ground, as is the case in this study. A correction algorithm was applied to the EM31 

readout to account for these non-linear characteristics, to correct the raw ECa data as if it 

were assessed at ground level (Reid. and Howlett 2001). 
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The corrected ECa data was processed using the computer package VESPER (Whelan et 

al. 2001). Spatial interpolation was completed using block kriging with a local exponential 

variogram model using a search neighbourhood of 100 m (refer to the next section for a 

description of VESPER aided kriging). The kriged ECa surface was divided into 30 equal 

conductivity classes from which the locations of the soil sample sites were visually 

selected to represent the full range of ECa assessed across the island. Actual soil salinity 

was determined at 61 soil sample drill sites. The sites were located and spot EM31 data 

were recorded. 
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Figure 27: The relative response of the secondary conductivity signal from the EM31 
(adapted from McNeill 1980a). 

Soil sampling was completed using a rotary action drill (Figure 28). Soil samples were 

collected at just below the soil surface and at every 50 cm depth increment to 350 cm 

depth, or until auger refusal occurred. Where the water table was intercepted, water 

samples were assessed for conductivity using a handheld WTW conductivity meter in the 

field, and classified according to the classes outlined by Hart (1974, Table 4). 

The captured soil samples were weighed, air-dried and analysed for: 

1. percent moisture content, by subtraction of wet and dry soil weights; 

2. field texture, by physical manipulation of a moist bolus (McDonald et al. 1990); and,  
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3. salinity, by recording the electrical conductivity of one part soil mixed with 5 parts 

deionised water (EC1:5, McDonald et al. 1990) and correcting for soil texture (Taylor 

1993).   

These methods yielded an estimate of ECe and a salinity class description was then 

applied to each estimate (Table 5). The relationship between the ECa data measured 

using the EM31v meter and the arithmetic mean of the ECe data obtained at each bore 

hole location was determined using ordinary least squares (OLS) linear regression. The 

OLS model was then used to predict ECe from the interpolated (i.e. kriged) ECa data. 

The kriging method is described in the next Section. 

 

 

Figure 28: The rotary action drill used for soil sampling. 
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Table 4: Groundwater salinity classes (Hart 1974). 

Class Description Conductivity Range

1. Low Low salinity water with little chance of salinity problems, some 
leaching needed on low-permeability soils 

0 - 0.28 dS/m 

2. Medium Medium salinity water. Plants with medium salt tolerance may 
be grown. Sprinkler irrigation may cause leaf-burn in sensitive 
crops. 

0.29 - 0.8 dS/m 

3. High High salinity water; cannot be used on soils with restricted 
drainage. Salt-tolerant crops need to be considered. 

0.9 - 2.3 dS/m 

4. Very High Very high salinity water, not generally suitable for irrigation. 
Salt-tolerant crops selected. 

2.4 - 5.5 dS/m 

5. Extreme Extremely high salinity water may be used only on permeable, 
well-drained soils under good management. 

> 5.5 dS/m 

Table 5: Classes of soil salinity assigned to ECe predictions (Taylor, 1993). 

ECe prediction class Salinity Class 
Description 

<  2 dS/m Non-saline 
2 � 4 dS/m Slightly-saline 
4 � 8 dS/m Moderately-saline 
8 � 16 dS/m Very-saline 
> 16 dS/m Extremely-saline 

 

4.2.1. Kriging ECa 

As outlined in the introduction, kriging has been used widely as a statistical tool for 

salinity mapping. Kriging was used in this thesis to produce an ECa surface over the area 

surveyed by the EM31 in order to determine where to collect soil samples to compare 

actual salinity (ECe) with ECa.  

An initial component of kriging is the application of a variogram. A variogram is a spatial 

statistical method of measuring how quickly spatial data changes over a distance. It 

defines the weight of influence that an area of directly assessed data will have on an area 

that was not directly assessed, based on the spatial direction and distance apart of 

individual, directly assessed datum. 

A variogram is constructed around the spatial similarity inherent between the directly 

assessed data, and such analysis yields a variogram that is unique to the directly assessed 

data in question. Golden Software (1999) present the essential components of an 

experimental variogram (Figure 29), where:  
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• lag distance is the distance between measured pairs of directly assessed data;  

• nugget effect quantifies the spatial variation occurring at a distance closer than 

the sample spacing of the directly assessed data;  

• range is the horizontal range of the variogram; 

• sill is the vertical scale of the variogram; and,  

• model curve is the shape of the variogram model. 
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Figure 29: An example of a variogram model with some of the variogram parameters 
shown (adapted from Golden Software 1999). 

By applying certain well-proven statistical assumptions through a specifically designed 

computer package the five variogram components listed above can be pre-programmed 

to a set of spatial data (Isaaks and Sirvastava 1989; Haas 1990; Whelan et al. 2001). This 

was done using the computer package VESPER (Variogram Estimation and Spatial 

Prediction with Error), which was developed by the Australian Centre for Precision 

Agriculture at the University of Sydney specifically for this purpose (Minasny et al. 2005). 

VESPER is able to automatically fit a value to an unknown area (the estimation point) by 

assessing the known values around it in the search neighbourhood (Figure 30). Defining 

the variogram search neighbourhood precludes interpolation of unrelated data points 

over large areas. 
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Block kriging (whereby unknown values are computed from an average of the 

surrounding, directly assessed, data) was undertaken in this study with an estimation 

point on a 20 m moving grid by applying a local exponential variogram with a search 

neighbourhood of 100 m (B. Whelan, University of Sydney. verb. comm. 2005). 

 

 

Figure 30: VESPER fits a variogram model to the collected data within the search 
neighbourhood to predict a value for an estimation point (Minasny et al. 2005) 

4.2.2. Terrain modelling 

Rates of water flow and water accumulation influence soil salinity (Section 2.1). During 

the collection of ECa data from the all-terrain-vehicle, height of the landscape above sea 

level (ASL) was also collected, and this allowed for the construction of Digital Elevation 

Models (DEMs). The profile curvature function in the Surfer platform enabled for an 

assessment of the degree of concavity or convexity of the land surface in the direction of 

steepest slope angle (Golden Software 1999). Negative values calculated within Surfer 

denoted a convex curvature, and positive values denoted a concave curvature. The 

magnitude of the value indicated the degree of curvature, with higher values indicating a 

more curved surface. These values were kriged and enabled a profile curvature map to be 

produced, allowing for a comparison of surface geometry with the occurrence of land 
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salinity. A similar methodology was employed by Florinsky et al. (2000) to determine the 

association between land salinisation and the shape of the Canadian landscape. 

Detailed interpretations of terrain modelling with respect to salinity prediction appear in 

Sections 5.2.1, 5.4 and 6.5. 
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Chapter 5. Results 
 

5.1. Climatic Observations 

Daily trends in rainfall and evaporation over the five-month study period, a duration set 

by the funding constraints of the study, of are shown in Figure 31. Evaporation exceeded 

rainfall in every month, thus, there would have been little net groundwater recharge for 

the period.  

The lack of rainfall over the study period reflects the dry conditions preceding the study, 

which is representative of long-term averages shown in Figure 11. As soil moisture 

influences readout from an EM meter (section 2.3), there is the possibility that the dry 

conditions limited the use of the EM31v in this study. This possibility is discussed further 

in section 6.1.  
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Figure 31: Monthly rainfall at Currie post office during the study period and predicted 
average Pan A evaporation from the Bureau of Meteorology (B.O.M. 2008). 

5.2. EM survey 

A total of 197,819 ECa data points were captured and kriged, yielding 510,127 

interpolated ECa data points over 15,420 ha of the island. Using the nearest neighbour 
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function in Surfer (Golden Software 1999), a spatial projection of the interpolated ECa 

data was produced (Map 1). Using Map 1, sixty-one soil sample drill sites were identified 

visually and located in the field. During drilling and soil sample capture, groundwater was 

intercepted at 37 of the sites. The geographic coordinates for each drill site, depth to rock 

and groundwater and salinity of the water is presented in Appendix A. Figure 32 shows a 

frequency histogram of the groundwater samples by salinity class (Hart 1974).  
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Figure 32: The number of groundwater samples assessed on King Island and their 
salinity class (Hart 1974). 

A total of 447 captured soil samples from the soil sample drill sites were analysed for 

salinity (ECe). The soil texture and salinity analysis for these samples appear in Appendix 

B. Appendix C shows depth trends in ECe at the soil sample drill sites to a maximum 

depth of 350 cm, or until auger refusal. Each depth trend in soil salinity is shown on the 

map pertinent to each location, and will be discussed later in the results section. 

The relationship between the arithmetic mean ECe for each of the soil sample drill sites 

and the corrected apparent conductivity data is presented in Figure 33. OLS model fit 

statistics appear in Appendix D. The statistics show the strong relationship between 

these two variables (R2 = 0.76, p=0.0001). The OLS regression equation was applied to 

each of the 510,127 kriged ECa datum, which were then stratified into a salinity class 

(Taylor 1993, refer to Table 5, Section 4.2). 

Of the 15,420 ha surveyed, 13 % is classed extremely-saline, 26.2 % very-saline, 30.7 % 

moderately-saline, 24.6 % slightly-saline, and 5.5 % non-saline (Map 2). Map 2 also 

shows that there are five areas that contain soils classed as very- and extremely-saline. 

They are �Lake Flannigan�, �Egg Lagoon�, �Yellow Rock�, �Currie� and �South Road� areas.  
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Map 1. King Island soil apparent conductivity, 0 - 350 cm depth June 2005 
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Figure 33: Relationship between average ECe at the numbered soil sample drill sites and 
ECa, on King Island assessed by the EM31 

 

5.2.1. Terrain Modelling 

An ordinary least squares regression was used to compare terrain profile curvature with 

the areal pattern of soil salinity (ECe) on the four major geological units surveyed - 

Quaternary sediments, Proterozoic siltstone, shale and granite. The dependent variable 

was ECe the independent variable terrain profile curvature and the model is given by: 

 Y = β0 + β1x. 

Across the entire Island, at a pixel scale of 160 m, in no case was the model significant 

(p-value < 0.05) on any geological unit indicating that terrain profile curvature is not a 

significant predictor of ECe at this scale of observation (Appendix E).  

The same regression analysis was undertaken at each of the five areas that contain soil 

salinity classed as very- and extremely-saline, �Lake Flannigan�, �Egg Lagoon�, �Yellow 

Rock�, �Currie� and �South Road.� The pixel size was 80 m. The model was significant (F-

value = 527, p-value = <0.001) only on data occurring on Proterozoic shale at the 

�Yellow Rock� site with an adjusted R2 of 0.54 and the terrain profile curvature parameter 

(β1) was negative in value and highly significant (p-value = <0.001). This indicates that 

areas of higher ECe are associated with areas of lower terrain profile curvature. Model 

residuals were normally distributed (Appendix F). 
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Map 2. King Island predicted average soil salinity between 0 - 350 cm  depth on 
15,420 hectares 
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I attribute this finding to the influence of the two different scales of observation, local 

geology and the different terrain attributes at each site whereby a larger variation in 

terrain was attributable to the Yellow Rock site compared with flatter terrain at the other 

sites. Further analysis of this result is given in sections 5.5 and 6.5. 

Data for each of the five areas containing very- and extremely-saline classed soil were 

extracted from the universal dataset and projections of the predicted salinity classes for 

each area were derived. These are presented as Maps 3 through to 7. The results of each 

area are considered in the remainder of this section. 

5.3. Lake Flannigan 

Map 3 presents the predicted salinity classes for an area to the east of Lake Flannigan. 

The lithologies traversed include undifferentiated Quaternary sediments, Proterozoic 

granite and Pleistocene sand dunes. Soil types comprise Yambacoona, Taroona and 

Naracoopa sands, Swamp soil and Camp Creek sandy-loam. GFS are classed as both 

local and/or intermediate (see Map 3). 

The salinisation pattern shows a clear increase in soil salinity from the south, which is 

classed non- and slightly-saline, through to the north, which is classed as extremely-

saline. The non-and slightly-saline storage is associated with the Pleistocene sand dunes/ 

Yambacoona sand that occur at the topographic high, comprising a local GFS. At the 

base of the dunes, moderately-saline soil is associated with a small area of Proterozoic 

granite and undifferentiated Quaternary sediments/Taroona sand and swamp soil (Map 

3). These occur at the topographic low point, and comprise intermediate GFS. The 

extremely-saline soil in the north of the site is derived largely from undifferentiated 

Quaternary sediments/Taroona and the northern part of the Swamp soils. 

Topographically, the extremely-saline soil occurs at the northern edge of the flat area of 

drained wetland (called Reedy Lake on the Stephens and Hosking (1932) soil map) and 

extends to the top of the south-facing slope.   
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Map 3. Lake Flannigan - Predicted average soil salinity at 0 - 350 cm depth June 
2005 
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The salinity classes draped over the DEM (in Map 3 and Figure 34 below), further 

reveals that terrain morphology is a poor predictor for the location of salt in the top 350 

cm of soil, suggesting the pattern of salinity occurrence is more closely associated to the 

underlying lithologies and soils with pan and clay loam subsoil. Profile curvature terrain 

modelling was undertaken but failed to show a relationship between landscape 

morphology and salinity class and is not presented here. 
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Figure 34: Soil salinity classes and contours at the Lake Flannigan site. 

Analysis of the soil salinity profiles for soil drill holes 9, 10, 11 and 60 (refer to Appendix 

B for values) further reveals the magnitude of soil salinity on the south-facing slope. 

Extremely-saline levels were measured at each depth increment (from 0 to 350 cm 

depth), with a maximum of 27.45 dS/m at 150 cm depth at sample hole 60. Conductivity 

of 19.62 dS/m was recorded at 250 cm depth at sample hole 11. Very-saline soil of 9.66 
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dS/m and 13.63 dS/m were recorded at 100 cm and 300 cm depths at sample holes 10 

and 9, respectively.  

Groundwater was intercepted at two of the four sample holes. Conductivity of 36.4 

dS/m was measured at 350 cm depth at sample hole 9, and 38.2 dS/m at 250 cm depth 

at sample hole 60. These are of a magnitude well above the lower limit for classification 

as extremely-saline for agricultural use (Table 4, Hart 1974).  

Visual observations in the field recorded a Proterozoic granite outcrop close to the 

shoreline of Lake Flannigan (Figure 35). On the geology map (the relevant section is 

reproduced in Map 3) this area is mapped as undifferentiated Quaternary sediments, and 

is a mapping error.  

A comparison of the salinity pattern with the geology map at Lake Flannigan (Map 3) 

reveals that the likely boundary between the granite and the undifferentiated Quaternary 

sediments is along a south west to north east striking line, shown as a change in salinity 

from very-saline to moderately-saline. The shape of the Lake Flannigan shoreline, 

particularly the location of its most eastern bay, further suggests the location of this 

boundary.  

 

Figure 35: Proterozoic granite outcrops on the eastern shoreline of Lake Flannigan. 
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5.4. Egg Lagoon 

The predicted salinity classes for an area both to the north and south of Egg Lagoon is 

presented in Map 4. The lithologies traversed include undifferentiated Quaternary 

sediments and Proterozoic granite. A small area of Pleistocene sand dune may have been 

traversed at the northern edge of the site, but, because of its small area, it is difficult to 

know for certain if this soil type was traversed. The soil types surveyed at the site 

comprise Taroona, Naracoopa and Lappa sands and Swamp soils. A small area of 

remnant Pegarah fine sandy-loam occurs at the topographic high at the eastern perimeter 

of the site (Map 4). GFS are classed as local and/or intermediate in the south, 

intermediate over the drained wetland area, and local in the north (Map 4). 

Extremely-saline soil exists on the undifferentiated Quaternary sediment/Taroona sand 

in the western half of the survey site to the south of Mansons Road extending 

throughout the Egg Lagoon area and onto the Swamp soils. The eastern half of the 

survey site to the south of Mansons Road has reduced salinity classed as slightly- and 

moderately-saline. This area denotes the change in soil type to Lappa sands and some 

remnant Pegarah fine sandy-loam soil. These areas are classed as local and/or 

intermediate GFS. 

North of Haines Road the topography rises above Egg Lagoon and the geology changes 

to Proterozoic granite, associated with Taroona and Naracoopa sands. Salinity is classed 

as slightly and moderately-saline. GFS are classed as intermediate close to Egg Lagoon 

and local toward the northern perimeter of the site. Toward the very northwest perimeter 

of the surveyed area, the landscape aspect changes from being south facing to north 

facing and is associated with a small area of extremely-saline soil. While the geology and 

soil maps show these areas comprise Proterozoic granite and Taroona sand, the coarse 

scale and complexity of the geology and soil types in this area make the exact location of 

the boundaries uncertain.  

The salinity classes draped over the DEM (Map 4 and Figure 36) reveal a strong 

association between topography and the salinity pattern to the north of Egg Lagoon. In 

the north, the slightly- and non-saline soil is associated with the highest topographic 

position, above about 28 m ASL. Salinity increases in a regular fashion from slightly-, 

moderately-, very- to extremely-saline as height decreases toward the base of the slope at 

Egg Lagoon, below about 25 m ASL. A similar pattern is evident to the south of Egg 

Lagoon where salinity is lowest on the western facing slope between 25 and 30 m  
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Map 4. Egg Lagoon - Predicted average soil salinity at 0 - 350 cm depth June 2005 
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ASL. However, some areas of very- and extremely-saline soil occur at the higher 

topographic positions above 30 m ASL, in localised depressions on the Pegarah fine 

sandy-loam and Lappa sand soil units.  

Profile curvature terrain modelling was undertaken at the site but failed to show a 

definite relationship between landscape morphology and salinity class, and is not 

presented. While it appears from Figure 36 that there is a relationship between height 

above sea level and the salinity classes (particularly in the area to the north of Haines 

Road), the terrain modelling function in the Surfer platform is too coarse delineate any 

connection. 

At the very southern perimeter of the survey site, below about 24 m ASL, the difference 

between salinity in the Taroona and Lappa sand soil units is clearly evident, with 

extremely-saline soil occurring in the former and slightly-saline soil predominate in the 

latter.  

Analysis of the soil salinity profiles for soil sample holes 30, 31, 20, 21 and 22 (refer to 

Appendix B for the ECe values) reveals the magnitude of soil salinity at the base of the 

slope, below 25 m ASL on the swamp and Taroona soils of Egg Lagoon. Sample hole 31 

recorded a maximum salinity of 11.22 dS/m at 300 cm depth, and sample hole 20 

recorded a maximum of 19.1 dS/m at 150 cm depth. Holes 21 and 22 recorded maxima 

of 14.18 and 29.96 dS/m at 200 cm depth and at the soil surface, respectively. The 

maximum value recorded at sample hole 30 was only 6.37 dS/m, which is classed 

moderately-saline yet, the area around sample hole 30 is classed as very-saline (Map 4). 

By referring to the regression relationship between average ECe and ECa (Figure 33), 

sample hole 30 is positioned below the regression line, thus the regression equation has 

overestimated average ECe at this particular soil sample site, placing it in the very-saline 

soil class. 

North of Haines Road, soil hole 42 recorded a maximum soil salinity of only 1.88 dS/m 

at 250 cm depth. This area occurs on the Proterozoic granite/Taroona sand association, 

and the area is classed as only slightly-saline. In the northwest corner of the site, sample 

hole 19 was drilled in the area of soil classed as extremely-saline, and soil salinity of 48.86 

dS/m was recorded at the soil surface, the highest value recorded on the island.  

All of the seven soil sample holes that were drilled reached the maximum sample depth 

of 350 cm, and each intercepted groundwater at between 140 cm and 320 cm depth. 

Following the salinity classification levels outlined by Hart (1974, Table 4), groundwater 
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is classed as extremely-saline at the base of the landscape on the Swamp soil and Taroona 

sand to the south of Mansons Road. In the north, groundwater is classed as very highly 

saline at sample hole 19 and low at hole 42. 
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Figure 36: Soil salinity classes and contours at Egg Lagoon. 

