
Section 3: XC2S - 03

Hyposulfidic clay soil with monosulfidic material

Smelly!



What are Acid Sulfate Soils (ASS)?

Soils and sediments that contain

iron sulfides-

Pyrite (FeS2) - Main form of iron sulfide

mono-sulfides (FeS)

Hand specimen

Microscopic

Pyrite



Biogeochemical oxidation processes  

What happens when pyrite in soils or 

sediments are disturbed or exposed?

Release and export of:

• Acid

• Iron

• Aluminium

• Other metals and

heavy metals

• Consumption of oxygen

FeS2 + 15/4O2 + 7/2H2O  Fe(OH)3 + 2SO4
2- + 4H+

pyrite + oxygen + water  iron (aq) + sulfuric acid (aq)



Sample description, storage and 

incubation of soils in chip trays (XD1)

Chip trays are used for:

1. Archival storage of sub-samples for

visualisation and future checking

2. Incubation and testing of moist soils

in chip trays over 8 weeks or more to 

permit pyrite oxidation and potential 

generation of sulfuric material

Sample descriptions (location – GPS, 

colour, texture, depth etc.) important 

Soil description 

Sample bottles for S-suite and X-ray diffraction

Bags for peroxide testing and experiments



CSIRO. Acid Sulfate Soils

Laboratory incubation of soils in chip trays:   

pH testing

Incubation and testing of moist soils in chip trays over 8, 16 weeks or 

more to permit pyrite oxidation and potential generation of sulfuric material



Hazards associated with ASS Types 

• Soil acidification = Sulfuric soils

• Corrosive (infrastructure)

• Acidification of water bodies

• Rewetting is highest risk period

• Trace metal release and transport (metals and 
metalloids), commonly As, Al, Ni, Co, Fe, Mn

• Deoxygenation of water bodies (fish kills) 
by monosulfidic material (MBO) transport

– rapid consumption of oxygen

• Noxious gas release (smells)

• Impacts on biodiversity

Extreme management cost to society
- millions of $$$ /year



Section 2: Pond PA 8 – western side: Dec. 2013

Hyposulfidic clay soil with monosulfidic material

Thick (20 cm) but 

fractured 

gypsum crusts



Section 2: Pond PA7 : Dec. 2013 

Hyposulfidic soil with monosulfidic material

Thin (3 to 5 cm) 

continuous  

gypsum crusts



Section 2: Pond PA7a – March 014 + rainwater 

Hyposulfidic soil with monosulfidic material

Profile DAP7A-01 photographed and sampled 16th December, 2013 – following an extensive DRY PERIOD

Profile DAP7Ad-01 photographed and sampled 26th March, 2014 – Following extreme high rainfall event in Feb 2014

Likely partial dissolution of gypsum crusts?



Section 2: Pond PA7a – March 2014 + rainwater 

Hyposulfidic soil with monosulfidic material

Profile DAP7A-01 photographed and sampled 16th December, 2013 – following an extensive DRY PERIOD

Profile DAP7Ad-01 photographed and sampled 26th March, 2014 – Following extreme high rainfall event in Feb 2014

Likely partial dissolution of gypsum crusts?



Section 2: Drain DAD02d – March 2014 

Sulfuric soils with acidic salt efflorescences



Section 3: XC2S - 02

Hyposulfidic clay soil with monosulfidic material

Very 

Smelly!



CSIRO. Acid Sulfate Soils

Section 3: XC3 – 02      Subaqueous 

Hyposulfidic soil with monosulfidic material

Shell grits



Section 3: XD1 – 03     Subaqueous 

Hyposulfidic clay soil with monosulfidic material

Fine shell fragments 

throughout
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Outline

1. Introduction: Geology, Acid Sulfate Soils (ASS) and Objectives

2. Characterization & Classification of ASS materials & profiles

3. ASS conceptual models explain spatial & temporal variability

4. ASS hazards derived from ASS materials and profiles 

5. ASS hazard maps derived from ASS Classification maps       

• Acidification hazard

• Deoxygenation/smell (malodour) hazard

• Sodicity hazard

• Contaminant  (Metals)  hazard

4. Northern ponds: Summer - Winter differences 

5. Southern ponds:  Barker Inlet – St Kilda transect (= field trip)

6. Drains: Summer 

5. Summary: trends and new findings 



Locality of  Dry Creek Salt fields  



Barker Inlet / Dry Creek salt evaporations ponds 



Geology 

~ 9000 years ago sea level rose. 