In the northern half of the survey site, the shape of the soil salinity profile at hole 19, 

with salinity levels sharply increasing between 100 cm depth and the soil surface strongly 

suggesting salts are concentrated at the soil surface either by capillarity from the 

groundwater or a restriction to topsoil percolation in the clayey B horizon or by hard 

pans. Salinity close to the soil surface is compounded through evaporative concentration. 

Given that groundwater salinity at nearby hole 42 is classed as low, it is likely each site 

has different sources of groundwater and/or different geomorphic settings that account 

for the different salinity levels at each location.  
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In the southern half of the survey site, groundwater was intercepted at 240 cm depth and 

recorded a conductivity of 12.6 ds/m at sample hole 21. At sample hole 22, groundwater 

was at 150 cm depth and recorded a conductivity of 10.3 dS/m. At sample hole 20, 

groundwater was at 210 cm depth and recorded a conductivity of 5.6 dS/m. All are 

classed extremely-saline. The salt concentration evident at the surface at hole 22, and the 

bulge in salt concentration at holes 20 and 21, suggest near surface salinisation by 

groundwater capillarity. This is less evident at hole 31. A further discussion of the salinity 

models at this site is given in Section 6.3.2. 

Visual observations in the field showed that, although there remain a significant number 

of well-vegetated regions to the south of Mansons Road (refer to the aerial photograph 

in Map 4), there were many surface indicators of salinity in the area, including sea barley 

grass (Hordeum marinum) and bucks horn plantain (Platago corunopus). Also, the larger 

Eucalyptus species were under stress, were dying, or had recently died. It might be that 

increased soil salinisation by rising groundwater (Bettenay et al. 1964) is affecting these 

deep-rooted species more so than the other shallow-rooted species in the area. 

Conversely, if the findings of Northey et al. (2006) are applied to these observations, then 

a decrease in seasonal groundwater recharge may be increasing the salt concentration in 

the water table. Further analysis of these two options is outlined in Section 6.3. 

5.5. Yellow Rock 

Map 5 (and 5a) present predicted salinity classes for an area that encompasses a 

significant proportion of the Yellow Rock River, Bungaree Creek and Pass River 

catchments. The area surveyed totalled approximately 8,100 ha. By referring to the 

geology, GFS and soil unit maps it can be seen that the area traverses three major 

geological units (Map 5): 

1. The undifferentiated Quaternary sediments that occur in the Yellow Rock River 

basin, and comprise the Nugara sandy-loam, Lappa and Taroona sands, and small 

areas of Camp Creek sandy-loam and swamp soils.  

2. Proterozoic shale that occurs to the south of the Yellow Rock floodplain. This 

unit forms the Yellow Rock River�s southern watershed boundary with the 

Bungaree Creek and Pass River catchments, and comprise Nugara sandy-loam, 

Lappa and Naracoopa sand, and remnant Pegarah fine sandy-loam soil units. 
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Map 5. Yellow Rock - Predicted average soil salinity at 0 - 350 cm depth June 2005 
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Map 5a. Yellow Rock – Soil and groundwater salinity and depth (cm) 
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3. Proterozoic granite that occurs in the middle regions of the Bungaree Creek and 

Pass River catchments. In Bungaree Creek the soil units comprise Swamps soil, 

Yambacoona sand and Nugara sandy-loam. In the Pass River catchment the soil 

unit is comprised entirely of Taroona sand. 

The two GFS that occur are intermediate to the south of the Yellow Rock River 

floodplain, and local and/or intermediate on the plain. 

The pattern of salinity classes in Map 5 shows that very- and extremely-saline soil occurs 

in all the soil units. The soil unit boundaries correlate poorly with the salinity class map. 

A discerning feature is the north to south striking, crescent-shaped feature of 

approximately 4 km long that occurs at the centre of the Yellow Rock floodplain, roughly 

following the direction of Manana Road (Map 5). This feature is classed as slightly-saline 

and occurs in the area of changing soil type from Nugara sandy-loam in the west, to 

Taroona sand in the east, with the small patch of Lappa sand separating the two. Two 

possible explanations for this feature are 1) it may constitute an old river deposit that is 

more permeable than the surrounding soil and so salt is flushed from the feature, and 2) 

given the feature�s crescent shape, it may be a remnant Pleistocene old dune system, 

which Stephens and Hosking (1932) noted occur inland toward the island�s northern 

region. To determine the origin of the feature would require additional investigations. 

In the Bungaree Creek area, which is underlain by Proterozoic granite, the variability in 

salinity pattern broadly matches the locations of the three soil units that occur there. The 

slightly-saline soil occurs on Yambacoona sand, and very- and extremely-saline soil on 

the swamps soil and Nugara sandy-loam. In the Pass River catchment, which is also 

underlain by Proterozoic granite, the Taroona sand is predominantly classed as 

extremely-saline, with decreasing salnity toward the very southern perimeter of the survey 

site. 

The boundary between the Proterozoic granite and shale units delineates the catchment 

boundaries between the Bungaree and Pass River catchments and the Yellow Rock River 

catchment. To the east of the boundary, the areas underlain by Proterozoic shale exhibit 

a spatially complex pattern of salinity classes that reflect the areas topographic variability 

(Map 5). In this area, Naracoopa sand occurs in the northwest, abutting an area of 

remnant Pegarah fine sandy-loam. To the south, an east to west striking band of Nugara 

sandy-loam separates the Pegarah soil unit to the north and Lappa sand to the east and 

south (Map 5). 
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The DEM draped over the salinity classes are shown in Map 5 and again in Figure 37. 

Figure 37 portrays the DEM from a birds-eye perspective with every 1 m contour 

interval marked, under which the soil salinity classes are also shown. The Yellow Rock 

floodplain occurs below about 20 m ASL (highlighted in black) and soil salinity is 

generally classed as high and extreme. The 50 m ASL contour, highlighted in pink, 

represents the watershed between the Yellow Rock and Bungaree Creek catchments. The 

Nugara sandy-loam that occurs above the 50 m contour has consistently lower levels of 

stored salt. East of the catchment divide a more complex salinisation pattern is evident. 

A sub-section of this area, which equates to approximately 1,700 ha, was extracted and 

further analysed using the terrain modelling method outlined in Section 4.2.2 (the area 

extracted is shown in Map 5 and in Figure 37).  
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Figure 37: Contour map showing the change in topography at 1 m intervals draped over 
the salinity classes. 
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The terrain modelling is shown as the upper image in Figure 38, and the associated 

salinity classes are presented as the lower image. The straight pink line shows the location 

of the change in terrain from the Yellow Rock floodplain on Quaternary sediments with 

the southern plateau country occurring on Proterozoic shale. To the north east of this 

boundary line, in the area denoted by ellipse A, the terrain modelling has failed to predict 

the north to south-striking, crescent-shaped feature that further suggests that, at the scale 

of this investigation, this feature is unrelated to landscape morphology. 

To the south of the line the area is underlain entirely by Proterozoic shale, upon which 

Pegarah fine sandy-loam and Nugara sandy-loam occur. The terrain modelling shows 

that concave areas are closely associated with highly- and extremely-saline soil. For 

example, soil that occurs within the pink coloured ellipse B (on Pegarah fine sandy-loam) 

occurs at the base of a slope to its west. The terrain model has predicted decelerated 

water flow in areas that match the occurrence of extremely-saline soil. This pattern is 

repeated across the survey area on both the Pegarah fine sandy-loam and the Nugara 

sandy-loam soil units. Thus, salinity severity in the top 350 cm of soil can be predicted 

from the morphology of the surrounding landscape that occurs on Proterozoic shale. 

Additional terrain modelling for salinisation prediction across the entire island is shown 

in Section 6.5 of the discussion. 

Map 5a (and Appendices B and C) reveal the magnitude of salinity in the soil at the 

Yellow Rock site. On the Nugara sandy-loam at the Yellow Rock floodplain, soil was 

assessed on a 3 km transect at the bottom of the catchment, on both sides of North 

Road in a west to east direction. From west to east, the sample holes are 3, 4, 5, 57, 6, 58, 

53, 7, 8, 13 and 14, and soil salinity was classed as very- and/or extremely-saline at some 

part of the soil profile at all of these sites. On the Taroona sands at the top of the 

catchment�s floodplain sample holes 12, 23, 27, 33 and 32 were drilled in a 4 km transect 

from north to south, and each contained very- and/or extremely-saline soil in the soil 

profile. In the middle of the catchment, sample holes 35, 34 and 24 were drilled. Holes 

35 and 24 contained extremely-saline soil in the profile, whereas at sample hole 24 only 

moderately-saline soil occurred. 

On the southern boundary of the Quaternary sediments, five soil sample cores were 

drilled: sample holes 25, 56, 36, 35 and 34. Sample holes 56, 36 and 35 all contain 

extremely-saline soil in the soil profile. Sample hole 34 contains moderately-saline soil, 

and sample hole 25 contains non-saline soil, however, it occurs in an area classed very- 
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Figure 38: Terrain modelling from DEMs is a good predictor of the broad scale salinity 
pattern associated with soil derived from Proterozoic shale but is a poor predictor of 

salinity on the undifferentiated Quaternary sediments. 

saline (Map 5). By referring to the regression relationship between average ECe and ECa 

(Figure 33), sample hole 25 is positioned below the regression line, thus the regression 

equation has overestimated average ECe at this particular soil sample site. 

Further south, sample hole 43 was drilled on Pegarah fine sandy-loam. It contained very-

saline soil in the soil profile. In the Bungaree Creek catchment sample holes 37 and 26 
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were drilled in Proterozoic granite/Nugara sandy-loam. Each contains extremely-saline 

soil in the soil profile. In the Pass River catchment, sample holes 54 and 28 were drilled 

in Proterozoic granite/Taroona sand and each contains very-saline soil in the soil profile. 

Of the 27 soil sample cores drilled at the Yellow Rock survey site, 12 intercepted 

groundwater. Groundwater was intercepted throughout the entire basin, on the 

Proterozoic shale and granite lithologies. The variability of intercepted groundwater at 

the bottom of the basin suggests a strongly heterogeneous nature of the aquifers 

contained within the Quaternary sediment. This may suggest a complex pattern of 

sediment deposition from a prior braided stream. 

At the bottom of the Yellow Rock basin groundwater was intercepted at 150 - 300 cm 

depth at six of the eleven sample holes comprising a west to east transect of 3 km in 

length (Figure 39). Groundwater salinity is classed as extremely-saline for agricultural 

purposes at each site. Salinity decreases in concentration from 20.5 dS/m at sample hole 

3 (toward the west), to just over 6 dS/m at sample hole 13 (toward the east) a distance of 

2,700 m up the catchment.  

2,700 m

Groundwater EC (dS/m)

Groundwater depth (cm)

 

Figure 39: Depth and salinity of groundwater along a 2.7 km transect located toward the 
bottom of the Yellow Rock catchment. 



   81

At the top of the basin (approximately 5 km east of the area just discussed), groundwater 

was intercepted at sample holes 24 and 32 at 180 and 190 cm depth. Salinity was 13.3 

dS/m (extremely-saline) and 4.5 dS/m (very highly-saline), respectively. In the middle 

section of the basin, groundwater was intercepted at sample holes 24 and 35 at 180 and 

200 cm depth, respectively. Each is classed extremely-saline with hole 24 recording 13.3 

dS/m and hole 35 29.4 dS/m. 

On the Pegarah fine sandy-loam soil toward the Bungaree catchment groundwater was 

intercepted at 200 cm depth at sample hole 43.  Salinity was 8.2 dS/m, which is classed 

extremely-saline. Within the Bungaree catchment groundwater was intercepted at both 

holes 37 and 26 at 210 and 280 cm depth. Each is classed extremely-saline at 15.2 and 

30.0 dS/m, respectively. Groundwater was not intercepted in the Pass River catchment. 

The soil salinity profile for sample holes 3 and 4 suggests groundwater capillarity is 

concentrating salts at the soil surface. Due to the heterogeneous nature of the aquifer in 

the area, the salinity profiles of the nearby sample holes 5 and 57 are less conducive to 

surface salinisation by groundwater capillarity. 

To the east of North Road seven soil sample holes were drilled within 1 km of each 

other. The salinity profiles reveal that each exhibits a bulging trend in shape at around 

100 cm to 200 cm depth. Figure 40 shows the depth to groundwater trends for eight 

pieziometers in this area. These data were collected at monthly intervals over the 

previous three-years for another project on the island (K. Baker, KINRM, verb. comm.). 

Figure 40 clearly shows that groundwater typically rises about 150 cm during the wetter 

months of the year.  

Of the seven soil sample holes drilled in this area, sample holes 7, 58 and 13 encountered 

groundwater. Sample hole 7 exhibited extremely-saline groundwater at 240 cm depth and 

has a maximum soil salinity of 10.72 dS/m at 100 cm depth. Groundwater level is likely 

to rise to about this depth (to 90 cm) during the wetter months. At sample hole 13, 

extremely-saline groundwater was intercepted at 170 cm depth and the salinity profile 

shows soil salinity of 11.16 dS/m at 50 cm depth. Groundwater is likely to rise to about 

this depth (to 20 cm) during the wetter months. At soil sample hole 58, very highly-saline 

groundwater was intercepted at 180 cm depth and the salinity profile shows very high 

values of around 13 and 15 dS/m at 50 cm and 100 cm depth. Groundwater level is likely 

to rise to about this depth (to 30 cm) during the wetter months. 
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Figure 40: Depth to groundwater trends in the lower Yellow Rock catchment (King 
Island Natural Resource Management Committee 2005). 

Toward the top of the Yellow Rock basin an obvious salinity bulge was exhibited at holes 

12, 27 and 33 suggesting salt concentration by capillarity or the flushing of salt from the 

topsoil to this depth. Groundwater was not intercepted at these holes. It might be that 

the groundwater was below these depths at the time of drilling (February, 2005). Wet soil 

was encountered at hole 12, however hole collapse prevented an assessment of its 

salinity. Groundwater was intercepted in the upper basin at holes 32 and 23. At sample 

hole 32, groundwater was intercepted at 190 cm depth, yet there is little evidence from 

the salinity profile that capillarity is depositing salt above this depth. The relatively low 

salinity levels of the groundwater at this site (4.5 dS/m) may be preventing a build up of 

excessive EC above the groundwater level and/or that the sandy nature of the topsoil 

layers allows for greater leaching of salt from the soil. 

At sample hole 23, where groundwater was not intercepted, a considerable concentration 

of soil salinity (36.21 dS/m) was assessed at 350 cm depth. Soil salinity was significant at 

200 cm depth, which may constitute the top of the capillary fringe if a water table were 

present at just below the drill sample depth (350 cm). 

Further south, four soil sample sites were located on granite-derived soil. Two of these 

occurred in each of the Bungaree and Pass River catchments. In the Bungaree catchment 

soil sample hole 37 exhibited a generally increasing trend in salinity from 50 cm depth 

(3.62 dS/m) to 350 cm depth (15.78 dS/m), although significantly higher levels of salt 
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were recorded at the soil surface suggesting groundwater capillarity or an impermeable, 

clayey B-horizon restricting water percolation. The soil map that shows that Nugara 

sandy-loam occurs in this area, which has clayey subsoil, supports this. 

Soil sample hole 26 exhibited a reasonably regular increasing trend in salinity from the 

surface to 350 cm depth. In the Pass River catchments a similar increasing trend in 

salinity with increasing depth was observed at soil sample hole 28. Soil sample hole 54 

exhibited a more complex soil salinity profile with increasing depth displaying a slight 

bulge at about 50 to 100 cm depth. 

5.6. Currie 

Map 6 presents the predicted salinity classes for an area to the north east of Currie that 

covers Little Porky, Three Rivers, and Camp Creek catchments that drain into the 

Southern Ocean to the west of the Island, and the upper catchment area of Sea Elephant 

River that drains into Bass Strait to the island�s east.   

The geology and soil associations traversed include Proterozoic granite overlain with 

Nugara sandy-loam, Naracoopa sand and Pegarah fine sandy-loam on the site�s western 

half, with a small area of Pleistocene sand dune/Taroona sand in the north. In the 

eastern half, the area comprises Proterozoic shale and a small area of Proterozoic 

amphibolite upon which Pegarah fine sandy-loam, Lappa and Naracoopa sand and 

Nugara sandy-loam occur. GFS are classed as intermediate across the entire area. 

The boundary of the two major geological units occurs roughly to the west of Munros 

Road. The salinisation pattern shows a clear increase in soil salinity from the east, on the 

Proterozoic shale, through to the west, on the Proterozoic granite. The non- and slightly-

saline storage that occurs near Browns Road at the north of the site is associated with the 

Pleistocene sand dunes/Taroona sand soil. There was little change in the underlying 

salinity pattern to discern the Proterozoic amphibolite from the surrounding Proterozoic 

shale. 

The salinity classes draped over the DEM (Map 6, and Figure 41 below) shows that there 

is a general lowering of the landscape from the eastern high plateau country to the  



   84

Map 6. Currie - Predicted average soil salinity at 0 - 350 cm depth June 2005 
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Figure 41: Soil salinity classes, drainage and 1 m contours at the Currie site 

western country that dips to the northwest, following the location of the boundary 

between the shale and granite lithologies. However, on granite, salinity is extreme at 

heights of 60 m ASL at the very southern perimeter of the site, and at 30 m ASL just 

north of Currie, suggesting that terrain morphology is a poor predictor for the location 

of salt in the top 350 cm of soil. Profile curvature terrain modelling was undertaken on 

data collected on Proterozoic shale but failed to show a relationship between landscape 

morphology and salinity class and is not presented. Similar to the result at Egg Lagoon, it 

is likely that there was insufficient spatial data (particularly in the z dimension) to gain an 

accurate representation between these variables. 

Analysis of the soil salinity profiles presented on Map 6 (and in Appendix B) reveals the 

magnitude of salinity in the granite-derived soil. Extremely-saline levels (over 16 dS/m) 
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were encountered within the soil profile at the soil sample holes 1, 2, 39, 15 and 55. Very-

saline soil was also encountered at the other sample holes 38, 16 and 40, which also occur 

on the granite. On Proterozoic shale, sample holes 45 and 44 encountered non- and 

slightly-saline soil. 

Groundwater was intercepted at three of the ten soil sample sites; all are classed 

extremely-saline and occur on the granite-derived soil. Two of these recorded values are 

far in excess of the extremely-saline classification level. These were 44.9 dS/m at 350 cm 

depth at sample hole 1, and 28.7 dS/m at 190 cm depth at sample hole 38. The other 

extremely-saline groundwater was 17.1 dS/m recorded at 300 cm depth at sample hole 

40.  

Of the ten sample holes at the Currie site, only hole 15 exhibited a profile pattern 

suggesting salts are concentrated at the surface due to capillarity. However, at this site no 

groundwater was encountered at the time of drilling. Given that rock prevented auger 

penetration at 250 - 300 cm depth it is likely the groundwater was contained within the 

fractured rock aquifer at time of drilling (February, 2005). 

Soil profiles 1 and 2 exhibit a salt bulge in salinity at about 150 - 300 cm depth, 

suggesting groundwater capillarity is depositing salt into this area of the soil or, that soil 

water percolation is flushing salt to this depth. Salinity of the groundwater at sample hole 

1 was 44.9 dS/m suggesting considerable salt loads contained within the groundwater in 

this area. To a lesser extent, sample holes 38 and 16 exhibit a similar bulging trend in 

salinity, but at a shallower depth at sample hole 38 and of similar depth but of lower 

salinity magnitude at sample hole 16. 

Sample holes 39 and 55 contain consistently high stores of salt (classed as very- and 

extremely-saline) throughout the profile. Basement rock (presumed to be granite) 

restricted drill depth to 300 cm depth at each site.  

Sample holes 44 and 45 exhibited a decreasing trend in soil salinity from the surface to 

the subsurface. In the literature, possible explanations for this are capillarity from a high 

groundwater or subsoil impedance. Given that no groundwater was intercepted at these 

sites, it has been assumed that subsoil impedance (humus hardpan) in the Lappa sand has 

impeded drainage at sample hole 45, and that a clay or cemented organic layer in the 

Pegarah fine sandy-loam has impeded drainage at sample hole 44. Further discussions of 

these salinity profiles as they relate to the cause of topsoil salinisation are given in the 

discussion (Section 6.6). 
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5.7. South Road 

The predicted salinity classes for an area toward the southern tip of the island are 

presented in Map 7. The area totalled approximately 550 ha, and forms a significant 

portion of the western water catchment of Big Lake to the east. The site is underlain 

entirely by Proterozoic shale, aside from a small patch of remnant Pleistocene sand at the 

south western corner of the site. Soil types comprise Lappa and Naracoopa sand. GFS 

are classed as intermediate, with a very small local system occurring at the location of the 

Pleistocene sand. The pattern of drainage reveals Macks Creek and several of its 

unnamed tributaries originate at the site.  

The salinisation pattern imparts an almost mottled effect across the site. Areas of non-

and slightly-saline soil occur at close proximity to moderately, very and even extremely-

saline soil right across the survey site.  

The shaded relief image (Map 7) shows the land slopes in a west to east direction with 

the topographic high occurring in the central north of the site. The salinity classes draped 

over the DEM (Map 7, and Figure 42 below) further reveal the complexity of the salinity 

pattern at the site, particularly toward the topographic low areas.  

A comparison between the three black coloured ellipses marked A, B and C (Figure 42) 

serves to further illustrate the complex salinity pattern at the site. Each has similar 

geomorphic settings; is underlain by the same lithology, has similar aspect and similar 

upslope morphology. Ellipse A is classed non- and slightly-saline whereas ellipse B has a 

significant area of very- and extremely-saline soil, and ellipse C has small patches of 

moderately- and very-saline soil. The contours in Figure 42 show the area inside ellipse A 

are further apart, thus it is flatter than ellipse B (denoted by the arrows). As such, it might 

be expected that soil salinity should be more likely to occur in ellipse A than ellipse B. 

Another possibility is that the landscape is slightly concave within ellipse B, which is 

subject to more convergent groundwater flow and accumulation. Groundwater flow at 

ellipse A may be slightly divergent, thus flow will move away from the site. However, the 

differences between the two are too slight to adequately account for such large 

differences in salinity. Also, ellipse C shows a similar, slightly divergent contour pattern 

to that of ellipse A, yet has higher soil salinity. Furthermore, immediately upslope of 

ellipse C, salt appears to be concentrated along the ridgeline (denoted by the arrow) 

rather than dispersed from this geomorphic feature.  
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Map 7. South Road - Predicted average soil salinity at 0 - 350 cm depth June 2005 
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Figure 42: Soil salinity classes and contours at the South Road site. 

Salinity that occurs down slope of each ellipse occurs at depressions along the drainage 

lines, conforming to a local scale GFS. Break-of-slope salinisation appears to be 

occurring in areas upslope of the ellipses. Areas of mainly non-and slightly-saline soil 

occur above about 95 m ASL (outlined as the mauve coloured contour in Figure 42). 

Salinity is expressed at the surface in the area to the west of the hill as a severe salt scald. 

Soil sample site 61, which was drilled in the salt scalded area, reveals extreme salinity 

levels (measuring 33.8 dS/m) at the soil surface. However, groundwater was not 

intercepted at this site at the time of drilling (February, 2005), though it was intercepted 

at 210 cm depth at the nearby sample site 18, and salinity was assessed at 17 dS/m, which 

is classed as extremely-saline. At sample hole 17, which was drilled at the top of a local 

rise in the landscape, salinity was low at the soil surface and increased in a regular fashion 

to 350 cm depth, and is classed as extremely-saline at 300 cm depth. This salinity profile 

pattern suggests soil water percolation is able to flush any topsoil salts down to lower in 

the soil profile, reflecting the holes geomorphic location at the top of a rise. Sample hole 

41 was drilled on the north east side of the hill below 80 m ASL. At the soil surface, and 

at 50 cm depth, salinity was recorded at 0.79 and 0.8 dS/m, respectively, and both are 
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classed as non-saline. At 100 cm depth salinity increases to 6.06 dS/m, and at 150 cm 

depth a maximum of 11.19 dS/m was recorded. Thus, the soil profile exhibits a bulge at 

this depth suggesting salts are flushed to this depth. Visual observations in the field 

showed that the paddocks in the vicinity of sample hole 41 do not generally appear to be 

salt affected, further suggesting that the majority of salt is stored at depths below the soil 

surface.  

Sample hole 29 was drilled toward the western boundary of the site, and auger refusal 

occurred at between 100 - 150 cm depth. Moderately-saline soil was recorded at 50 cm 

depth. 

Map 7 suggests that the flushing of salt from soil in areas between about 80 - 95 m ASL 

is affecting salt expression in areas below about 80 m ASL. Salts are either stored in the 

subsoil, or have been expressed at surface depressions as severe scalds. 

The sample holes 17, 41 and 61 were drilled from the top to the bottom of a slope in 

order to determine some of the salinisation characteristics on a localised slope on 

Proterozoic shale. A comparison of the salinity characteristics inherent in this geological 

setting was made with the characteristics inherent in the Proterozoic granite at the Lake 

Flannigan site. This is shown in the discussion section of this thesis (Section 6.4.2). 

Terrain modelling was performed at this site but failed to clearly show any association 

between the spatial salinity image and terrain morphology, and is not presented. 
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Chapter 6. Discussion 
 

 

The primary aim of this thesis was to use EM techniques to investigate the areal extent 

and magnitude of soil salinity on land systems previously assessed as uniformly saline 

(aim number 1, Section 4.1). The validity of this assumption is discussed in relation to the 

salinity maps presented in this thesis.  

Secondary aims were to assess the biophysical determinants of salinisation related to 

climate, geology, geomorphology and soils (aim number 2). Each is discussed in relation 

to the spatial salinity maps presented in the results (Maps 2-7). Models outlining the key 

biophysical determinants thought to cause salinisation at the macro- and meso-scales are 

presented on each of the island�s geomorphic landforms. From these models and the 

shape of the soil salinity profiles, the theoretical possibilities causing salinisation at the 

micro-scale are also discussed, adhering to aim number 3, and reflecting the overarching 

theory of multiple causality and the multiple scales of observation discussed earlier (Levin 

1992). 

Finally, the results and discussions presented are used to critique previous salinisation 

management, which has been based on the conventional groundwater flows systems 

model. The King Island community is presented with an alternative management model 

for their consideration (aim number 4). 

To begin the discussion, an analysis of the reliability of the EM31 meter for salinity 

mapping on the island was made. 

6.1. Reliability of the EM31 for salinisation mapping 

Cook et al. (1991) and Emerson and Yang (1997) demonstrated that a complex mixture 

of solid, liquid and air in soil all influence ECa measured by an EM meter. Where total 

soil moisture is about 10 % and above, the majority (between 75-90%) of ECa is due to 

the dissolved salts contained within the soil water (Job et al. 1998, Fitzpatrick et al. 2003a; 

Section 2.3.2).  
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This characteristic is of central importance in this study, because the EM31 was used 

across a wide variety of lithologies and soil types, exhibiting many different textures and 

compositions. The common link is that they all contain soil moisture, which in turn 

contains dissolved salts. While it is almost certain that the EM machine traversed soil 

with less than 10 % total soil moisture in some part of the soil profile, it is unlikely that 

total soil moisture was consistently below 10 % because there was sufficient soil moisture 

to produce a secondary magnetic response from the soil. This is supported by the results 

of the soil moisture contents at the soil sample sites (Appendix B). Of the 61 soil sample 

sites only two (sample sites 59 and 45) registered soil moisture at less than 10 % down 

the entire soil profile. Both sites are situated in areas of very low ECa (Map 1). Sample 

site 59 was located in the centre of a 25 ha area assessed as containing the lowest kriged 

ECa on the island (<50 mS/m). Sample site 45 was located in an area of approximately 

50 ha that was assessed as containing low ECa, between 50 - 100 mS/m (Map 1). 

Basement rock restricted sample collection to above 50 cm and 100 cm depth at each 

site, respectively. The ECe of the captured soil recorded low levels of salinity (below 0.9 

dS/m). The small volume of soil above the basement rock at each site and the low levels 

of salt contained in the soil suggest that readout from the EM31 would have been very 

low even if soil moisture were above 10 %. As such, EM readout in the vicinity of these 

soil sample sites is considered valid for the purpose of this study. 

The OLS regression (Figure 33, Section 5.2) provides conclusive evidence that average 

salt (ECe) contained within soil is sufficient to explain ECa assessed by the EM31 at the 

61 soil sample sites (r2=0.76, p=0.0001). The variability around the mean can be 

attributed to the other variables inherent within soil (Cook et al. 1991; Emerson and Yang 

1997). Thus, the EM31 is shown to be a suitable instrument for salinity assessment for 

the purpose of this study. 

6.2. Variability of salinisation within land systems 

Grice (1995) identified moderate salinity contained entirely within Stephens and 

Hosking�s (1932) Nugara sandy-loam soil mapping unit. Later, the King Island Natural 

Resource Management Committee (1998) extended the area containing a hazard to 

Stephens and Hosking�s Lappa and Naracoopa sands (Section 3.6). The relevant 

segments from each map pertaining to the Yellow Rock River area were extracted and 

compared with the salinity mapping undertaken using the EM methods in this study 

(Figure 43). There is no evidence to suggest any delineation between land systems in 
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relation to soil salinity class. Salinity occurs across the entire spectrum of severity classes 

both within and between land systems. This observation is repeated on all the land 

systems assessed on the island, as evidenced in Maps 3 � 7. Clearly the assumptions of 

land system uniformity are unsubstantiated. The relevance of this observation is 

discussed further in Section 6.7. 
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Figure 43: Estimates of salinisation around Yellow Rock River by: (a) Grice (1995), (b) in 
this study; and (c) by the King Island Natural Resource Management Committee (1998). 
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At this point it is worth revisiting the methodology used in the construction of Grice�s 

salinity map, which was based on the visual identification of salinity indicators. The 

method states that observations of indicators at the highest level of salinity, such as salt 

scalds, would render the entire land system as containing that class of salinity (code C, 

Table 3, Section 3.6). Using this methodology, Grice classed the Lappa and Naracoopa 

sands soil units, which are combined into one land system, as containing �nil� salinity.  

This methodology can be checked at the South Road site (Map 7).  This site contains 

only the Lappa and Naracoopa sands soil unit/land system. Very-saline and extremely-

saline soils have been identified at the site. In addition, visual observations in the field 

during the EM survey showed evidence of salt scalding within each soil unit. These 

scalded areas classify as the most saline (code C) according to the methodology used by 

Grice. The landowner of the property has confirmed that these areas were scalded at the 

time of Grice�s report (P. Bowling, verb. comm. 2006).  

Expressions of salinity on the Lappa and Naracoopa sands were not confined just to the 

area covered in Map 7. Other salinity indicators, including bare patches and large areas of 

sea barley grass (Hordeum marinum) were observed to occur on these land systems to the 

north of the township of Currie, at Egg Lagoon and at Lake Flannigan. As such, Grice�s 

omission of these land systems from her report was an error (these soil units/lands 

systems were subsequently identified as containing a salt hazard by the King Island 

Natural Resource Management Committee 1998, Figure 24, Section 3.6). 

The salinity hazard map generated by Grice (1995) was submitted as the Tasmanian 

component of the national salinity audit (Bastick & Walker, 2000). The audit has 

subsequently been used as a tool to develop salinity management policy by state and 

commonwealth governments. Policy decisions have included the allocation of funds for 

on-ground works under the National Heritage Trust and the development of 

management boundaries for the current National Action Plan for Salinity and Water 

Quality (NAP). The NAP boundaries are limited to central Tasmania and Flinders Island. 

King Island is not represented under the NAP. The implications of Grice�s (1995) 

mapping error can only be hypothesised, however, it is worth noting that if mapping had 

been completed correctly, then the total area identified as containing a salt hazard would 

have been similar to that shown on Flinders Island (Grice 1995). 
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6.2.1. Groundwater flow systems (GFS) 

The characteristics of the hydrogeological system, and particularly the time taken for 

recharge to affect discharge, defines the GFS for a particular area (Section 2.1). GFS 

characterisation is one of the key parameters used by policy makers. Policy decisions 

include the identification of areas to assign funds for salinisation management. Particular 

emphasis has been placed on the management of local scale GFS due to their rapid 

response rates to management compared to intermediate and regional systems (Section 

2.5).  

Of the thirteen GFS identified as occurring in Tasmania at a 1:500,000 scale (Latinovic et 

al. 2002), three major systems were identified on King Island; system number 2) local 

flow systems in Quaternary sediments; system number 3) local to intermediate flow 

systems in Quaternary sediments; and system number 12) intermediate flow systems in 

low relief sedimentary rocks (Section 3.4). 

During EM surveying it was possible to visually identify the locations and characteristics 

of salinisation expressed in the field. Interception of groundwater during drilling at the 61 

soil sample sites allowed for an assessment of groundwater salinity. These observations 

and measurements have enabled comparisons with the GFS characteristics and their 

critical attributes as outlined by Latinovic et al. (2002) (Table 6). Examples of evidence 

include: 

• Expressions of salinity in the field were observed at topographic lows, along 

drainage lines and at break-of-slope, which supports the descriptions outlined in 

Latinovic et al. (2002).  

• Groundwater was measured within Latinovic et al’s (2002) expected range on 

system number 3) �local to intermediate flow systems in Quaternary sediments�. 

Salinity classes extrapolated from the ECa/ECe correlation and extrapolated 

across the entire EM survey site identified the range between nil and extremely-

saline (Maps 4 and 5). The extreme category is above the critical attribute range 

for this GFS (Table 6). 

• Groundwater was measured at seventeen sites on system number 12) 

�intermediate flow systems in low relief sedimentary rocks�. Seven were measured 

within the critical attribute range and ten were measured above the critical 

attribute upper limit of 8.3 dS/m. Salinity derived from the EM survey method in 
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this study occurred in the range of nil through to extremely-saline (Maps 5, 6 and 

7). The extreme level of salinity is above the critical attribute range for this GFS 

(Table 6). 

From these comparisons it can be concluded that the salinity descriptions listed in 

Latinovic et al’s critical attributes are too low for system number 3) local to intermediate 

flow systems in Quaternary sediments, and system number 12) intermediate flow systems 

in low relief sedimentary rocks. 

Table 6: A comparison between the critical attributes associated with the GFS on King 
Island as listed in Latinovic et al. (2002) and as measured in this study. 

 GFS critical attribute  

(Latinovic et al. 2002) 

Measured in this study 

GFS Groundwater 
salinity range 

(dS/m) 

Salinity 
description (no 

reference) 

Groundwater 
salinity range 

(dS/m) 

Salinity 
description 

(Taylor, 1993) 

Number 2 - local 0.1 - 30 Low � moderate N/a Nil 

Number 3-
local/intermediate 

0.03 - 30 Low � moderate 5.3 � 20.5 (Nil � extreme) 

Number 12 - 
intermediate 

0.1 � 8.3 Low 0.7 � 44.9 (Nil � extreme) 

 

Spatially, the three major GFS cover the majority of the island. GFS system number 12) 

intermediate flow systems in low relief sedimentary rocks, traverses three geological 

units: the Proterozoic granite, shale and siltstone. Visual observations in the field during 

the EM survey revealed that break-of-slope saline seepage was a common occurrence in 

the Proterozoic granite and shale units. Discharge occurred within 10s to 100s of meters 

from the top of hills (recharge). These observations do not match with Latinovic et al’s 

(2002) classification as an intermediate GFS but rather they exhibit local scale GFS 

characteristics.  

From the observations and measurements made here the stated range of groundwater 

salinity and the descriptions of soil salinity are understated. Understatement of salinity 

occurs particularly on the Proterozoic granite where no association has been made 

between GFS occurring on this geological setting and the neighbouring shale unit. GFS 

on siltstone appears to more closely conform to the characteristics of GFS system 
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number 12) intermediate flow systems in low relief sedimentary rocks (Latinovic et al. 

2002). 

A possible explanation why the granite and shale units are not marked as a local scale 

GFS was the 10 � 15 km2 minimum pixel size used for the construction of the GFS maps 

(M. Latinovic, verb. comm. 2006). Finer scale details did not fit the mapping parameters 

and were not used. However, scaling error cannot explain the inaccuracy I believe is 

associated with GFS classification on the Proterozoic shale, which is much larger in area 

than the Proterozoic granite unit. 

Because the GFS map was constructed at a scale of 1:500,000, it cannot be considered 

inaccurate at that scale (though there is a case that the map is inaccurate on the 

Proterozoic granite). Given that the results at one scale do not necessarily apply at 

another scale (Levin 1992), an extension of this same reasoning is that the GFS map 

should not be used to decide upon salinity management policy, as the decisions are likely 

to be erroneous. This potential for error has been clearly demonstrated on King Island. 

Further discussion on the significance of scale and the errors inherent in GFS maps and 

salinisation management is given in Section 6.7. 

6.3. Biophysical determinants of salinisation 

6.3.1. Climatic determinants 

de Leeuw et al. (2000) measured aerosol mass produced from typical global surf zones 

(Section 2.4.2). Their measurements are relevant to the situation on King Island, as they 

were made at two sites on the surf coast of California, United States. Like the Californian 

coastline, the west coast of King Island is exposed to sea spray generated from the open 

ocean. de Leeuw et al. (2000) measured  aerosol mass at several heights to 50 m, and at 

several distances from the surf zone. They estimated that between 17.7 - 32.6 kg m-2 yr-1 

(study 1) and 9.4 - 27.1 kg m-2 yr-1 (study 2) was produced. The low rates are presumably 

during calm conditions, the latter during storm conditions. They also concluded that at 

winds of 32 km hr-1 about 10 % of the finer sized particles of sea spray (defined as being 

less than 10 µm in diameter) are deposited up to 25 km inland.  

The median radius of sea spray containing sodium ions at Cape Grim, at the very north 

west tip of the Tasmanian mainland, is about 2 µm (Figure 44, Ayres et al. 1999). As 

such, it would be expected that sodium laden sea spray that originated from the west 
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coast of King Island has the capacity to be transported across the entire width of the 

island, which is about 20 � 25 km wide. 

By applying de Leeuw et al’s estimates at the western shoreline of King Island, which is 

about 40 km in length, a total of 200 ha of sea spray is generated between the surface of 

the ocean up to a height of 50 m ASL. Assuming uniform deposition from the surface of 

the ocean to a height of 50 m, this equates to between 35,400 - 65,200 tonnes yr-1 (study 

1) and between 18,800 - 54,200 tonnes yr-1 (study 2) of aerosol mass. Using the arithmetic 

mean of these estimates, between 27,100 - 59,700 tonnes of aerosol mass per year are 

predicted to be blown onto King Island from west coast generated sea spray. 
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Figure 44: The volume of sodium molecules contained within different sized sea spray 
during 2001 at Cape Grim on the Tasmanian mainland (Ayres et al. 1999). 

 
An adaptation of the transport model used by de Leeuw et al. (2000) was used to predict 

the deposition of sea spray across King Island (Figure 45). The assumptions in the 

construction of Figure 45 were that 80 % of mass is deposited within the first 5 km of 

the surf zone, 50 % of the remaining mass is deposited between 5 and 15 km, 10 % of 

the remaining mass is deposited beyond 20 km, and no deposition occurs above 50 m 

ASL. The majority of the northern third of the island is susceptible to significant inputs 

of salt (Figure 45). It is assumed that the west coast dune system, some of which occurs 

above 50 m ASL, will limit the amount of salt blown inland, however, there appears to be 
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no recorded literature to support this assumption. The effect of the dunes of salt 

deposition is explored further in Section 6.4.5. 
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Figure 45: Rates of aerosol deposition from west coast generated sea spray following the 
findings of de Leeuw et al. (2000). 