The Le Fevre peninsula was built between 

6000 yrs ago to present, by sand building up

as a result of wave and wind action

Reworking of coastal sediments since sea level

stabilisation about 7,500 BP resulted 

in the northerly extension of sand ridges

on Le Fevre Peninsula and Port River outlet.

Recent geological evolution has 

largely been controlled by global 

sea level fluctuations

Two million years ago sea level 

was 45 m lower than at present 

and Gulf St Vincent was dry land!

Alluvial fans formed as rivers and 

streams drained from the higher 

land inland, depositing sands, 

gravels and particularly the thick 

Hindmarsh Clay that underlies 

Barker Inlet, the Dry Creek Salt 

Fields and Adelaide city



Bund walls and Dry Creek Salt fields (ponds) 

The establishment of extensive sea-grass 

meadows led to the rapid accumulation of marine 

and estuarine sediments resulting in coastal land 

progradation throughout the late Holocene. 

Progradation led to the simultaneous back-barrier 

development of marshes and mangrove swamps 

parallel to the shoreline.  The Barker Inlet 

embayment is now mostly in-filled except for the 

Port River estuary. 

Seagrass banks developed in shallow water, but 

this gradually became enclosed and estuarine 

mangroves took over in the intertidal zones

Then the early settlers arrived and the area 

became severely modified by human activities

The coastal has been progressively reclaimed 

from the intertidal and supratidal environments of 

Barker Inlet by construction of a series of bund 

walls for agriculture and industry (salt fields) 

that prevented tidal inundation.



First detailed ASS survey: 25 years ago 

In 1990, CSIRO was contracted to conduct an 

urgent investigation of the Gillman area for the 

proposed construction of a multi-function-polis 

(MFP) 

- designed Coffey Partners International and 

Kinhill Delfin 

The MFP was a concept for a high technology 

community comprising housing, education and 

leisure facilities, and high-tech industries to 

provide employment

The CSIRO Technical Report by Fitzpatrick 

(1991) alerted the promoters to the problem of 

acid sulfate soils, and for this and other reasons

the project was eventually abandoned.



Gillman Schematic Cross Section
- Simplistic conceptual model + descriptions of all unique ASS types / 

sub-types in region



Atlas of ASS: St Vincent Gulf and Barker Inlet  



Objectives: Determine Hazards 

associated with ASS Types 
Acidification 

ASS with Sulfuric soils (High rate)

Acidification of water bodies 

(rewetting periods)

Corrosive (infrastructure)

Deoxygenation/ (malodour) smells

ASS with monosulfidic material (MBO)

Rapid consumption of oxygen in water bodies

(fish kills) by monosulfidic material transport

Noxious gas release (smells)

Contaminants

ASS with high release and transport of metals and 

metalloids (commonly As, Al, Ni, Co, Fe, Mn)

Other hazards: e.g. Soil structure 

ASS with high salinity & salts: dust (windy periods)

ASS with sodicity: poor soil structure



Sample description, storage and 

incubation of soils in chip trays

Chip trays are used for:

1. Archival storage of sub-samples for

visualisation and future checking

2. Incubation and testing of moist soils

in chip trays over 8 weeks or more to 

permit pyrite oxidation and potential 

generation of sulfuric material

Sample descriptions (location – GPS, 

colour, texture, depth etc.) important 

Soil description 

Sample bottles for S-suite and X-ray diffraction

Bags for peroxide testing and experiments



Laboratory incubation of soils in chip trays:   

pH testing

Incubation and testing of moist soils in chip trays over 8, 16 weeks or 

more to permit pyrite oxidation and potential generation of sulfuric material



Classification of ASS materials*

* Sullivan, L.A., Fitzpatrick, R.W., Bush, R.T., Burton, E.D., Shand, P. and Ward, N.J. 2009 Modifications to the

classification of acid sulfate soil materials. Southern Cross GeoScience Technical Report No. 309.