The salinity of groundwater for agricultural purposes was assessed during the drilling for 

soil samples and is shown as a frequency histogram (Figure 32, Section 5.2). The majority 
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were classed as extremely-saline. In the Yellow Rock River basin, nine groundwater 

samples were assessed and the average conductivity was 10 dS/m. If it is assumed that: 

• groundwater conductivity is entirely comprised of salt sourced only from sea 

spray; 

• conductivity of 1 dS/m equates to 640 mg of salt per litre;  

• groundwater within the Yellow Rock River basin is contained within a 2 m deep 

aquifer throughout the entire 7,500 ha basin; 

• the density of groundwater is half that of free standing water; and, 

• that only 5.4% of sea spray derived salt recharges the water table (Chiew and 

McMahon 1991), then; 

the current level of groundwater salinity in the basin was deposited in just 19.8 to 43.9 

years from sea spray alone.  

Using the same assumptions for salt accumulation sourced only from rainfall (130 kg ha-1 

yr-1 from 850 mm yr-1), groundwater conductivity in the basin can be accounted for over 

a period of 9,117 years from rainfall alone.  

From these examples it is clear that salts contained within sea spray aerosols are the 

major cause of salt deposition onto the island, particularly in the northern third. It is 

likely that fresher rainfall plays an important role in diluting and flushing these salts from 

the landscape. The implication of this dilution effect on sea spray additions of salt can be 

assessed in relation to predictions of climate change. Hennessy et al. (2006) predict that 

climate change may decrease the amount of rainfall falling in the area around King Island 

by a maximum of 3.5 % of 1990 levels by 2030, and evaporation may increase by a 

maximum of 5% of 1990 levels over this same period. By applying these estimates in the 

Yellow Rock River basin, and assuming additions from wind generated sea spray remain 

constant, between 0.14 and 0.225 tonnes ha-1 yr-1 (between 1,050 and 1,688 tonnes) of 

salt will remain in the topsoil across the whole basin. This is about a 10 % increase in the 

amount of salt that is currently stored within the topsoil that was assessed in this study. 

Salt accumulation from rainfall has long been thought to be the primary source of salt 

deposition in Australia (Teakle and Burvill 1938; Cope 1958; Bettenay et al. 1964). 

However, no attempt has been made to distinguish the proportion of salt derived from 

just sea spray. The application of de Leeuw et al’s. (2000) findings to King Island strongly 
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suggests that salt derived from sea spray alone is the major source of land based 

salinisation. It is likely to be the major source of salt accumulation within about 25 km 

from the Australian shoreline. 

Compared to the accession rates from sea spray and rainfall, accessions from weathering 

is unlikely to comprise a significant component to the total salt budget for the island, 

confirming similar findings by Bettenay et al. (1964) and Dimmock et al. (1974). Should 

the current trend in climate change result in less rainfall and higher rates of evaporation, 

it is predicted that less salt will be flushed from the topsoil, compounding the detrimental 

affects of salinity. 

6.3.2. Geological and soil determinants 

Knowledge of the locations and properties of geology and soil has been used to map and 

manage salinisation on King Island and in the wider Australian landscape (Sections 2.1 

and 3.2). 

The spatial location of salinity classes over 15,420 hectares of the island was constructed 

at a scale of 1:238,000 (Map 2). At this scale it is possible to determine the association 

between salinity in the top 350 cm of soil and the island�s geology mapped at 1:250,000 

(Figure 14, Section 3.2).  

Consistently low levels of salinity were associated with the locations of Pleistocene old 

dunes and Holocene new dunes and Proterozoic siltstone. Topography is an important 

determinant for the location of salinisation on Proterozoic shale, with highly- and 

extremely-saline levels occurring in topographic depressions. Areas classed as highly- and 

extremely-saline are associated with Quaternary sediments and Proterozoic granite.  

Salinity on Quaternary sediments relate to their location in the northern half of the 

island, i.e. being in areas of lower rainfall and lower topography (Figure 10 and Figure 13, 

respectively). The likely major source of salts onto these areas is from sea spray, 

discussed previously.  

On the granite, high levels of salinity were measured toward the top of hills, as well as at 

valley depressions. As such, landscape morphology is a poor predictor for the location of 

salinisation, as was evidenced at Lake Flannigan (Map 3), in the Bungaree Creek and Pass 

River catchments (Map 5) and around Porky Creek inland of Currie (Map 6). This 

prevented the use of terrain modelling on this geological unit. 
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The high salinity levels on the Proterozoic granite are likely related to their primary 

mineralogy, because this dictated the secondary mineral weathering assemblage. 

Weathered granite provides good physical and chemical properties to enable salinisation.  

Gresham (1972) describes the west coast granite as a granodiorite, i.e. generally of low 

silica compared to the general granite compositions seen in south east Australia. Near 

surface weathering of the sodium and potassium feldspathic (and biotite) component of 

granite would result in the formation of clays (Twidale, 1982). The layered properties of 

clay lattice allows for cation exchange of surface potassium with sodium from percolating 

water. Concentrations of sodium at clay exchange site would occur in a high sodium 

chloride environment from salts sourced from sea spray, which are transported by 

rainfall into the soil. Essentially, the fine-textured, high surface area nature of the 

weathered granite-derived clay results in the soil to be weakly leached, and therefore, 

exhibits high storage capacity through cation exchange at the surface of resultant clay 

colloids. It would appear that this does not occur to the same extent in the weathered 

zones on the island�s other geological units. This was supported by Gunn (1985) who 

found that the materials associated with soils of high salinity at several sites on the 

Australian mainland comprised biotite, hornblende and potassium, sodium and calcium 

feldspars derived from volcanic and granitic rocks.  

The assertion in the previous section that salt accession from weathering alone is unlikely 

to comprise a significant component to the island�s total salt budget is sustainable on the 

King Island Proterozoic granite. However, blurring this concept is that weathering rock 

can take up more salt under more saline conditions, and then re-release it under more 

fresh conditions. 

The depth trend in soil salinity at the sample holes drilled at the top, mid- and at the 

bottom of slopes suffering from salt scalding on Proterozoic granite at Lake Flannigan 

(Map 3) and on Proterozoic shale at South Road (Map 7) reveal that the difference in 

salinity in the whole soil average is only minor (Figure 46). A greater proportion of salt is 

stored in mid-slope granite topsoil and has been flushed on the shale soil. It is this 

difference between the patterns of salinisation on the two geological units that has been 

revealed by the depth attenuation properties of the EM31 meter (Figure 27, Section 4.2). 

Since the EM31 was used at the height of 0.9 m above the soil surface, it is most 

sensitive to changes in ECa at areas close to the soil surface.  
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On Proterozoic shale this characteristic has allowed the use of terrain analysis from 

DEMs to predict salinisation within areas not directly assessed by the EM31. This is not 

the case for soils formed on granite, where there has been less flushing of salt from mid-

slope topsoil. As such, topography alone is a poor predictor of salinisation to 350 cm 

depth, and highly saline soil is likely to occur in all areas of the landscape. This supports 

findings by Engel et al. (1987) and Barrett-Lennard and Nulsen (1989) who also 

concluded that whilst salinised land often developed in the topographically lower parts of 

the landscape, topography alone is insufficient to predict the location of all salinised 

areas. Prediction of soil salinisation from geology and DEMs appear in section 6.5. 
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Figure 46: Salinity storage and slope position on Proterozoic granite at Lake Flannigan 
and Proterozoic shale at South Road. In this case, topsoil is the top 50 cm of soil. 

 

6.4. Salinisation models on the various geomorphic landforms 

The King Island community identified that mapping the extent of salinisation was an 

issue of high priority to assist with the development of salinity management programs. 

In this section the salinisation maps are combined with the key biophysical determinants 

that impact upon salinisation, and models for the development of salinisation are 

presented. To help with their interpretation, the causes of salinisation (outlined in Section 
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2.1) are briefly described and categorised into the scale at which each predominates 

(Table 7). It is worth noting that Table 7 is merely a summary and that each cause may 

operate at each scale. For example, the broadest cause listed is climate change, however, 

its greatest impact could be on the incidence of transient salinity, which, in turn, depends 

upon the micro-scale characteristics of the soil in association with climatic events. 

The major geomorphic areas pertaining to each model are the highland plateau, the 

undulating plains and slopes, the Yellow Rock River basin, the drained swamps and the 

near-coastal dunes. It is hoped that these models will enable the island�s residents to 

tailor salinisation management programs in the major geomorphic areas, which are 

discussed in Sections 6.5, 6.6 and 6.7). 

Table 7: A summary of the causes of salinisation (from Chapter 2) 

Principal 
scale of 
salinity 
cause 

Cause 
number 

Brief description 

1 Climatic: sea spray accessions and climate change � a decrease in 
rainfall and/or an increase in evaporation restricting salt 
flushing. 

Macro- 

2 Landscape and aquifer characteristics � the delineation of areas 
of salt accumulation. 

Meso- 3 and 4 Groundwater capillarity (3) and stratification (4) � the 
concentration of salt at certain depths in the soil defined by 
subsoil constraints (refer to soil unit descriptions in section 3.3). 

Micro- 5 Transient salinity � the development (or not) of topsoil salinity 
due to a combination of rainfall and evaporation associated with 
a subsoil constraint to water percolation (refer to soil unit 
descriptions shown in section 3.3). 

 

6.4.1. The highland plateau 

In the southern third of the island, Pegarah fine sandy-loam soil on Proterozoic shale 

occurs on the highland plateau. Highland plateau drilling (6 sample holes) and EM 

imaging showed that the top 3.5 m of regolith has consistently low ECa and low levels of 

ECe. As such, there is little evidence to suggest the occurrence of high soil salinity in this 

area.  
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Additions of salt from sea spray are assumed to be restricted by the area at topography 

above 50 m, however, there is no actual data to suggest that this is the case. Any 

additions of salt onto the highland plateau (principally from rainfall) are quickly flushed 

from the soil by the high volume of rainfall (in excess of 1000 mm yr-1 in this area of the 

island, Figure 10). Salt is transported from the soil to the ocean by the dense drainage 

network (Figure 15, Section 3.2). 

6.4.2. The undulating plains and slopes 

The undulating plains and slopes occur topographically below the southern plateau and 

above Lake Flannigan, Egg Lagoon and the Yellow Rock River basin. The soil units are 

the Naracoopa, Lappa and Taroona sands that form on undifferentiated Quaternary 

sediments, Proterozoic granite and shale. Remnant patches of Pegarah fine sandy-loam 

occur above about 50 m ASL in the north of the island. Combined, these soil types 

constitute the majority of the area surveyed for this study. 

Sea spray accessions contribute significant quantities of salt to these soils in the northern 

half of the island below 50m ASL. Above 50m ASL, it has been assumed that salt 

accession by rainfall would outweigh the contributions from sea spray. 

The key determinants related to salinisation on the undulating plains and slopes are 

related to the scale of observation. At a landscape scale (100s of metres), expressions of 

salt occur at break-of-slopes (salinity cause number 2, Table 7), at topographic lows and 

along drainage lines. At the bottom of slopes, surface expressions relate to groundwater 

rise (causes 3 and 4), with ponding occurring in the winter months and groundwater 

capillarity more prevalent in summer (Figure 47, top image). At finer scales (10s of 

metres) groundwater is forced laterally on subsoil pan layers, which are documented to 

occur in these soil types i.e. the Naracoopa and Lappa sands, and less so on the Taroona 

sand soil unit (Stephens and Hosking 1932). Surface expressions of salinisation occur 

where: (1) these layers intersect the surface (salinity cause number 2), which occurs at 

points of recent incision; (2) at break-of-slope (salinity cause number 2); and (3) where 

climatic and soil conditions conspire to cause transient salinity (salinity cause number 5), 

(Figure 47, bottom image). 

Importantly, salinity on the sloping lands on Proterozoic granite are greater than for 

other lithologies on King Island. The macro-scale break-of-slope salinisation model 
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appears to still apply on Proterozoic granite, however; storage of salt is high in all areas 

of the granite landscape. 
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Figure 47: Salinisation model for the Nugara sandy-loam, Naracoopa, Lappa and 
Taroona sands occurring on the slopes and undulating plains. The red and blue colours 

represent comparisons of high and low salt content, respectively. 

6.4.3. The Yellow Rock River basin  

The Nugara sandy-loams, Lappa and Taroona sands occur in the Yellow Rock River 

basin (below 20 m ASL). The Nugara sandy-loam predominates in the lower reaches of 

the basin, with Taroona sand in the basin�s upper reaches. Each occurs on 

undifferentiated Quaternary sediments that contain quantities of salt classed as very- and 
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extremely-saline. Between these soil units occurs a pocket of Lappa sand that has lower 

salinity (Map 5). 

The centre of the basin is about 10 km from the west coast. Sea spray accessions have 

been estimated at half the theoretical range due to the blocking of westerly winds by the 

dune system, however, as has been previously stated, there are no actual data to verify 

this claim. Lateral groundwater flows are likely to occur on the subsoil constraints that 

occur in the Pegarah fine sandy-loam and Nugara sandy-loam at the basin�s southern 

boundary, and on the soft pan layers in the Taroona sand at the basin�s northern 

boundary. In these soils, the causes of salinisation are the same as those outlined in the 

soils of the undulating plains and slopes in the previous section. 

Capillary rise by a shallow groundwater (salinity causes 3 and 4, Table 7), which is 

determined by the flatness of the basins topography (salinity cause number 2), will 

concentrate salts within the top few meters of soil in many areas of the basin (Figure 48). 

Taroona sand
(subsoil constraints to 
water percolation)

groundwater

capillary rise

sea spray salt
(13.5 - 30 tonnes/ha/yr)

rainfall salt
(0.13 tonnes/ha/yr)

evaporation

north south

Pegarah fine sandy-loam
Nugara sandy-loam

about 10 kms

surface water ponding 

(subsoil constraints to 
water percolation)

groundwater deeper than 
about 2 m from surface

salt concentration

causes number 3 and 4
(groundwater rise and/or 
capillarity)

Meso-scale models

1 to 100s of metres

salt concentration

1 to 100s of metres

groundwater shallower than 
about 2 m from the surface

causes number 3 and 4
(groundwater rise and/or 
capillarity)

and/or

and/or

Macro-scale model

cause number 2
(flat, broad landscape)

 

Figure 48: Salinisation model in the Yellow Rock River basin (below 20 m ASL). 
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6.4.4. The drained swamps 

Swamp soils were traversed at Reedy Lake (Map 1) and at Egg Lagoon (Map 4). At Reedy 

Lake the Swamp soils are, in the main, moderately-saline, whereas at Egg Lagoon they 

are classed as very- and extremely-saline. Lower salinity levels at Reedy Lake are 

attributed to the surrounding landscape morphology, involving accessions of fresh 

groundwater flows from Yambacoona sand to the south. The diluting effect would be 

moderated by the high salt content from groundwater accessed from the Naracoopa sand 

on Proterozoic granite to the north. 

The flatter terrain to the north and south of Egg Lagoon would limit groundwater 

accessions from the surrounding landscape (Map 4). Groundwater accession from the 

Taroona sand to the south contains higher salt loads compared to accessions from the 

same soil unit to the north, which was measured as non-saline. The hydrogeologic 

characteristics of the northern soil unit are unclear. Unlike the very- and extremely-saline 

soils that were measured on Taroona Sands (on Proterozoic granite) observed at Lake 

Flannigan (Map 3) and in the Pass River catchment (Map 5), the salt loads were lower on 

the same soil type and geology north of the Swamp soil at Egg Lagoon (Map 4). It is 

thought that the area is underlain by a fresh, local groundwater system sourced from the 

northern vegetated dune system (Map 4). Soil salinity in this area is classed as slight, and 

low levels were measured at sample hole 42, which averaged less than 2 dS/m from the 

surface down to 350 cm depth. 

Groundwater at sample hole 42 was intercepted during drilling at 140 cm depth and 

recorded a conductivity of 0.95 dS/m, much lower than groundwater conductivity 

assessed on the same soil type at Lake Flannigan, confirming different groundwater 

processes occur at the two sites. 

The climatic and geomorphic determinants related to salinisation on the Swamp soils at 

Reedy Lake and Egg Lagoon is shown in Figure 49 and Figure 50, respectively. Each are 

situated at about 5 km and 10 km from the west coast, respectively. Sea spray accessions 

have been estimated at half the theoretical range at each site due to the blocking of 

westerly winds by the dune system. Lateral flows on the aquiclude (coffee rock) followed 

by surface evaporation and concentration of salts at the surface at break-of-slope 

locations are key components of salinisation on Naracoopa sand at Reedy Lake, 
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conforming to the salinisation processes outlined on the undulating plains and slopes. In 

the basins, capillary rise by a shallow groundwater (causes 3 and 4, Table 7), which is 

determined by the flatness of the basins topography (cause number 2), will concentrate 

salts within the top few metres of soil in many areas of the basin. Salinisation in these 

areas conform to the processes already outlined in the Yellow Rock River basin, (Figure 

48), however, EC in the groundwater is lower at Reedy Lake (Figure 49) than at Egg 

Lagoon, which is attributed to the larger flat floodplain area at Egg Lagoon (Figure 50). 
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Figure 49: Salinisation model for the Swamp soils at Reedy Lake (Lake Flannigan). Refer 
to Figure 48 for the causes of salinity at the meso-scale in the basin. 
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Figure 50: Salinisation model for the Swamp soils at Egg Lagoon. Refer to Figure 48 for 
the causes of salinity at the meso-scale in the basin. 



   110

 

6.4.5. The near-coastal dunes 

Salinisation was not observed to occur on the Pleistocene and Holocene dune 

geology/Yambacoona and Currie calcareous sand soil type (Map 1). With minimal soil 

profile development on the Yambacoona sand, water and salt will percolate through the 

sandy textured soil to lower in the profile and into the underlying groundwater.  

No areas of the Holocene dunes with Currie calcareous sand soils were surveyed due to 

the steepness of the landscape. Given the similarity of this unit to the Yambacoona sand, 

and that there is no visual evidence of salinisation on this soil unit, there is little evidence 

to suggest the Currie calcareous sand is at risk of salinisation. However, the dune systems 

that occur at the western perimeter of the island are predicted to source a significant load 

of salt from west coast generated sea spray. It is hypothesised (though no actual data 

supports the supposition) that the dune systems restrict inland accessions of salt (Figure 

51). The salt concentration of the groundwater may be very high but occurs at a depth 

greater than could be assessed by the EM31 meter at the Lake Flannigan site.  
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Figure 51: Salinisation model for the Pleistocene old dune and Holocene new dune 
systems on King Island. 
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6.5. A summary of macro- and meso-scale salinisation on King 
Island 

Macro-scale salinisation was assessed across 15,420 hectares of King Island and a spatial 

map of salinity classes was produced at a scale of 1:238,000 (Map 2). Five areas were 

assessed at finer (meso-) scales, between 1:76,923 and 1:14,285. These enabled an analysis 

of the relationship between the location of highly saline soil (ECe above 8 dS/m) and the 

geology and soil units of the island. Summaries of these relationships are shown in Table 

8.  

Table 8: Associations between the geology and soil units on King Island and the 
occurrence of highly saline soil (>8 dS/m). 

Geological Units Soil Units Occurrence of 
highly saline 
soil (ECe > 8 
dS/m) 

Comment 

Holocene & 
Pleistocene dunes 

Currie calcareous 
sand, Yambacoona 
sand 

No Non-saline 

Undifferentiated 
Quaternary 
sediments 

Swamp soil, Taroona 
sand, Nugara sandy-
loam, Lappa sand 

Yes Location of highly 
saline soils is unknown 
beyond the areas 
directly surveyed. 

Proterozoic 
siltstone 

Pegarah fine sandy- 
loam 

No Non-saline 

Proterozoic shale Pegarah fine sandy- 
loam, Nugara sandy-
loam, Lappa sand 

Yes Locations of highly 
saline soils are related 
to topography and can 
be identified by terrain 
modelling of DEMs.  

Proterozoic granite 
(granodiorite 
composition) 

Nugara sandy-loam, 
Naracoopa sand, 
Taroona sand 

Yes Locations of highly 
saline soil is unrelated 
to topography and are 
found in all areas of the 
landscape. 

 

From these relationships it was possible to predict the location of soil salt across the 

island (Map 8), beyond the directly investigated sites. A subjective description was made 

based on the likelihood of encountering very-saline soil (ECe > 8 dS/m) at any depth 

between 0 - 350 cm. Areas are classed as either very likely, possible, or unlikely. 
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Classification boundaries are based on the island�s geology, and only the macro-scale 

model for the cause of salinisation based on broad aquifer characteristics (Table 7), but 

do not reflect the likelihood of any mid-slope barriers or landscape incision. 

Map 8 includes the 15,420 hectares that was directly surveyed by the EM31. The colours 

of the salinity class map have been changed whereby areas classed as very- and 

extremely-saline (> 8 dS/m) are shown in red (very likely) and all areas assessed at less 

than 8dS/m are shown in blue (unlikely). Profile curvature terrain modelling was 

undertaken on the DEM associated with the location of Proterozoic shale. Areas 

modelled as highly concave in the direction of the gradient were classed as very likely to 

contain very-saline soil. Areas modelled as highly convex were classed as unlikely to 

contain very-saline soil, although mid-slope barrier circumstances at particular sites 

would violate this. Transitional areas were classed as possibly containing very-saline soil.  

Areas underlain by Proterozoic granite are classed as very likely to contain very-saline soil 

in all parts of the landscape. From the results of this thesis, very-saline soil does occur in 

the undifferentiated Quaternary sediments, however, without direct assessment it is 

impossible to locate where in the landscape these stores exist. As such, these areas are 

classed as possibly containing very-saline soil. 

Using this system, of the islands 103,000 ha, 23.4 % is classed as very likely to contain 

very-saline soil, 18.6 % possibly contains very-saline soil and 58 % is classed as unlikely 

to contain very-saline soil. 

6.6. Micro-scale salinisation on King Island 

One of the purposes of this thesis was to use the observations of salinisation at the 

macro- and meso-scales in order to isolate the theoretical possibilities causing salinisation 

at the micro-scale. The possibilities are based on observations of the salinity depth trends 

at the 61 sample sites with increasing depth (Appendic C), and comparing these with the 

documented evidence of soil salinisation (Section 2.1).  

At the 61 sample sites the salinity profiles with increasing depth revealed that 26 sites 

exhibited an increasing salinity trend from the soil surface to 50 cm depth, signifying that 

surface salts are leached from the topsoil by percolation of rainwater. Topsoil is 

unaffected by salinisation from groundwater capillarity (Jenkins 1982; see also Figure 7, 

Section 2.2.2).  
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Map 8. The likelihood of encountering very- and extremely-saline soil between 0 - 
350 cm depth  
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Just over half of the sample sites (33) exhibited a decreasing salinity trend from the 

topsoil to 50 cm depth, signifying that salts are enriched in the near surface � they are not 

leached from the topsoil by percolation of rainwater and/or that the topsoil is unaffected 

by groundwater capillarity (e.g. Ayres and Westcot 1976; see also Figure 6, Section 2.2.1). 

The shallow, saline groundwater levels at the Yellow Rock River basin, at Egg Lagoon 

and at topographic lows on the lowland plains, is the cause of high salinity levels in the 

topsoil. However, these conditions do not adequately explain the situation at all of the 33 

sites. Eleven sample sites (25, 34, 36, 44, 45, 47, 48, 49, 51, 52 and 59) exhibited 

decreasing salt trends but were not situated at topographic lows or in areas classed as 

highly saline, and were not underlain by a shallow, highly saline groundwater (Figure 52 

shows six of these).  

The majority of these sample sites were located in the south east of the island, in areas 

classed as non-saline (Map 2). While the magnitude of salinity at the topsoil in most cases 

is low (classed as non-saline), it is the shape of the salinity profile and the proportion of 

salt in the topsoil (compared to salinity exhibited in the subsoil) that is of interest. Sample 

site 44 provides an interesting example (Figure 52). The topsoil was measured at 3.79 

dS/m whereas average salinity in the subsoil (0.5 � 3.0 m depth) was 0.58 dS/m. Thus, 

topsoil salinity is 6.5 times higher than salinity exhibited in the subsoil. The site is located 

in an area of very low salinity (Map 6) and basement rock restricted drilling beyond 300 

cm depth. Even if a very-saline groundwater was �hidden� in the fractured rock aquifer, 

capillarity is unlikely to affect the topsoil at this depth. Thus, macro- and upper meso-

scale salinisation models related to hydrogeology and groundwater capillarity (Table 7) 

are insufficient to explain the shape of the salinity profile at this site. 

Using the micro-scale salinisation model (Rengasamy 2002), sodic subsoil conditions (i.e. 

restrictive to water percolation) may exist at this site, causing transient salinity (Section 

2.2.2). At this point, it is worthwhile reiterating that there appears little to distinguish the 

essential physical characteristics inherent to Rengasamy�s transient salinity model (cause 

number 5, Table 7) from that caused by a perched water table (causes number 3 and 4, 

Table 7). Nonetheless, the similarities are that each requires the presence of a perched 

water table. In which case, at each of the 11 sample sites listed above (from which the 

salinity profiles of six are reproduced in Figure 52), no perched groundwater was  
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Figure 52: Soil sample sites that exhibited unconventional salinity profiles 

intercepted at the time of drilling (February 2005). Thus, both models are considered 

insufficient to explain the shape of the salinity profile at these sites. 

As such, by referring again to the table of possible causes of salinity (Table 7), we are left 

with only one other option (cause number 1) � that the high incidence of topsoil salinity 

compared to subsoil salinity is related to climatic events, specifically, that there had been 

an insufficient amount of rainfall to flush topsoil salt (and excessive evaporation) and salt 

is being concentrated at the very surface of the soil. This theory is an attractive one given 
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the excess in evaporation when compared to the amount of rainfall that fell over the 

study period (October 2004 - February 2005, Figure 31, Section 5.1). 

It is worth considering this conclusion in light of the limitations of the soil sampling 

methods. The major limitation is that the sampling has been done only once, and the 

salinity profiles are effectively a �snap-shot� of salinity at that particular point in time. 

There are no data captured at any other time to suggest that these salinity profiles are 

anything but temporary (or perhaps just transient, Rengasamy 2002) and that the salt 

would be flushed from the topsoil following a sufficient rainfall event. Nonetheless, the 

results show that there has been a lack of flushing causing a concentration of salt in the 

topsoil. The possibility of increased salinity due to falling rainfall and increased 

evaporation in the long-term due to climate change has been addressed (Section 6.3.1). If 

proven, the predicted drop in flushing rains is likely to exacerbate this style of salinisation 

in the future. 

Other theoretical explanations for the concentration of salt in the topsoil are supplied 

from the wider literature. Singleton and Addison (1999); Drewry et al. (2004); Drewry 

and Patton (2005), Twerdoff et al. (1999) and Mapfumo et al. (1999) all found that the 

topsoil becomes more compact under cattle grazing (i.e. at 5 � 10 cm depth in Allophanic 

and Gley soils, Singleton and Addison 1999; at 5 � 10 cm depth in a Mottled Fragic Pallic 

soil, Drewry et al. 2004; at 5 � 10 cm and 15 � 20 cm depth in a Fragic Pallic soil, Drewry 

and Patton 2005; at 0 �10 cm depth in a Orthic Black Chernozem, Twerdoff et al. 1999; 

at 0 � 2.5 cm depth in a Orthic Black Chernozem, Mapfumo et al. 1999). The greatest 

changes due to topsoil compaction were hydraulic conductivity decrease (by 80 %, 

Singleton and Addison 1999), and the decrease in the proportion of soil macro-pores (by 

46 %; Singleton and Addison 1999). 

Blackmore (1976) explains that where water (and dissolved salt) is transported through a 

soil, the water preferentially flows in the macro-pores between the structural units of the 

soil (the soil matrix). This was confirmed by Northey et al. (2006) and discussed in the 

literature review in this thesis. However, unlike Northey et al. (2006), who investigated 

the total concentration of salt in soil water, Blackmore (1976) investigated the movement 

of salt at a finer scale. He found that salt can be retained in the free moving water, can 

separate from the water and adsorb onto clay units in the soil matrix, or salts from the 

matrix can diffuse into the water. The processes that occur are dependent on the initial 
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salt concentrations of the water, salt content and cation exchange capacity at clay 

surfaces, and the porosity of the soil matrix.  

Where cattle grazing has increased topsoil compaction, a subsequent decrease in the 

volume of soil macro-pores occurs. Percolating water will have greater contact with the 

soil matrix, limiting recharge to the groundwater (Northey et al. 2006, Section 2.2.1). For 

instance, results at sample site 44 are consistent with salt being adsorbed from 

percolating water into the soil matrix, resulting in the higher salt content evident in the 

topsoil (Figure 53). Pan layers in some soil types will further restrict the leaching of salt 

to lower in the soil profile (Figure 53). This type of salinisation is an attractive hypothesis 

on King Island with a 100 yr history of grazing, although no measurements of soil 

compaction were attempted in this study. 

Topsoil salinity

Subsoil salinity

Soil compaction
from cattle, decreased 
macroporosity, increased 
matrix flow

Subsoil constraint
restricting percolation

 

Figure 53: A theoretical salinisation model occurring at the micro-scale in King Island 
soil.   

The theoretical possibilities associated with this scenario would apply across the entire 

agricultural areas of the island and would be enhanced on the Taroona, Lappa and 

Naracoopa sands due to their subsoil pan layers. Where these soil types occur on 

Proterozoic granite, which provides good physical and chemical properties to store salt 

within the soil matrix, salt may diffuse out of the soil matrix and into percolating water. 

The differing theories on the causes of salinity on King Island present a classic situation 

of relating the occurrence of salinisation across scales that ��is the central problem of 

biology and in all of science� (Levin 1992). The implications of this problem to the 

development of management strategies are discussed in the next section. 
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6.7. Scale and salinisation management – issues to consider 

In the introduction to this thesis it was stated that results at one scale do not necessarily 

apply at another scale and processes do not necessarily act in the same manner across 

scales (Levin 1992). The salinisation patterns identified by the EM methods have been 

used to identify salinisation between the scales of 1:238,000 (Map 2) through to a scale of 

1:14,285 (Map 3). The results and discussions implied a broad hydrogeological cause to 

salinisation at these scales (i.e. upper meso- and macro-scales).  

Across the island as a whole (macro-scale), a decrease in rainfall and an increase in 

potential evaporation, which may be associated with climate change, will result in less 

fresh rainfall to flush salt from the soil. The previous section identified that this process 

may already be occurring during the island�s summer months. Under a climate change 

scenario, this will constitute a greater cause of increased topsoil salinisation. Compared to 

2005 levels, in the year 2030 it has been estimated that there would be 10 % more salt in 

the topsoil in the Yellow Rock River basin. 

In the previous section the theoretical possibilities causing salinisation at a small patch of 

soil (1:1 scale) were discussed. Like macro- and meso-scale salinisation, salinisation at the 

micro-scale is also based on hydrology - the movement of dissolved salt in water. 

However, at the micro-scale the hydrology processes can operate differently from those 

at the macro- or meso-scale, and in this situation different causes may drive salinisation at 

each of the scales or, at the very least, that different causes may be stronger at one scale 

than another. At any single spot on the island, such as, for example, the lower Yellow 

Rock River basin, the topsoil (between 0 � 50 cm depth) may be subjected to increased 

salinisation through capillarity by a high and saline water table and also from soil 

compaction from cattle grazing, which may restrict water percolation through the soil. 

Increased evaporative potential through climate change will accentuate salinisation at all 

scales � forcing more ground water to precipitate salts within the topsoil and further 

reducing the flushing effect from fresher rainfall. 

The fundamental problem of scale is important when devising salinity management 

strategies. At this point it is timely to revisit the definition of salinisation management. It 

is �intervention needed to mitigate or control salinity� (Robins 2004, Section 1). Given 

�intervention� must occur at the earth�s surface, salinity management strategies designed 

to mitigate or control salinisation should only be informed by the causes presented at the 

scale relevant to the mode of intervention. As such, the most efficient salinisation 
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management needs to be informed by process causing salinisation at the micro-scale. 

Decisions based only on macro- or upper meso-scale information will be either partly or 

entirely erroneous because those causes (related to broad scale groundwater flows) may 

not match the cause at the micro-scale, where salinity management must ultimately occur. 

For example, if salinisation management on King Island were to be informed only by the 

salinity hazard map (Grice 1995), then management would be limited to the area of 

Nugara sandy-loam. Or, where decisions to resource salinisation management are made 

at the political level there will be no resources made available because, according to 

Grice, the island is considered more-or-less free from salt. As revealed by this study, this 

is not an accurate summation of salinity on the island. It is my understanding that the 

map from Grice (1995) has been used to determine resource allocation at the political 

level. And as a result, King Island has been excluded from participation in the National 

Action Plan for Salinity and Water Quality program (NAP, Section 2.5). The results 

presented in this thesis have shown Grice�s hazard map to be inaccurate, thus, it is 

reasonable to conclude that the past policy decision to exclude from the NAP may have 

also have been incorrect. 

It is worth noting that one of the goals of Grice�s salinity hazard map was to benchmark 

the condition of salinisation in order to assess the effectiveness of future management 

programs under the National Natural Resource Management Monitoring and Evaluation 

Framework (Section 2.5). As such, following the outcomes of this thesis, if salinisation is 

considered as soil ECe greater than 8 dS/m, it has increased in area from an estimated 

6,475 ha in 1995 to 23,868 ha in 2005. Either areas becoming saline are almost 

quadrupling every ten years (and someone should raise the alarm) or the methodologies 

used by Grice or myself have yielded inaccurate results.  

The primary purpose of this study was to challenge the prior understanding of the areal 

extent and severity of soil salinity on King Island. Prior to this study knowledge of soil 

salinity was constrained by a methodology that assumed entire land systems are geo-

homogeneous. While it is perhaps self-evident that this is not the case, the primary 

purpose of this study was to present clear objective evidence to challenge this 

assumption. 

The land system methodology should, by its very nature, identify a larger area affected by 

salinity than if one were to objectively identify the areal extent of salinity in the field. This 

is because the land systems method states that if a single salinity indicator were identified 
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within a land system then the entire land system is represented at the highest level of 

salinity risk identified. It should reasonably be expected that any identification of soil 

salinity at a finer scale, should find a smaller area affected by salinity within an entire land 

system. However, this was not the case on King Island. The finer scale assessment 

undertaken in this study identified a larger area affected by soil salinity than the total area 

identified by the land systems approach. 

This study has demonstrated beyond any reasonable scientific doubt that the land 

systems methods are of poor resolution when used to assign resources related to on-

ground salinity management.  

The determination and mapping of groundwater flow systems (GFS) characteristics is a 

meso-scale tool that has also been extensively used to aid decisions in salinity 

management. GFS informed salinisation management prioritises the resourcing of 

salinity management in local scale GFS (Robins et al. 2003). In this context, the salinity 

hazard identified from this thesis in the Proterozoic granite and shale units would be 

overlooked due to their occurrence in an intermediate scale GFS (Latinovic et al. 2002).  

It is worth noting that a GFS framework is currently being applied by NRM North to 

develop a salinisation management program on the mainland of Tasmania, and the 

project is being resourced under the NAP. Management decisions to date have included 

the replication of Latinovic et al’s (2002) GFS methodology to produce another GFS map 

at 1:100,000 scale (Hocking et al. 2005). From this map an area of about 10,000 ha was 

selected as a catchment for priority salinity management. At the time of writing, the GFS 

methodology is again being repeated to produce a map at 1:25,000 scale (M. Latinovic. 

verb. comm. 2006). I estimate the cost of the three GFS investigations at the three 

different scales is $1.5 M. The declining scale of the GFS maps indicates the 

acknowledgement of the limited use of macro- and meso-scale data at farm scales to 

enable any sort of decision-making on salinity intervention or mitigation. However, the 

GFS related work underway at the time of writing to produce a GFS map at a scale of 

1:25,000 is also unlikely to be of sufficient accuracy where the goal of management is to 

intervene and mitigate salinisation.  

In addition, the GFS framework is not based on objective data collection or analysis that 

is free from bias. It is ��semi-qualitative and perhaps subjective� (Latinovic et al. 2002). 

As such, GFS maps are ultimately based on anthropogenic qualities and cannot be 

replicated. Moreover, I cannot find any literature pertaining to any testing of the GFS 
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assignments being devised. It would appear that the GFS approach to salinity` 

management in Tasmania has been simply accepted and, aside from this study, has not 

been tested for accuracy at any scale. 

GFS information (such as deep drilling to 30 � 50 m to determine aquifer properties) is 

so far skewed to the broad meso- and macro-scale models of the causes of salinisation 

that the causes of salinisation at the micro-scale, which is also based on hydrology, are 

overlooked. As a result, modes of intervention are limited to techniques that match the 

scale of the GFS data such as broad-brush, engineering techniques like recharge control 

by groundwater pumping, revegetation over broad areas, or extensive drainage programs. 

However, the resources needed for such modes of intervention are so extensive as to 

minimise their use (i.e. I do not know of any projects in this regard that have been 

implemented in Tasmania at the scale relevant to match the data obtained under a GFS 

framework).  

Further, on King Island, data on GFS are very unlikely to be relevant to current farming 

practice (i.e. that is based on growing shallow rooted grass species) or to complement 

longer-term farm planning, which appears to be moving toward the implementation of 

some larger dam developments and pasture irrigation systems. The broad-brush, 

engineering techniques that have been outlined above are unlikely to be successful, 

particularly given the local council�s recent decision to ban the development of tree farms 

on the island (Abetz, 2006).  

The GFS information that has already been captured and mapped on the island has 

proven to be inaccurate at a scale relevant for farm or paddock-scale decision-making. In 

addition, there appears to be little advantage in pursuing this course of action where the 

goal is to implement salinity intervention or mitigation programs. 

Conversely, salinisation management informed by micro- and lower meso-scale causes 

must by its very nature consider the day-to-day realities of farm management and their 

impact on soil properties. Modes of salinity intervention or mitigation are based on the 

assumption that farm management continues to affect soil salinisation and must be 

tailored to the conditions present in the soil. Strategies of intervention at these scales 

could be developed by further investigations into: 

1. the effects of cattle grazing (pugging and compaction) on topsoil properties 

(Singleton and Addison 1999); 



   122

2. the incidence of transient salinity (Rengasamy 2005) and the impacts of subsoil 

layers on topsoil salinity (Stephens and Hosking 1932; Kidd 2001); 

3. the impacts of decreased macro-porosity on water infiltration, matrix flow and 

rates of cation exchange (has equilibrium been achieved at sample site 44?; 

Blackmore 1976);  

4. the rate of freshwater additions to groundwater and the stratification of a 

freshwater layer on saline groundwater (Northey et al. 2006); 

5. the preferential use of fresh groundwater by vegetation in summer (Northey et al. 

2006); 

6. the integration of deeper-rooted pasture mixes to increase soil macro-porosity 

and increase fresh groundwater recharge; and, 

7. the  adoption of grazing regimes that limit soil compaction, assuming this 

phenomenon is confirmed on King Island. 

The most appropriate areas on the island to implement further studies such as these is on 

farms located on soil exhibiting high salinity (i.e. on the Proteozoic granite, shale and 

undifferentiated Quatenary sediments). The results of studies such as these will feed 

directly into current farm management. Providing farmers with �paddock scale� 

information and suggestions as to on-farm management techniques will also encourage 

ownership of salinity issues and long-term management by landholders. Many of the 

techniques listed above are of a scale that can be more readily resourced. 