• Sulfuric material – Actual and Retained Acidity
• Soil with a pH < 4

• pH dropped by >1 pH unit due to the oxidation of Fe sulfides 

• Sulfidic material – Potential Acidity
• Hypersulfidic: potential to produce acidic soils with pH < 4

• Hyposulfidic: soils buffering capacity maintains pH > 4

• Monosulfidic material (FeS) – soil /sediment contains monosulfides

(Soil material containing ≥ 0.01% acid volatile sulfide)

• Parameters defined by:
• Field characterization

• Laboratory incubation experiments

• Laboratory testing – Acid Base Accounting methods, 

Mineralogy (XRD, Microscopy - light, SEM), Geochemistry (XRF)



CSIRO. Acid Sulfate Soils

Classification of ASS profiles  

Types and Sub-types - incorporating ASS materials 
Diagnostic features for Soil Type Soil Type  

Does the soil occur in shallow permanent flooded environments 
(typically not greater then 2.5 m)? 

 

 

No      Yes  

Subaqueous soil  

 

1 

Does the upper 80cm of soil consist of more than 40 cm of 
organic material (peat)? 

 

 

No      Yes  

Organic soil 

 

2 

Does the soil develop cracks at the surface  
OR in a clay layer within 100 cm of the soil surface  
OR have slickensides (polished and grooved surfaces between 
soil aggregates),  
AND is the subsoil uniformly grey coloured (poorly drained or very 

poorly drained)? 
 

No      Yes  

Cracking clay soil 

 

3 

Does a sulfuric layer (pH<4) occur within 150 cm of the soil 
surface,  
AND is the subsoil uniformly grey coloured (poorly drained)? 

 
 
 

No      Yes  

Sulfuric soil 

 

4 

Does sulfidic material (pH>4 which changes on ageing to pH<4) 
occur within 100 cm of the soil surface,  
AND is the subsoil uniformly grey coloured (poorly drained)? 

 
 
 

No      Yes  

Sulfidic soil 

 

5 

Other soils  Other soils 6 

 

Subaqueous soil

Organic soils

Cracking clay soils 

Sulfuric soils

Hypersulfidic/ Hyposulfidic soils

Other soils



Soil Type Diagnostic features for Soil Subtype Soil Subtype

Subaqueous soil

No  Yes 
Does Hypersulfidic

material (pH>4 which 

changes on ageing to 

pH<4) occur within 100 

cm of the soil surface?

AND

Does a clayey layer with 

slickensides occur 

within 100 cm of the soil 

surface?  

No  Yes 

Does a monosulfidic black 

ooze (MBO) material layer >10 

cm thick occur within

50 cm of the soil surface? 

No  Yes 

Hypersulfidic subaqueous clayey soil 

with MBO

1.1

  Hypersulfidic subaqueous clayey soil 1.2

 Does a sandy or loamy layer 

occur within 100 cm of the soil 

surface?

No  Yes 

Hypersulfidic subaqueous soil 1.3

Subaqueous soil 1.4

Organic soil

No  Yes 
Does Hypersulfidic

material (pH>4 which 

changes on ageing to 

pH<4) occur within 100 

cm of the soil surface?

AND

Does a clayey layer with 

slickensides occur 

within 100 cm of the soil 

surface?  

No  Yes 

Does a monosulfidic black ooze 

(MBO) material layer >10 cm 

thick occur within

50 cm of the soil surface? 

No  Yes 

Hypersulfidic organic clayey soil with 

MBO

2.1

Sulfidic organic clayey soil 2.2

Does a sandy or loamy layer 

occur within 100 cm of the soil 

surface?

No  Yes 

Sulfidic organic soil 2.3

Classification key for ASS Sub-types



Construct soil-regolith hydro-toposequence models as

cross-sections of soil-landscapes to aid in 

understanding:

• Spatial variability (horizontal and vertical variability)

• Temporal changes (e.g. seasonal variability)

• Soil materials (sulfuric, hypersulfidic, hyposulfidic and

monosulfidic)

• Soil Types and Sub-types (Sulfuric subaqueous soil)

• Soil features (e.g. cracks or salt efflorescences) in

layers, horizons and deep regolith

Soil-regolith models 
Incorporating ASS materials, features, Types/ Sub-types 



Section 4: Pond XF2 Transect  C-C1 – SUMMER

- WINTER 

SUMMER

WINTER 

C

C1

Summary: 

Increase in distribution 
of sulfuric soils 



Acidification 

Hazard

ASS subtypes and 

Acidification Hazard: 

Spatial variability 

(horizontal & vertical)

and
Temporal changes 

(seasonal variability)



Deoxygenation/smell (malodour)