Government funding is not a long-term or sustainable solution. Landholder commitment 

will be maximised where links can be drawn between modes of intervention and land 

productivity. Only this will attract private investment and thus longer-term management. 

Mitigation techniques informed by investigations such as those listed above are also more 

likely to reflect the goals of the community and assist the effective sustainable 

management of the agricultural areas of King Island that may be threatened by salinity 

hazard.  
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Chapter 7. Conclusions 
 

 
The broad purpose of this study was to contribute to understanding the areal extent and 

magnitude of soil salinisation on King Island and to determine it causes in order that the 

community may be able to more effectively manage salinity into the future. 

To achieve this purpose, I considered it important to investigate salinity on the island at 

different scales. This acknowledges the problem of scale when studying spatial 

phenomena such as salinisation. That ��there is no single correct scale at which to view 

ecosystems�� means that the results at one scale do not necessarily apply at another 

scale and, processes do not necessarily act in the same manner across scales (Levin 1992). 

This thesis addressed the problem of scale by dividing the broad spectrum of the existing 

causes of salinity into three major classes: macro-, meso- and micro-scale (summarised in 

Table 9). In Table 9 the proposed cause of salinity at the micro-scale by topsoil 

compaction by cattle has been added to the original list outlined in Table 7 (refer to 

Section 6.4). 

Table 9: A summary of the causes of soil salinity at multiple spatial scales on King Island  

Principal 
scale of 
salinity 
cause 

Cause 
number 

Brief description 

1 Climatic: sea spray accessions and climate change � a 
decrease in rainfall and/or an increase in evaporation 
restricting salt flushing. 

Macro- 

2 Landscape and aquifer characteristics � the delineation of 
areas of salt accumulation. 

Meso- 3 and 4 Groundwater capillarity (3) and stratification (4) � the 
concentration of salt at certain depths in the soil. 

5 Transient salinity � the development (or not) of topsoil 
salinity due to a combination of rainfall and evaporation 
associated with a subsoil constraint to water percolation. 

Micro- 

6 Topsoil compaction � the increase in soil water matrix 
flow and the adsorption of salt onto clay colloids. 
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A review of the literature on the causes of salinity revealed that investigations of micro-

scale salinity models has not attracted the same amount of attention as studies into 

macro- and meso-scale causes, which are based primarily on the determination of broad 

aquifer properties. On King Island previous identification of salinity has been limited to a 

land systems and groundwater flow systems (GFS) methodology. These methods 

determined that two areas to the northeast of Currie and around Reekara in the island�s 

north central region were classed as moderately-saline (Grice 1995), and that the majority 

of the island falls within a regional scale GFS (Latinovic et al. 2002). These studies by 

Grice (1995) and Latinovic et al. (2002) are significant because they have guided the 

development of salinity management on the island for about the last ten years. Notably, 

they appear to be the principal sources of data used to determine that King Island was 

excluded from participation in the current national salinity management program, the 

National Action Plan for Salinity and Water Quality (Robins, 2004). 

With the advent of new technologies such as global positioning systems (GPS) and 

electromagnetic induction meters (EM) it is possible to directly assess soil conductivity in 

the field and correlate that with soil ECe. By further utilisation of geostatistical methods, 

it is possible to accurately identify the spatial locations of highly saline soil across the 

landscape. As such, salinity classification and mapping is possible at a scale sufficient to 

determine variability within land systems. In addition, because the mapping involved 

traversing the landscape at 100 m transects, it was also possible to visually check the 

characteristics of salinisation against Latinovic et al’s (2002) GFS characteristics. This 

allowed for a review of Grice�s (1995) and Latinovic et al’s (2002) findings, which 

provided a basis for a reappraisal of King Island�s exclusion from the NAP. Enabling a 

review of previous salinity management decisions has allowed for suggestions to be made 

as to how the Island�s residents may effectively manage salinity into the future. These 

areas constituted the detailed aims of this study.  

The automated EM survey included the capture of height above sea level data, and the 

construction of digital elevation models. By analysis of the geographic information layers; 

terrain modelling and climatic estimates of salt accession, it was possible to isolate the 

soil, geological, climatic and geomorphic determinants of salinity at the macro- and 

meso-scales across the island. By further analysis of the salinity profiles with increasing 

depth at the soil sample sites, it was possible to isolate the theoretical possibilities causing 

salinisation within the island�s soils at the micro-scale, both of which were aims of this 

study. 
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Across the entire island (103,000 hectares) Grice (1995) found that salinity was confined 

to the Nugara sandy-loam soil unit, which totals 6,475 hectares. As a result of the EM 

methods used in this study, 23,868 hectares of the island is classed as very- or extremely-

saline. The difference between the two estimates is 17,393 ha. It is unlikely that the area 

of salt affected soil would have increased by this amount in the eleven years since Grice�s 

study. As such, I conclude that Grice�s (1995) methodology did not accurately identify 

soil salinity on the island. Moreover, the spatial pattern of the salt affected soil was not 

restricted to the Nugara sandy-loam soil unit as stated by Grice (1995) but, rather, was 

widespread beyond the unit�s boundaries. As such, the land system boundaries do not 

correlate well with the location of salt affected soil.  

As was discussed in the previous section, it is reasonable to expect that a finer scale 

assessment of the areal extent of soil salinity within King Island�s land systems should find 

a smaller area affected by salinity than the total area of the saline affected land systems. 

However, this was not the case on King Island. The finer scale assessment undertaken in 

this study identified a larger area affected by soil salinity than the total area identified by 

the land systems approach. 

This conclusion should have major implications if one were to review prior soil salinity 

management policy on the Island and on mainland Tasmania where the land system 

methodology has been used extensively (and often exclusively) to apportion resources. If 

the results of this study are applied to mainland Tasmanian land systems then it is 

reasonable to conclude that resources have not been applied efficiently. 

Other macro-scale observations on the Island were that the major saline affected soils are 

located in soil formed from weathered granite, Proterozoic shale and in the low-lying 

undifferentiated quaternary sediments. Visual evidence gathered in the field showed that 

saline seeps occur on soil formed upon the granite and Proterozoic shale landscapes 

suggesting the existence of a local scale GFS. These lithologies had been incorrectly 

mapped as comprising only intermediate scale GFS (Latinovic et al. 2002). The presence 

of local scale GFS and the high levels of soil salinity associated with them suggests that 

any modification to the hydrologic regime in these areas is risking further salinisation.  

Across the island, five areas were found to contain salinity classed as high- and 

extremely-saline (ECe > 8dS/m). The spatial salinity data from each area was extracted 

from the main data set and analysed against geographic information layers between the 

scales of 1:76,923 (covering about 8,000 hectares) and 1:14,285 (covering about 200 
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hectares). The incidences of salinity were considered in the context of meso-scale causes 

(Table 9) by comparison of the spatial salinity data with the soil, geological and 

geomorphic settings at each site. 

Across the five sites, the location of high salinity was related to terrain morphology on 

the Proterozoic shale. Thus, areas subjected to high salinity, which were not directly 

assessed by EM methods, can be accurately predicted to occur at break-of-slope and 

broad, flat areas. Salinity was found to be less related to terrain morphology on soil 

formed on granite, therefore, high levels of salinity (an average to 350 cm depth) are 

predicted to occur in all areas of the granite landscapes. This was apparent at the Lake 

Flannigan, Yellow Rock River and Currie sites. An analysis of the shape of the soil 

salinity profile at increasing depth to 3.5 m at the soil sample sites confirmed that soil 

salinity may be primarily caused by capillary rise from shallow, highly saline water tables 

(causes 3 and 4) in the topographically lower areas of the island, which comprise mostly 

drained wetlands situated on undifferentiated Quaternary sediments. This was supported 

by the high conductivity of the water table at the time of soil sampling, where, 92 % of 

the groundwater samples were classed as highly-, very- or extremely-saline. However, it 

should be noted here that capillary rise was the only principal mechanism studied at this 

scale, which, for the purpose of this study that has a management focus, was defined by 

the Resource Condition Targets used under the National Natural Monitoring and 

Evaluation Framework�s NRM guidelines (section 2.5). 

Further analysis of the soil salinity profile was undertaken to isolate the theoretical 

possibilities that are causing salinisation within the island�s soils at the micro-scale. In this 

case, the majority of the soil salinity profiles at sixty-one soil sample sites revealed higher 

salt content at the soil surface than at 50 cm depth. Some profiles were caused by a high 

and saline water table (causes 3 and 4). However, fifteen of the profiles couldn�t be 

adequately explained in this way. A review of the salinity literature reveals that transient 

salinity (cause 5) as the probable cause of elevated topsoil salinity where high ground 

water tables are absent. As such, transient salinity may be the primary cause of topsoil 

salinisation where subsoil constraints (hard pans) exist on the Naracoopa, Lappa and 

Taroona sand soil types. However, further research would be required to confirm this. 

In addition to the transient salinity model, a wider review of the literature revealed that 

topsoil compaction by trampling by farm animals (and in particular cattle) occurs on a 

wide range of soil types, and that where soil water is in contact with soil particles, clays 
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adsorb salt from percolating water. As a result, the micro-scale salinisation model that I 

believe may be contributing to topsoil salinity on the island follows the following 

progression: 

cattle grazing→increased topsoil compaction (pugging) →decreased topsoil 

macro-pores→increased water ponding→evaporation→increased soil matrix 

flow→increased salt adsorption onto clays→increased topsoil salinity. 

However, though this model is supported by the wider scientific literature, and is an 

attractive one on King Island, which has undergone about 100 years of continuous cattle 

grazing, it remains unproven on the island. 

Across the island, it is likely that the cause of salinisation is due to a combination of all 

the salinisation models (Table 9). Within any particular soil on the island, at a micro-scale, 

it is likely that any, or all, of the identified causes may be driving salinisation. This brings 

us back to Levin�s (1992) problem of scale, which he described as the central problem 

��in all of science.� Perhaps not surprisingly, the incidence of salinity on King Island 

conforms to Levin�s (1992) theory that different patterns of salinity occur at different 

scales and each cause may be operating at each scale or, at least, is stronger at one scale 

than another. 

In a practical context, the problem of scale is mitigated by the definition of salinity 

management, which in this thesis is defined as �intervention needed to mitigate or control 

salinity� (Robins 2004). Given that �intervention� must ultimately occur at the surface of 

the Earth, it is logical that management strategies should only be informed by the causes 

of salinity occurring at a similar scale to the mode of intervention. The logical extension 

to this is that management at any scale must ultimately always occur at a point scale (i.e. 

broad scale intervention is a sum of many point scale interventions). 

However, the problem of scale and salinity management has received very little (if any) 

attention in the formulation of management strategies. The underlying theme to decision 

making appears to be based only on macro- and meso-scale causes. Salinity has been 

caused by a modification to the hydrologic regime due to the removal of vegetation 

(Wood 1924), and is expressed in certain parts of the landscape because of the underlying 

hydrogeological setting (Bettenay et al. 1964). As such, salinity management has been 

underscored by a general theme that restorations to the hydrological regime will cure 

salinised landscapes. This is most often attempted by using deeper-rooted perennial 



   128

vegetation to restrict recharge and thus lower groundwater levels. However, I believe this 

approach is overly simplistic as it ignores the fact that farming necessitates a changed 

hydrological regime. On King Island for example, farming practice is based on the 

production of grass, precluding the revegetation of large areas. Outlined in the literature 

review of this thesis, Barr (2002) stated that up to 90 % of a flat landscape would have to 

be reforested in order to achieve recharge control. This is impractical on King Island 

because of the primarily agricultural economy and because the local council has recently 

voted to disallow any plantation development on the island.  

Despite this, on King Island, decisions on salinity management to date have been based 

only on meso- and macro-scale data and processes (Grice 1995; Latinovic et al. 2002). 

The major decision has been to exclude King Island from the NAP program, which, 

based on the real extent of salinised soil on the island identified in this study, is incorrect. 

If Grice had accurately identified salinity on the island, I believe King Island would have 

been incorporated under the NAP program. The rationale for this is that Flinders Island, 

which participates in the NAP program, was assessed by Grice as having a smaller area 

affected by salinity than was identified on King Island in this study. However, the flaw in 

this rationale is that Flinders Island was also assessed using Grice�s (1995) land systems 

methodology and so, it is unknown what the real extent of soil salinity is on Flinders 

Island. This rationale can be further extended to the entire Tasmanian mainland where 

Grice�s land systems methodology was used to identify soil salt hazard. 

An additional external risk was identified from potential climate change (cause number 

1). The most severe climate change scenario predicts there will be less fresh rainfall to 

flush salt from the landscape by 2030 along with increased evaporation levels (increasing 

salt concentrations). It was calculated that an additional 1,688 tonnes of salt could 

remain in the Yellow Rock River basin system (7,500 hectares) in the year 2030 

compared to 2005 levels. This has been calculated as a 10 % increase in current topsoil 

salinity levels. Surface expressions of salinity are likely to be more prevalent in areas of 

already high salinity � the Proterozoic granite, shale and Quaternary sediments. Because 

of the unique impact of sea spray to King Island, consideration should be given to 

monitoring the extent of the effect, including monitoring salinity levels of rainfall, wind 

speed, sea spray and evaporation rates. 

Salinity management strategies need to be developed based on a more sophisticated 

understanding of how farming is affected by (and relies upon) a modified hydrologic 
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regime. Secondary salinity is indeed an unfortunate side effect of farming (Wood 1924). 

As such, its management needs to be based on a modification to existing farming 

practice, not an exclusion of areas in order to restore the hydrologic balance. 

Management practice needs to be informed by recent research, such as that of Northey et 

al. (2006), who found that micro-scale recharge (i.e. vertical recharge) of fresh water 

during wetter periods causes salt stratification of the groundwater, enabling vegetation 

survival during subsequent dry periods. Also, Singleton and Addison (1999) 

demonstrated that by implementing a modified cattle-grazing regime, soil compaction 

could be moderated. If a consequence of cattle grazing is elevated topsoil salinity, then 

altering grazing regimes may be an efficient approach to salinity management, which 

should also increase the productivity of grass.  

Agricultural activity affects the hydrological regime and can cause secondary salinity. A 

greater understanding of micro-scale effects will enable the further development of 

specific salinity management techniques, which incorporates on-farm management. 

Farmers have an incentive to manage on-farm salinity due to its detrimental impact on 

productivity, and the fact that mico- solutions are more readily affordable than large scale 

(macro-) intervention. This study has demonstrated that salinity varies horizontally across 

the landscape and vertically within the soil, and that not all salinisation is linked to a high 

water table. The incidence of salinity at any particular micro-scale on the island is likely to 

be due to several causes, which operate and impact at various scales. It would be 

preferable to develop salinity management strategies based on a detailed understanding 

of the different causes that operate at a micro-scale. Salinity management needs to be 

based on the specific spatial (vertical and horizontal) characteristics of the soil at a scale 

relevant to existing farm management practice. 
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Appendix A: Soil Sample Site Locations, Depth to Rock and 
Groundwater Salinity on King Island 

Sample hole 
number 

Easting 
(GDA 94) 

Northing 
(GDA 94) 

Depth to 
rock (cm) 

Depth to 
water (cm) 

Groundwater 
conductivity 

(dS/m) 
1 232293.20 232293.20 - 350.00 44.90 
2 232392.71 5579974.20 310.00 - - 
3 235676.32 5598753.50 - 150.00 20.50 
4 235772.14 5598746.10 - 270.00 14.70 
5 235664.00 5598659.00 - - - 
6 235905.00 5598672.00 310.00 - - 
7 237482.13 5598904.50 - 240.00 6.48 
8 237482.00 5598904.00 - - - 
9 237585.32 5598952.50 - 350.00 36.40 
10 237714.30 5599063.00 270.00 - - 
11 240069.22 5611286.50 - - - 
12 239859.16 5611304.90 - - - 
13 239799.00 5611214.0 - 170.00 6.25 
14 241930.30 5600529.70 - - - 
15 237998.07 5598930.30 270.00 - - 
16 238407.14 5598864.00 - - - 
17 232757.55 5577549.40 - - - 
18 233148.20 5577177.20 - 210.00 17.00 
19 235860.00 5557832.00 - 275.00 4.38 
20 235141.00 5557263.00 - 210.00 5.60 
21 242055.60 5610225.10 - 240.00 12.60 
22 243449.00 5605583.00 - 150.00 10.31 
23 243570.27 5604012.10 - - - 
24 243168.57 5603592.00 - 180.00 13.30 
25 242494.16 5598871.40 - - - 
26 240364.04 5597850.60 - 280.00 30.00 
27 235462.58 5597452.60 220.00 180.00 6.91 
28 235551.02 5592894.20 - - - 
29 242457.30 5597832.20 110.00 - - 
30 236354.42 5588906.9 - 320.00 Hole collapse
31 235060.88 5556872.40 - 200.00 8.12 
32 242107.20 5605979.90 310.00 190.00 4.50 
33 243522.36 5606193.70 - - - 
34 242324.63 5596103.90 - - - 
35 242275.00 5596794.00 - 200.00 29.40 
36 239427.00 5597121.00 - - - 
37 238635.63 5597283.10 - 210.00 15.15 
38 236542.37 5597533.70 170.00 170.00 28.70 
39 235754.00 5593431.00 330.00 - - 
40 233376.69 5579546.80 - 300.00 17.10 
41 233269.81 5580121.60 - - - 
42 233752.59 5575662.70 - 140.00 0.10 
43 235237.00 5557244.00 - 180.00 8.15 
44 243116.91 5608560.90 330.00 - - 
45 237031.00 5595363.00 130.00 - - 
46 237057.93 5576551.20 - 100.00 0.70 
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Sample hole 
number 

Easting 
(GDA 94) 

Northing 
(GDA 94) 

Depth to 
rock (cm) 

Depth to 
water (cm) 

Groundwater 
conductivity 

(dS/m) 
      

47 238292.02 5581912.90 - - - 
48 238407.58 5570793.10 - - - 
49 244367.50 5569699.30 280.00 - - 
50 243830.94 5561361.50 - 220.00 0.90 
51 249984.84 5570479.40 - - - 
52 251516.09 5572580.40 - 210.00 1.30 
53 249192.39 5582569.20 - - - 
54 248915.85 5588405.70 - - - 
55 237524.33 5599195.30 330.00 - - 
56 236905.22 5589161.10 - - - 
57 232757.22 5577273.50 - 270.00 12.80 
58 235712.41 5597032.50 - 180.00 5.30 
59 235984.82 5598795.00 75.00 - - 
60 237549.09 5598770.20 - 250.00 38.20 
61 244256.06 5569220.50 - - - 
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Appendix B: Soil Texture and Salinity  

 Texture class 

Air dry soil 
moisture. Per cent 

of wet soil (g) EC1:5 (dS/m)
Texture conversion 
factor (Taylor 1993) 

Derived ECe 
(dS/m) 

Hole 1           
0 Loam 19.55 0.65 10.00 6.53 

-50 Clay Loam 14.52 1.21 9.00 10.85 
-100 Clay Loam 16.38 1.88 9.00 16.93 
-150 Clay Loam Sandy 14.59 2.32 9.00 20.88 
-200 Clay Loam Sandy 14.10 1.93 9.00 17.34 
-250 Light Medium Clay 16.57 2.21 8.00 17.68 
-300 Silty Loam 17.45 2.43 10.00 24.30 
-350 Silty Loam 7.48 1.44 10.00 14.42 

Hole 2           
0 Clayey Sand 4.87 0.52 14.00 7.22 

-50 Light Clay 18.44 1.56 8.50 13.24 
-100 Light Clay 14.87 1.42 8.50 12.07 
-150 Sandy Clay Loam 14.13 1.51 9.00 13.60 
-200 Sandy Clay Loam 11.08 1.19 9.00 10.75 
-250 Sandy Clay Loam 12.89 1.53 9.00 13.83 
-300 Sandy Clay Loam 12.69 1.37 9.00 12.35 