Hazard

ASS subtypes and 

Deoxygenation/smell 

Hazard: 

Spatial variability 

(horizontal & vertical)

and
Temporal changes 

(seasonal variability)



Section 4: Pond XE4 Transect A-A1 – SUMMER

- WINTER 

SUMMER

WINTER 

A
A1

Summary: 

Little or no change in ASS 



Section 4:Pond XE4 Transect B-B1 - SUMMER 

- WINTER 

SUMMER

WINTER 

B1

B

Summary: 

Increase in distribution of
Subaqueous  
Hyposulfidic clays



Acidification

Hazard: XE4



Deoxygenation/smell

Hazard: XE4

Critical that the high 

hazard rating units 

(He1 and Ho1) are 

dried rapidly and 

maintained in a dry 

state so as to prevent 

the development of 

foul odours

Plant salt tolerant 

plants when dry 

Monitor ASS in He1 

and Ho1 units if 

reflooding occurs



Sodicity Hazard: poor drainage & plant growth

• All ASS soils in XF2 and XE4 classify as “Very saline to Highly saline soils”

• Comprise “flocculated clays” (fluffy or loosely aggregated clay particles)

• Topsoils with salt efflorescences are prone to wind erosion (dust)

• However, if these saline soils are not treated with “calcium-based soil 

amendments” they will likely transform to “Sodic soils” over time due to 

leaching with rain water (i.e. low levels of salinity)

• Leaching of the high levels of soluble salts form sodic soils with

low levels of total salt and high levels of exchangeable sodium that cause:

• poor structure (hard) and drainage due to sodium ions on clay particles

which cause clay particles to deflocculate, or disperse

• poor plant growth and germination

• Remediation: Application of gypsum (highly soluble salt) and lime



Section 2: Pond PA6 – mangrove walk cross-section 

Hypersulfidic soil with monosulfidic material

PA6

Sapric and 

hypersulfidic 

materials 

Shell-grit ridges  

Sampled Soil 

DPA06d-02

A

A1



Section 2: Pond PA6 - Mangrove Walk transcet 

Hypersulfidic soil with monosulfidic material

Shell-grit ridges  

Sapric and 

hypersulfidic 

materials 



Sapric and hypersulfidic materials – Mangove walk, 

St Kilda: “highly reactive” pyrite framboids

Pyrite framboids 

under scanning 

electron microscope 

Sapric material: Water soluble organic carbon 

“finely divided / extremely small particles”



Section 2: Pond PA6 - adjacent to mangrove walk 

Hypersulfidic soil with monosulfidic material

3-35 cm: Gypsum  fragments (60%)

Gypsum crystals (35%) 

Monosulfidic material (~2%) 

35-50 cm: Shell grit (30%)

Monosulfidic material 

50-80 cm: Shell grit (60%)  

Hyposulfidic material 

80-90 cm: Dark grey heavy clay 

Hyposulfidic  material

90-110 cm: Dark brown,

Sapric material (50%)

Hypersulfidic material 

0-3cm: Gypsum  crust



ASS overall trends

in Section 2

Representative 

transect / cross-section using 

PA 6 to construct a soil-regolith 

hydro-toposequence model to 

aid in understanding:

Spatial variability 

(horizontal & vertical variability)

and 
Temporal changes 

(e.g. seasonal variability)

to the range of ASS subtypes



Section 2: Pond PA8 – middle Dec 13

Hyposulfidic clay soil with monosulfidic material

Monosulfidic material 

which is:

Mobile,

Metastable and

Nanoparticulate (likely?)

Formation of monosulfidic material is promoted by:

• highly depositional environment (closed evaporation ponds),

• high organic matter concentrations

• low Fe and carbonate concentrations (precipitated early in salt production process)

• low resuspension (due to very slow seawater inflow/throughflow velocities 

and more sheltered nature of the bunded ponds.

Algal mats



Section 2: Pond PA7a – March 2014 + rainwater 

Hyposulfidic soil with monosulfidic material

Profile DAP7A-01 photographed and sampled 
16th December, 2013 –
following an extensive DRY PERIOD

Profile DAP7Ad-01 photographed and sampled 
26th March, 2014 –
Following extreme high rainfall event in Feb 2014

Fragile (5 to 15 cm) gypsum crusts

Likely partial dissolution of gypsum crusts?