Hole 3           
0 Loamy Sand 14.63 1.82 17.00 30.91 

-50 Clay Loam Sandy 12.50 1.35 9.00 12.16 
-100 Clay Loam Sandy 18.64 2.24 9.00 20.16 
-150 Clay Loam Sandy 14.07 1.64 9.00 14.72 
-200 Clay Loam Sandy 12.58 1.71 9.00 15.41 
-250 Clayey Sand 15.80 2.08 14.00 29.12 
-300 Clayey Sand 15.82 1.94 14.00 27.10 
-350 Sandy Loam 18.84 2.36 14.00 33.04 

Hole 4           
0 Sandy Loam 24.45 2.03 14.00 28.42 

-50 Sandy Clay Loam 18.35 1.78 9.00 16.04 
-100 Sandy Clay Loam 19.16 1.78 9.00 16.01 
-150 Clayey Sand 16.18 0.96 14.00 13.43 
-200 Clayey Sand 18.48 1.06 14.00 14.85 
-250 Clayey Sand 16.86 1.2 14.00 16.80 
-300 Loamy Sand 14.62 0.92 17.00 15.56 
-350 Loamy Sand 16.24 1.05 17.00 17.90 

Hole 5           
0 Clay Sand 21.46 0.26 14.00 3.61 

-50 Loamy Sand 2.24 0.06 17.00 1.02 
-100 Clay Loam Sandy 10.65 0.31 9.00 2.79 
-150 Clay Loam Sandy 10.45 0.33 9.00 2.93 
-200 Loamy Sand 13.63 0.34 17.00 5.70 
-250 Loamy Sand 17.28 0.69 17.00 11.80 
-300 Loamy Sand 14.72 0.67 17.00 11.88 
-350 Loamy Sand 13.52 0.68 17.00 11.63 
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 Texture class 

Air dry soil 
moisture. Per cent 

of wet soil (g) EC1:5 (dS/m)
Texture conversion 
factor (Taylor 1993) 

Derived ECe 
(dS/m) 

      
Hole 6           

0 Loam 14.40 0.36 10.00 3.58 
-50 Silty Clay Loam 8.91 0.67 9.00 6.03 
-100 Light Clay 12.30 1.31 8.50 11.17 
-150 Medium Clay 17.35 0.78 7.00 5.47 
-200 Heavy Clay 14.55 0.61 6.00 3.68 
-250 Clayey Sand 16.72 0.38 14.00 5.29 
-300 Loamy Sand 18.76 0.40 17.00 6.85 

Hole 7           
0 Sandy Loam 15.45 0.11 14.00 1.49 

-50 Clay Loam Sandy 11.96 0.32 9.00 2.85 
-100 Clay Loam Sandy 20.46 1.19 9.00 10.72 
-150 Light Medium Clay 18.67 1.01 8.00 8.06 
-200 Heavy Clay 25.20 1.00 6.00 6.02 
-250 Clayey Sand 22.02 0.48 14.00 6.78 
-300 Clay Loam Sandy 17.63 0.34 9.00 3.02 
-350 Clay Loam Sandy 18.72 0.34 9.00 3.10 

Hole 8           
0 Clayey Sand 13.91 0.14 14 2.03 

-50 Sandy Clay Loam 13.55 0.60 9.00 5.42 
-100 Light Clay 10.95 1.39 8.50 11.80 
-150 Light Clay 14.28 1.86 8.50 15.84 
-200 Light Clay 11.76 2.02 8.50 17.17 
-250 Light Clay 12.68 1.18 8.50 10.05 
-300 Light Clay 12.64 1.27 8.50 10.83 
-350 Light Clay 14.95 0.78 8.50 6.62 

Hole 9           
0 Loamy Sand 6.95 0.53 17.00 9.06 

-50 Clay Loam 9.04 0.32 9.00 2.90 
-100 Clay Loam Sandy 8.03 0.96 9.00 8.60 
-150 Clay Loam Sandy 2.24 1.23 9.00 11.08 
-200 Silty Loam 8.98 1.03 10.00 10.28 
-250 Silty Loam 15.31 1.24 10.00 12.40 
-300 Sandy Clay Loam 10.43 1.51 9.00 13.63 
-350 Sandy Clay Loam 5.11 0.94 9.00 8.47 

Hole 10           
0 Sandy Loam 2.72 0.06 14.00 0.85 

-50 Clay Loam 12.06 0.66 9.00 5.95 
-100 Silty Clay Loam 13.91 1.07 9.00 9.66 
-150 Loamy Sand 3.19 0.32 17.00 5.41 
-200 Loamy Sand 4.60 0.42 17.00 7.21 
-250 Loamy Sand 16.84 0.32 17.00 5.44 
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 Texture class 

Air dry soil 
moisture. Per cent 

of wet soil (g) EC1:5 (dS/m)
Texture conversion 
factor (Taylor 1993) 

Derived ECe 
(dS/m) 

Hole 11           
0 Loam 20.97 3.11 10.00 31.10 

-50 Clayey Sand 6.62 1.21 14.00 16.88 
-100 Heavy Clay 14.12 2.70 6.00 16.20 
-150 Clay Loam Sandy 12.86 1.81 9.00 16.33 
-200 Clay Loam Sandy 14.18 1.93 9.00 17.40 
-250 Clay Loam Sandy 15.12 2.18 9.00 19.62 
-300 Sandy Clay Loam 14.00 1.65 9.00 14.81 
-350 Sandy Clay Loam 6.77 0.91 9.00 8.17 

Hole 12           
0 Loam 32.06 1.92 10.00 19.16 

-50 Clay Loam 25.24 1.34 9.00 12.04 
-100 Medium Clay 35.53 1.83 7.00 12.83 
-150 Sand 22.03 0.73 17.00 12.39 
-200 Sand 28.19 1.96 17.00 33.29 
-250 Sand 23.95 1.65 17.00 28.08 
-300 Sand 21.67 1.41 17.00 24.02 
-350 Sand 23.90 1.27 17.00 21.51 

Hole 13           
0 Clay Loam Sandy 13.58 0.53 9.00 4.80 

-50 Clay Loam Sandy 13.21 1.24 9.00 11.16 
-100 Medium Clay 14.61 1.69 7.00 11.84 
-150 Medium Clay 16.17 1.82 7.00 12.71 
-200 Medium Clay 16.20 2.09 7.00 14.63 
-250 Medium Clay 17.30 1.06 7.00 7.39 
-300 Light Clay 16.70 0.79 8.50 6.69 
-350 Loamy Sand 19.50 0.61 17.00 10.40 

Hole 14           
0 Loam 7.53 0.16 10.00 1.64 

-50 Clay Loam 8.64 0.30 9.00 2.74 
-100 Light Clay 11.88 1.41 8.50 11.99 
-150 Light Clay 14.90 2.47 8.50 21.00 
-200 Light Clay 12.55 1.64 8.50 13.91 
-250 Light Clay 15.13 1.57 8.50 13.32 
-300 Light Clay 15.12 0.65 8.50 5.51 
-350 Light Clay 13.63 0.48 8.50 4.08 

Hole 15           
0 Clayey Sand 14.60 1.95 14.00 27.29 

-50 Clay Loam Sandy 12.34 1.08 9.00 9.73 
-100 Clay Loam Sandy 12.63 2.13 9.00 19.17 
-150 Clay Loam Sandy 11.62 1.68 9.00 15.16 
-200 Clayey Sand 26.32 0.95 14.00 13.31 
-250 Clayey Sand 29.86 0.89 14.00 12.43 
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 Texture class 

Air dry soil 
moisture. Per cent 

of wet soil (g) EC1:5 (dS/m)
Texture conversion 
factor (Taylor 1993) 

Derived ECe 
(dS/m) 

Hole 16           
0 Clayey Sand 14.85 0.06 14.00 1.06 

-50 Sandy Clay Loam 8.47 0.25 9.00 2.26 
-100 Silty Clay Loam 14.06 0.80 9.00 7.19 
-150 Silty Clay Loam 19.40 0.81 9.00 7.29 
-200 Silty Clay Loam 15.96 1.04 9.00 9.34 
-250 Sandy Clay Loam 6.09 0.60 9.00 5.37 
-300 Sandy Clay Loam 5.43 0.60 9.00 5.36 
-350 Sandy Clay Loam 3.54 0.47 9.00 4.23 

Hole 17           
0 Clay Loam 8.18 0.09 9.00 0.79 

-50 Light Clay 9.36 0.09 8.50 0.80 
-100 Light Clay 12.08 0.71 8.50 6.06 
-150 Silty Clay Loam 18.55 1.24 9.00 11.19 
-200 Silty Clay Loam 18.48 1.04 9.00 9.39 
-250 Silty Clay Loam 11.00 0.70 9.00 6.27 
-300 Clay Loam 16.14 0.96 8.50 8.18 
-350 Sandy Clay Loam 14.32 0.99 9.00 8.78 

Hole 18           
0 Sand 0.16 0.08 17.00 1.35 

-50 Light Clay 18.84 0.74 8.50 6.27 
-100 Light Clay 16.73 0.74 8.50 6.30 
-150 Light Clay 14.05 0.67 8.50 5.83 
-200 Silty Clay Loam 12.72 0.77 9.00 6.89 
-250 Silty Loam 11.05 0.66 10.00 6.64 
-300 Silty Loam 11.73 0.77 10.00 7.67 
-350 Clay Loam Sandy 6.45 0.55 9.00 4.91 

Hole 19           
0 Sandy Loam 58.45 3.49 14.00 48.86 

-50 Sandy Clay Loam 47.54 3.53 9.00 31.77 
-100 Clay Loam Sandy 43.35 1.20 9.00 10.77 
-150 Clay Loam Sandy 16.91 0.81 9.00 7.25 
-200 Clayey Sand 20.34 0.73 14.00 10.15 
-250 Sandy Clay Loam 18.52 0.73 9.00 6.58 
-300 Loamy Sand 20.71 0.73 17.00 12.48 
-350 Sand 17.67 0.58 17.00 9.81 

Hole 20           
0 Sandy Loam 19.16 0.69 14.00 9.66 

-50 Clay Loam Sandy 11.88 1.40 9.00 12.56 
-100 Clay Loam Sandy 17.56 1.39 9.00 12.51 
-150 Sandy Loam 16.59 1.36 14.00 19.10 
-200 Sandy Clay Loam 16.84 1.27 9.00 11.43 
-250 Clayey Sand 12.48 0.76 14.00 10.61 
-300 Sandy Clay Loam 14.60 0.64 9.00 5.75 
-350 Clayey Sand 16.71 0.89 14.00 12.43 
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 Texture class 

Air dry soil 
moisture. Per cent 

of wet soil (g) EC1:5 (dS/m)
Texture conversion 
factor (Taylor 1993) 

Derived ECe 
(dS/m) 

Hole 21           
0 Clay Sand 10.18 0.23 14.00 3.16 

-50 Clay Sand 1.77 0.07 14.00 1.02 
-100 Clay Loam Sandy 12.08 0.68 9.00 6.11 
-150 Clay Loam Sandy 13.14 1.14 9.00 10.24 
-200 Sandy Loam 13.33 1.01 14.00 14.18 
-250 Clay Loam Sandy 12.23 1.03 9.00 9.24 
-300 Light Clay 13.64 1.06 8.50 9.03 
-350 Light Clay 11.98 0.98 8.50 8.36 

Hole 22           
0 Clayey Sand 14.70 2.14 14.00 29.96 

-50 Sandy Loam 8.26 1.25 14.00 17.43 
-100 Clay Loam Sandy 12.69 1.70 9.00 15.26 
-150 Clay Loam Sandy 17.60 0.95 9.00 8.52 
-200 Loamy Sand 19.09 0.66 17.00 11.20 
-250 Clayey Sand 15.84 0.60 14.00 8.46 
-300 Clayey Sand 12.59 0.74 14.00 10.39 
-350 Clayey Sand 12.47 0.57 14.00 7.99 

Hole 23           
0 Sandy Clay Loam 12.84 0.09 9.00 0.84 

-50 Light Clay 13.26 0.25 8.50 2.16 
-100 Sandy Clay Loam 12.79 0.11 9.00 1.02 
-150 Clayey Sand 21.16 0.30 14.00 4.17 
-200 Sand 10.02 1.07 17.00 18.19 
-250 Sand 15.21 1.24 17.00 21.00 
-300 Clayey Sand 16.30 0.80 14.00 11.17 
-350 Loamy Sand 21.39 2.13 17.00 36.21 

Hole 24           
0 Sandy Loam 23.30 0.28 14.00 3.93 

-50 Medium Clay 20.38 0.44 7.00 3.11 
-100 Medium Clay 21.72 1.15 7.00 8.04 
-150 Sandy Clay Loam 20.14 1.00 9.00 9.03 
-200 Sand 22.38 0.64 17.00 10.86 
-250 Clayey Sand 23.16 1.38 14.00 19.28 
-300 Clayey Sand 38.26 2.31 14.00 32.34 
-350 Loamy Sand 28.36 1.73 17.00 29.34 

Hole 25           
0 Clayey Sand 27.78 0.12 14.00 1.71 

-50 Sand 11.93 0.04 17.00 0.60 
-100 Sandy Loam 12.49 0.07 14.00 1.03 
-150 Silty Clay Loam 8.22 0.13 9.00 1.16 
-200 Silty Clay Loam 21.74 0.10 9.00 0.87 
-250 Silty Clay Loam 10.96 0.13 9.00 1.13 
-300 Silty Clay Loam 8.39 0.07 9.00 0.62 
-350 Sandy Loam 12.79 0.07 14.00 0.95 
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 Texture class 

Air dry soil 
moisture. Per cent 

of wet soil (g) EC1:5 (dS/m)
Texture conversion 
factor (Taylor 1993) 

Derived ECe 
(dS/m) 

Hole 26           
0 Loamy Sand 21.65 0.13 17.00 2.19 

-50 Sandy Loam 16.12 0.10 14.00 1.43 
-100 Sandy Loam 10.18 0.58 14.00 8.16 
-150 Sandy Clay Loam 15.26 0.80 9.00 7.17 
-200 Sandy Clay Loam 17.72 1.01 9.00 9.80 
-250 Sandy Clay Loam 21.74 1.93 9.00 17.35 
-300 Silty Loam 24.28 2.42 10.00 24.20 
-350 Clay Sand 18.25 2.04 14.00 28.56 

Hole 27           
0 Clay Loam 13.29 0.24 9.00 2.13 

-50 Medium Clay 13.08 0.13 7.00 0.93 
-100 Clay Loam Sandy 21.02 0.35 9.00 3.16 
-150 Clay Sand 13.69 0.92 14.00 12.88 
-200 Sandy Loam 13.53 0.64 14.00 8.96 

Hole 28           
0 Sand 1.31 0.08 17.00 1.38 

-50 Loamy Sand 4.68 0.16 17.00 2.79 
-100 Clay Loam Sandy 13.70 0.94 9.00 8.44 
-150 Clay Loam Sandy 12.34 0.81 9.00 7.31 
-200 Clay Loam Sandy 12.09 0.81 9.00 7.28 
-250 Clay Loam Sandy 11.76 1.11 9.00 9.97 
-300 Clay Loam Sandy 9.64 1.27 9.00 11.46 
-350 Clay Loam Sandy 15.92 1.64 9.00 14.74 

Hole 29           
0 Sand 6.86 0.20 17.00 3.35 

-50 Loamy Sand 8.05 0.30 17.00 5.02 
-100 Loamy Sand 6.40 0.11 17.00 1.83 

Hole 30           
0 Sandy Loam 18.52 0.42 14.00 5.88 

-50 Clay Loam Sandy 17.42 0.53 9.00 4.75 
-100 Clay Loam Sandy 24.33 0.61 9.00 5.45 
-150 Sandy Loam 15.84 0.46 14.00 6.37 
-200 Sandy Loam 14.46 0.32 14.00 4.52 
-250 Clay Loam Sandy 18.10 0.37 9.00 3.36 
-300 Sandy Loam 17.30 0.28 14.00 3.88 
-350 Loamy Sand 19.21 0.27 17.00 4.51 

Hole 31           
0 Loam 16.86 0.16 10.00 1.62 

-50 Sandy Clay Loam 12.13 0.19 9.00 1.69 
-100 Sandy Clay Loam 12.19 0.29 9.00 2.64 
-150 Sandy Loam 17.62 0.29 14.00 3.99 
-200 Sandy Clay Loam 20.29 0.46 9.00 4.14 
-250 Light Medium Clay 18.44 0.54 8.00 4.30 
-300 Loamy Sand 21.78 0.66 17.00 11.22 
-350 Loamy Sand 20.59 0.59 17.00 9.96 
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 Texture class 

Air dry soil 
moisture. Per 

cent of wet soil 
(g) EC1:5 (dS/m)

Texture conversion 
factor (Taylor 1993) 

Derived ECe 
(dS/m) 

Hole 32           
0 Loam 12.80 0.34 10.00 3.38 

-50 Silty Clay Loam 12.60 0.27 9.00 2.42 
-100 Light Clay 22.64 0.48 8.50 4.09 
-150 Loamy Sand 14.97 0.24 17.00 4.01 
-200 Loamy Sand 13.36 0.32 17.00 5.42 
-250 Loamy Sand 18.71 0.65 17.00 10.98 
-300 Clayey Sand 19.95 0.71 14.00 9.88 

Hole 33           
0 Loam 8.67 0.51 10.00 5.10 

-50 Silty Loam 9.30 0.83 10.00 8.30 
-100 Silty Loam 18.58 1.07 10.00 10.66 
-150 Silty Loam 24.03 1.40 10.00 13.96 
-200 Silty Loam 20.91 1.25 10.00 12.54 
-250 Silty Loam 4.87 0.50 10.00 4.96 
-300 Silty Loam 8.54 0.67 10.00 6.74 
-350 Silty Loam 11.05 0.81 10.00 8.06 

Hole 34           
0 Sandy Loam 12.76 0.47 14.00 6.55 

-50 Sandy Loam 12.50 0.30 14.00 4.21 
-100 Sandy Loam 9.05 0.26 14.00 3.70 
-150 Clay Loam Sandy 11.63 0.36 9.00 3.21 
-200 Sandy Loam 14.35 0.39 14.00 5.47 
-250 Loamy Sand 13.02 0.27 17.00 4.62 
-300 Loamy Sand 15.36 0.28 17.00 4.78 
-350 Loamy Sand 13.51 0.43 17.00 7.24 

Hole 35           
0 Loam 14.09 0.48 10.00 4.76 

-50 Sandy Loam 13.10 0.23 14.00 3.19 
-100 Light Clay 15.37 0.80 8.50 6.81 
-150 Sandy Loam 17.47 1.41 14.00 19.74 
-200 Loamy Sand 16.30 1.32 17.00 22.44 
-250 Clayey Sand 10.87 0.72 14.00 10.05 
-300 Clayey Sand 13.45 0.90 14.00 12.53 
-350 Clayey Sand 14.33 0.96 14.00 13.48 

Hole 36           
0 Loam 7.67 0.77 10.00 7.68 

-50 Silty Loam 6.53 0.33 10.00 3.25 
-100 Silty Clay Loam 14.23 0.49 9.00 4.45 
-150 Silty Clay Loam 18.11 0.72 9.00 6.49 
-200 Silty Loam 17.07 0.72 10.00 7.22 
-250 Silty Loam 19.26 0.76 10.00 7.63 
-300 Silty Loam 21.14 0.82 10.00 8.17 
-350 Sandy Clay Loam 11.35 0.42 9.00 3.80 
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 Texture class 

Air dry soil 
moisture. Per 

cent of wet soil 
(g) EC1:5 (dS/m)

Texture conversion 
factor (Taylor 1993) 

Derived ECe 
(dS/m) 