Section 2: Pond PA7a – March 014 + rainwater 

Hyposulfidic soil with monosulfidic material

Profile DAP7A-01 photographed and sampled 16th December, 2013 – following an extensive DRY PERIOD

Profile DAP7Ad-01 photographed and sampled 26th March, 2014 – Following extreme high rainfall event in Feb 2014

Likely partial dissolution of gypsum crusts?



Section 2: Pond PA7a – March 2014 + rainwater 

Hyposulfidic soil with monosulfidic material

Profile DAP7A-01 photographed and sampled 16th December, 2013 – following an extensive DRY PERIOD

Profile DAP7Ad-01 photographed and sampled 26th March, 2014 – Following extreme high rainfall event in Feb 2014

Likely partial dissolution of gypsum crusts?



Section 2: Pond PA4d – March 2014

Hyposulfidic clay soil with monosulfidic material

Smelly!



Section 2: Pond PA4 – December 2013

Hyposulfidic clay soil with monosulfidic material

Smelly!



Section 2: Drain DAD03d – March 2014 

Hyposulfidic soil with monosulfidic material

Smelly!



Section 2: Pond PA4d – March 2014 + water

Hyposulfidic clay soil with monosulfidic material

Smelly!



Section 2: Drain DAD02d – March 2014 

Sulfuric soils with acidic salt efflorescences



Summary of trends

Spatial variability of ASS Subtypes at: 

• Regional scale “Acidification” hazard : 

East: lower hazard = hyposulfidic soils

West: higher hazard = hypersulfidic & monosulfidic  subaqueous soils 

North: higher hazard = Sulfuric, hypersulfidic  & monosulfidic soils

South: lower hazard = Hyposulfidic & monosulfidic with gypsum crusts

• Soil profile / toposequence scale -
Distinct horizontal and vertical variability

Temporal changes in ASS Subtypes for:

• Seasonal  / rainfall and drought events

Winter/ higher rainfall: higher  hazard = acid, metal mobility; 

gypsum crust dissolution

Summer/ high temps : lower hazard =  acidity contained

gypsum crust cracking

Site specific: Each Section (ponds & drains) has an almost 

“unique distribution of  ASS Subtypes” 



Summary of future work to:

characterize & map ASS in section 3 West

Because each pond in “Section 3 West” is likely to be site specific 

(i.e. each pond will have “unique distribution of  ASS Subtypes”) with:

• Widespread & complex distribution of “dead mangroves” 

= Hypersulfidic + sapric materials (highly reactive)

• Widespread & complex distribution of “shell-grit ridges and layers”

=  Hyposulfidic + shell grits (highly reactive)

• Widespread and complex distribution of subaqueous topography 

= “small islands” when ponds are partly drained 

ASSC plans to conduct:

• Use the combined bathymetric and sub-bottom profiling survey 

• LiDAR data acquisition, analysis and DEM creation

• Field observations & sampling of ASS Subtypes via a shallow boat



Summary from consultant (Nick Withers)

The key message is that approach and protocols for the investigation of ASS 

at landscape scale, in order to be practicable, have to:

• Be adaptable, without loss of rigor

• Obtain multiple diverse lines of evidence

• Recognise the forces and events that have formed the landscape and created the 

geochemistry

• Recognise that geochemistry in an active geomorphological environment is 

always in a state of flux (however imperceptible)

• Not confuse risk to receptors with the presence of a hazard 

• Characterise not only the location, scale and severity of hazards and their time 

dependent nature, but also the completeness and constraints on pathways by 

which these hazards might impact receptors

•We have been fortunate indeed to have been able with the expertise and 

experience of the ASSC, and the support of DSD / DEWNR / EPA to do this at the 

Dry Creek Salt Field site



Thank You 

Acid Sulfate Soils Centre (ASSC)

Rob Fitzpatrick

Phone +61-8-8303 8511

Email Rob.Fitzpatrick@csiro.au

Web www.clw.csiro.au



Section 2: Pond PA 8 – western side: Dec. 2013

Hyposulfidic clay soil with monosulfidic material

Thick (20 cm) but 

fractured 

gypsum crusts



Section 2: Pond PA7 : Dec. 2013 

Hyposulfidic soil with monosulfidic material

Thin (3 to 5 cm) 

continuous  

gypsum crusts



Acid Sulfate Soils in Dry Creek Salt fields:
Section 4 East: XF2, XE4 and XF1

Rob Fitzpatrick1,2, Paul Shand1,2 and Andrew Baker1 

1Acid Sulfate Soil Centre (ASSC) - The University of Adelaide  / CSIRO Land and Water
2National Committee for Acid Sulfate Soils (NatCASS)