Hole 37           
0 Silty Loam 17.32 1.16 10.00 11.57 

-50 Light Clay 13.00 0.43 8.50 3.62 
-100 Light Clay 22.63 0.94 8.50 7.99 
-150 Light Clay 23.83 1.30 8.50 11.08 
-200 Light Clay 22.04 1.43 8.50 12.11 
-250 Sandy Loam 22.29 1.36 14.00 19.10 
-300 Sandy Loam 17.23 1.05 14.00 14.66 
-350 Sandy Loam 18.42 1.13 14.00 15.78 

Hole 38           
0 Sandy Clay Loam 15.07 0.76 9.00 6.83 

-50 Sandy Clay Loam 13.56 1.14 9.00 10.29 
-100 Clay Loam Sandy 11.96 1.25 9.00 11.21 
-150 Clay Loam Sandy 12.28 1.15 9.00 10.34 

Hole 39           
0 Clayey Sand 31.32 1.07 14.00 14.91 

-50 Clayey Sand 20.62 1.11 14.00 15.58 
-100 Clay Loam Sandy 17.06 1.44 9.00 12.99 
-150 Clay Loam Sandy 12.30 1.78 9.00 16.01 
-200 Clayey Sand 23.75 0.90 14.00 12.59 
-250 Clayey Sand 17.33 0.90 14.00 12.56 
-300 Clayey Sand 28.38 0.74 14.00 10.29 

Hole 40           
0 Sandy Clay Loam 3.72 0.23 9.00 2.09 

-50 Clay Loam Sandy 14.41 0.52 9.00 4.71 
-100 Clay Loam Sandy 15.24 0.59 9.00 5.29 
-150 Clay Loam Sandy 17.47 0.73 9.00 6.59 
-200 Clay Loam Sandy 17.85 0.82 9.00 7.38 
-250 Sandy Clay Loam 21.21 1.13 9.00 10.17 
-300 Sandy Clay Loam 14.62 0.83 9.00 7.49 
-350 Sandy Clay Loam 13.93 0.90 9.00 8.10 

Hole 41           
0 Clayey Sand 2.53 0.09 14.00 1.33 

-50 Light Clay 12.33 0.44 8.50 3.71 
-100 Sandy Clay Loam 9.87 0.38 9.00 3.45 
-150 Sandy Clay Loam 11.37 0.45 9.00 4.07 
-200 Silty Loam 24.18 1.05 10.00 10.45 
-250 Silty Loam 25.75 1.25 10.00 12.48 
-300 Silty Loam 18.33 1.58 10.00 15.84 
-350 Silty Loam 19.49 1.76 10.00 17.56 
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 Texture class 

Air dry soil 
moisture. Per 

cent of wet soil 
(g) EC1:5 (dS/m)

Texture conversion 
factor (Taylor 1993) 

Derived ECe 
(dS/m) 

Hole 42           
0 Clayey Sand 3.91 0.09 14.00 1.23 

-50 Loamy Sand 2.93 0.04 17.00 0.60 
-100 Clayey Sand 8.79 0.10 14.00 1.41 
-150 Sandy Clay Loam 12.52 0.20 9.00 1.80 
-200 Sandy Loam 11.72 0.12 14.00 1.71 
-250 Sand 14.72 0.11 17.00 1.88 
-300 Sandy Loam 10.62 0.11 14.00 1.60 
-350 Sandy Clay Loam 10.40 0.12 9.00 1.05 

Hole 43           
0 Loam 11.81 0.36 10.00 3.60 

-50 Clay Loam 15.26 0.48 9.00 4.28 
-100 Sandy Loam 20.79 0.46 14.00 6.41 
-150 Sandy Loam 16.08 0.34 14.00 4.73 
-200 Loamy Sand 18.46 0.43 17.00 7.33 
-250 Sand 11.53 0.24 17.00 4.01 
-300 Sand 14.60 0.33 17.00 5.68 
-350 Loamy Sand 18.38 0.47 17.00 7.92 

Hole 44           
0 Silty Loam 6.80 0.38 10.00 3.79 

-50 Silty Loam 7.25 0.14 10.00 1.43 
-100 Silty Loam 14.04 0.04 10.00 0.39 
-150 Silty Clay Loam 8.38 0.05 9.00 0.48 
-200 Silty Clay Loam 19.94 0.06 9.00 0.50 
-250 Silty Clay Loam 18.87 0.04 9.00 0.38 
-300 Silty Clay Loam 17.28 0.04 9.00 0.35 

Hole 45           
0 Sandy Loam 6.83 0.16 14.00 2.24 

-50 Clay Loam 5.46 0.12 9.00 1.06 
-100 Clay Loam 5.85 0.10 9.00 0.90 

Hole 46           
0 Loam 62.85 0.92 10.00 9.16 

-50 Loam 71.17 0.73 10.00 7.28 
-100 Sandy Loam 35.84 0.22 14.00 3.12 
-150 Sandy Loam 24.40 0.13 14.00 1.84 
-200 Sandy Loam 30.32 0.14 14.00 1.98 
-250 Loamy Sand 30.03 0.13 17.00 2.20 
-300 Loamy Sand 14.51 0.05 17.00 0.82 
-350 Clayey Sand 19.34 0.22 14.00 3.12 
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 Texture class 

Air dry soil 
moisture. Per 

cent of wet soil 
(g) EC1:5 (dS/m)

Texture conversion 
factor (Taylor 1993) 

Derived ECe 
(dS/m) 

Hole 47           
0 Clay Loam 21.97 0.14 9.00 1.30 

-50 Clay Loam 28.90 0.10 9.00 0.89 
-100 Clay Loam 14.37 0.10 9.00 0.92 
-150 Silty Clay Loam 13.13 0.07 9.00 0.62 
-200 Silty Clay Loam 14.40 0.04 9.00 0.34 
-250 Silty Clay Loam 17.07 0.04 9.00 0.33 
-300 Silty Clay Loam 14.10 0.02 9.00 0.22 
-350 Silty Clay Loam 12.00 0.01 9.00 0.24 

Hole 48           
0 Loam 3.85 0.11 10.00 1.13 

-50 Clay Loam 31.70 0.06 9.00 0.56 
-100 Clay Loam 18.15 0.06 9.00 0.51 
-150 Silty Clay Loam 16.91 0.05 9.00 0.44 
-200 Silty Clay Loam 21.00 0.05 9.00 0.47 
-250 Silty Clay Loam 17.64 0.04 9.00 0.38 
-300 Silty Clay Loam 2.86 0.04 9.00 0.34 
-350 Silty Clay Loam 21.54 0.04 9.00 0.34 

Hole 49           
0 Loam 10.47 0.14 10.00 1.41 

-50 Silty Clay Loam 29.95 0.11 9.00 0.98 
-100 Light Medium Clay 24.85 0.10 8.00 0.83 
-150 Sandy Clay Loam 18.93 0.08 9.00 0.72 
-200 Clay Loam Sandy 14.99 0.06 9.00 0.52 
-250 Clay Loam Sandy 18.84 0.09 9.00 0.79 

Hole 50           
0 Loamy Sand 5.17 0.05 17.00 0.88 

-50 Loamy Sand 27.09 0.03 17.00 0.49 
-100 Clayey Sand 17.42 0.04 14.00 0.55 
-150 Sandy Clay Loam 11.32 0.06 9.00 0.50 
-200 Sandy Clay Loam 15.77 0.14 9.00 1.31 
-250 Clayey Sand 16.95 0.29 14.00 4.06 
-300 Clayey Sand 9.04 0.34 14.00 4.73 
-350 Silty Clay Loam 19.85 0.09 9.00 0.83 

Hole 51           
0 Clayey Sand 14.82 0.12 14.00 1.63 

-50 Loamy Sand 16.28 0.02 17.00 0.30 
-100 Loamy Sand 11.84 0.07 17.00 1.21 
-150 Light Clay 10.51 0.04 8.50 0.37 
-200 Silty Clay Loam 15.48 0.06 9.00 0.51 
-250 Silty Clay Loam 16.97 0.12 9.00 1.05 
-300 Silty Clay Loam 16.14 0.18 9.00 1.59 
-350 Silty Clay Loam 19.49 0.08 9.00 0.73 
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 Texture class 

Air dry soil 
moisture. Per 

cent of wet soil 
(g) EC1:5 (dS/m)

Texture conversion 
factor (Taylor 1993) 

Derived ECe 
(dS/m) 

Hole 52           
0 Sandy Loam 16.97 0.14 14.00 1.91 

-50 Loamy Sand 4.96 0.05 17.00 0.87 
-100 Clayey Sand 5.49 0.12 14.00 1.63 
-150 Clayey Sand 7.10 0.13 14.00 1.84 
-200 Clayey Sand 13.70 0.20 14.00 2.74 
-250 Clayey Sand 17.01 0.10 14.00 1.44 
-300 Clayey Sand 16.11 0.09 14.00 1.31 
-350 Sandy Loam 19.88 1.00 14.00 14.00 

Hole 53           
0 Clay Loam 12.11 0.55 9.00 4.99 

-50 Medium Clay 15.24 0.92 7.00 6.44 
-100 Clay Loam Sandy 13.23 1.03 9.00 9.31 
-150 Medium Heavy Clay 20.40 2.13 6.50 13.85 
-200 Medium Heavy Clay 15.74 1.51 6.50 9.79 
-250 Medium Clay 16.92 1.48 7.00 10.37 
-300 Medium Clay 17.80 0.98 7.00 6.87 
-350 Clay Loam Sandy 17.05 0.59 9.00 5.27 

Hole 54           
0 Sand 2.63 0.27 17.00 4.57 

-50 Clayey Sand 14.16 0.70 14.00 9.80 
-100 Loamy Sand 9.15 0.83 14.00 11.56 
-150 Clay Loam Sandy 9.18 0.83 9.00 7.43 
-200 Clay Loam Sandy 10.87 0.77 9.00 6.95 
-250 Clay Loam Sandy 11.67 0.76 9.00 6.82 
-300 Clay Loam Sandy 13.36 0.69 9.00 6.19 
-350 Clay Loam Sandy 10.33 0.44 9.00 3.95 

Hole 55           
0 Clayey Sand 4.73 1.14 14.00 15.89 

-50 Clayey Sand 7.33 1.20 14.00 16.76 
-100 Clay Loam Sandy 17.07 2.00 9.00 18.00 
-150 Sandy Clay Loam 15.93 1.85 9.00 16.69 
-200 Sandy Clay Loam 16.84 1.83 9.00 16.50 
-250 Sandy Loam 9.46 1.36 14.00 19.08 
-300 Sandy Loam 7.92 1.15 14.00 16.03 

Hole 56           
0 Loam 21.43 0.47 10.00 4.74 

-50 Clay Loam 9.62 0.67 9.00 6.00 
-100 Silty Clay Loam 18.68 1.87 9.00 16.84 
-150 Silty Clay Loam 15.29 2.22 9.00 19.98 
-200 Silty Loam 54.11 1.04 10.00 10.38 
-250 Silty Loam 57.83 1.07 10.00 10.70 
-300 Silty Loam 52.67 0.60 10.00 5.97 
-350 Silty Loam 10.56 0.82 10.00 8.17 



   153

 

 Texture class 

Air dry soil 
moisture. Per 

cent of wet soil 
(g) EC1:5 (dS/m)

Texture conversion 
factor (Taylor 1993) 

Derived ECe 
(dS/m) 

Hole 57           
0 Clay Loam 7.38 0.43 9.00 3.83 

-50 Sandy Clay   1.57 0.24 8.00 1.92 
-100 Light Clay 14.74 1.30 8.50 11.07 
-150 Light Clay 14.77 1.23 8.50 10.45 
-200 Clay Loam Sandy 13.10 1.13 9.00 10.17 
-250 Clayey Sand 16.67 1.46 14.00 20.48 
-300 Clayey Sand 15.63 1.34 14.00 18.77 
-350 Clayey Sand 13.89 1.67 14.00 23.41 

Hole 58           
0 Light Clay 14.73 0.79 8.50 6.68 

-50 Light Clay 18.38 1.54 8.50 13.06 
-100 Light Medium Clay 20.52 1.91 8.00 15.30 
-150 Light Medium Clay 22.13 1.28 8.00 10.25 
-200 Light Medium Clay 21.26 0.98 8.00 7.83 
-250 Light Medium Clay 19.69 0.41 8.00 3.29 
-300 Sandy Clay Loam 20.26 0.34 9.00 3.08 
-350 Clayey Sand 24.10 0.57 14.00 7.94 

Hole 59           
0 Silty Loam 6.82 0.04 10.00 0.44 

-50 Silty Loam 3.59 0.02 10.00 0.16 
Hole 60           

0 Clayey Sand 28.53 1.17 14.00 16.35 
-50 Clay Loam Sandy 8.86 2.00 9.00 18.00 
-100 Clay Loam Sandy 12.73 2.16 9.00 19.44 
-150 Sandy Loam 13.61 1.96 14.00 27.45 
-200 Clay Loam Sandy 14.51 1.92 9.00 17.32 
-250 Clayey Sand 13.50 1.83 14.00 25.66 
-300 Clayey Sand 12.60 1.83 14.00 25.56 
-350 Sandy Clay Loam 6.20 1.79 9.00 16.09 

Hole 61           
0 Loam 19.74 3.38 10.00 33.80 

-50 Silty Clay Loam 13.04 1.98 9.00 17.86 
-100 Silty Clay Loam 18.74 1.83 9.00 16.43 
-150 Silty Clay Loam 17.79 1.40 9.00 12.64 
-200 Sandy Loam 15.79 1.38 14.00 19.35 
-250 Silty Loam 14.38 1.30 10.00 12.96 
-300 Loam 13.53 1.24 10.00 12.41 
-350 Loam 10.62 1.04 10.00 10.36 
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Appendix C: Salinity Trends with Increasing Soil Depth 
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Appendix D: Linear Correlation Analysis and Model Parameter 
Statistics for ECa and ECe 
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Appendix E: Regression Analysis and Model Parameter 
Statistics – Salinity and Terrain Profile Curvature on Different 
Geological Units at 160 m Pixel Scale 

 
Quaternary sediments 
 
Residuals: 
   Min     1Q Median     3Q    Max  
-8.258 -3.716 -1.264  2.941 15.689  
 
Coefficients: 
              Estimate Std. Error t value Pr(>|t|)     
(Intercept)    11.9006     0.2604   45.71   <2e-16 *** 
YLpcurv     -7249.5208   472.3470  -15.35   <2e-16 ***  
 
Residual standard error: 4.965 on 367 degrees of freedom 
Multiple R-Squared: 0.3909,   Adjusted R-squared: 0.0389  
F-statistic: 235.6 on 1 and 367 DF,  p-value: < 2.2e-16 
 
 
 
Proterozoic siltstone 
 
Residuals: 
    Min      1Q  Median      3Q     Max  
-2.8575 -0.9179 -0.1812  0.8552  6.3481  
 
Coefficients: 
              Estimate Std. Error t value Pr(>|t|)     
(Intercept)  5.664e+00  2.959e-01  19.138  < 2e-16 *** 
KIdem.sgrd  -1.925e-02  2.934e-03  -6.560 6.98e-11 *** 
KIcurv       1.514e+03  1.110e+03   1.364    0.173     
  
 
Residual standard error: 1.544 on 1834 degrees of freedom 
Multiple R-Squared: 0.02497,   Adjusted R-squared: 0.0239  
F-statistic: 23.48 on 2 and 1834 DF,  p-value: 8.532e-11 
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Proterozoic shale 
 
Residuals: 
   Min     1Q Median     3Q    Max  
-6.885 -3.232 -1.520  1.298 31.229  
 
Coefficients: 
              Estimate Std. Error t value Pr(>|t|)     
(Intercept)  1.147e+01  1.992e-01  57.615   <2e-16 *** 
KIdem.sgrd  -7.688e-02  3.462e-03 -22.210   <2e-16 *** 
KIcurv       1.973e+03  2.364e+03   0.835    0.404      
 
Residual standard error: 5.166 on 8660 degrees of freedom 
Multiple R-Squared: 0.05598,  Adjusted R-squared: 0.05576  
F-statistic: 256.8 on 2 and 8660 DF,  p-value: < 2.2e-16 
 
 
Proterozoic granite 
 
Residuals: 
    Min      1Q  Median      3Q     Max  
-11.606  -6.057  -2.328   3.757  48.107  
 
Coefficients: 
              Estimate Std. Error t value Pr(>|t|)     
(Intercept)  1.009e+01  5.171e-01  19.505  < 2e-16 *** 
KIdem.sgrd   4.387e-02  1.275e-02   3.441 0.000585 *** 
KIcurv      -3.326e+04  5.622e+03  -5.917 3.57e-09 *** 
 
Residual standard error: 8.653 on 3801 degrees of freedom 
Multiple R-Squared: 0.01327,  Adjusted R-squared: 0.01275  
F-statistic: 25.55 on 2 and 3801 DF,  p-value: 9.5e-12 
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Appendix F: Regression Analysis and Model Parameter 
Statistics – Salinity and Terrain profile Curvature on Different 
Geological Units at 80 m Pixel Scale 

 
Quaternary sediments 
 
Residuals: 
    Min      1Q  Median      3Q     Max  
-2.2467 -0.8673 -0.2731  1.2967  4.1058  
 
Coefficients: 
              Estimate Std. Error t value Pr(>|t|)    
(Intercept)    6.91197    3.13607   2.204  0.02941 *  
KIdem.sgrd    -0.01496    0.02362  -0.633  0.52777    
KIcurv      7858.86044 2903.08056   2.707  0.00777 ** 
 
Residual standard error: 1.521 on 121 degrees of freedom 
Multiple R-Squared: 0.06237, Adjusted R-squared: 0.04687  
F-statistic: 4.024 on 2 and 121 DF,  p-value: 0.02032 
 
 
Proterozoic siltstone 
 
Residuals: 
    Min      1Q  Median      3Q     Max  
-2.8150 -1.5806  0.4875  1.4081  2.0024  
 
Coefficients: 
              Estimate Std. Error t value Pr(>|t|)   
(Intercept)  7.815e+00  3.769e+00   2.073   0.0412 * 
KIdem.sgrd  -2.187e-02  3.026e-02  -0.723   0.4720   
KIcurv      -5.550e+03  3.477e+03  -1.596   0.1142    
 
Residual standard error: 1.538 on 84 degrees of freedom 
Multiple R-Squared: 0.03137, Adjusted R-squared: 0.008308  
F-statistic:  1.36 on 2 and 84 DF,  p-value: 0.2622 
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Proterozoic shale 
 
Residuals: 
    Min      1Q  Median      3Q     Max  
-5.8080 -2.0448 -0.5523  1.5983 11.4395  
 
Coefficients: 
              Estimate Std. Error t value Pr(>|t|)     
(Intercept)     8.9035     0.1434   62.07   <2e-16 *** 
YLpcurv     -7600.2394   330.9159  -22.97   <2e-16 ***  
 
Residual standard error: 2.993 on 439 degrees of freedom 
Multiple R-Squared: 0.5458,  Adjusted R-squared: 0.5447  
F-statistic: 527.5 on 1 and 439 DF,  p-value: < 2.2e-16 
 
 
Proterozoic granite 
 
Residuals: 
    Min      1Q  Median      3Q     Max  
-1.5037 -0.9693 -0.1762  1.2817  1.9029  
 
Coefficients: 
              Estimate Std. Error t value Pr(>|t|)     
(Intercept)  4.650e+00  2.092e-01  22.224   <2e-16 *** 
KIdem.sgrd  -2.244e-03  2.299e-03  -0.976    0.331     
KIcurv       1.964e+03  1.501e+03   1.308    0.193     
 
Residual standard error: 1.145 on 155 degrees of freedom 
Multiple R-Squared: 0.01697, Adjusted R-squared: 0.004282  
F-statistic: 1.338 on 2 and 155 DF,  p-value: 0.2655 