27th November, 2014 www.csiro.au



Outline
1. Introduction: unexpected and complex data interpretations of 

large data-sets led to final report delay but have previously  

provided STAG with several interim PowerPoint presentations

2. ASS hazards derived from ASS materials and profiles 

3. ASS hazard maps derived from ASS Classification maps       

• Acidification hazard*

• Deoxygenation/smell hazard*

• Sodicity hazard

• Contaminant  (Metals)  hazard

*ASS conceptual models: explain spatial & temporal variability 

Summer - Winter differences for XF2 & XE4

4. Hazards to Risk: Risk is a measure of both the consequences of a 

hazard occurring and the likelihood of its occurrence

5. Summary: Extrapolation of findings to XF1 pond

Extrapolation of findings to Section 2 ponds  



Hazards associated with ASS Types 

Acidification 

ASS with Sulfuric soils (High rate)

Acidification of water bodies 

(rewetting periods)

Corrosive (infrastructure)

Deoxygenation/smells

ASS with monosulfidic material (MBO)

Rapid consumption of oxygen in water bodies

(fish kills) by monosulfidic material transport

Noxious gas release (smells)

Contaminants

ASS with high release and transport of metals and 

metalloids (commonly As, Al, Ni, Co, Fe, Mn)

Other hazards: e.g. Soil structure 

ASS with high salinity & salts: dust (windy periods)

ASS with sodicity: poor soil structure



Classification of ASS materials*

* Sullivan, L.A., Fitzpatrick, R.W., Bush, R.T., Burton, E.D., Shand, P. and Ward, N.J. 2009 Modifications to the

classification of acid sulfate soil materials. Southern Cross GeoScience Technical Report No. 309.

• Sulfuric material – Actual and Retained Acidity
• Soil with a pH < 4

• pH dropped by >1 pH unit due to the oxidation of Fe sulfides 

• Sulfidic material – Potential Acidity
• Hypersulfidic: potential to produce acidic soils with pH < 4

• Hyposulfidic: soils buffering capacity maintains pH > 4

• Monosulfidic material (FeS) – soil /sediment contains monosulfides

(Soil material containing ≥ 0.01% acid volatile sulfide)

• Parameters defined by:
• Field characterization

• Laboratory incubation experiments

• Laboratory testing – Acid Base Accounting methods, 

Mineralogy (XRD, Microscopy - light, SEM), Geochemistry (XRF)



CSIRO. Acid Sulfate Soils

Classification of ASS profiles  

Types and Sub-types - incorporating ASS materials 
Diagnostic features for Soil Type Soil Type  

Does the soil occur in shallow permanent flooded environments 
(typically not greater then 2.5 m)? 

 

 

No      Yes  

Subaqueous soil  

 

1 

Does the upper 80cm of soil consist of more than 40 cm of 
organic material (peat)? 

 

 

No      Yes  

Organic soil 

 

2 

Does the soil develop cracks at the surface  
OR in a clay layer within 100 cm of the soil surface  
OR have slickensides (polished and grooved surfaces between 
soil aggregates),  
AND is the subsoil uniformly grey coloured (poorly drained or very 

poorly drained)? 
 

No      Yes  

Cracking clay soil 

 

3 

Does a sulfuric layer (pH<4) occur within 150 cm of the soil 
surface,  
AND is the subsoil uniformly grey coloured (poorly drained)? 

 
 
 

No      Yes  

Sulfuric soil 

 

4 

Does sulfidic material (pH>4 which changes on ageing to pH<4) 
occur within 100 cm of the soil surface,  
AND is the subsoil uniformly grey coloured (poorly drained)? 

 
 
 

No      Yes  

Sulfidic soil 

 

5 

Other soils  Other soils 6 

 

Subaqueous soil

Organic soils

Cracking clay soils 

Sulfuric soils

Hypersulfidic/ Hyposulfidic soils

Other soils



Soil Type Diagnostic features for Soil Subtype Soil Subtype

Subaqueous soil

No  Yes 
Does Hypersulfidic

material (pH>4 which 

changes on ageing to 

pH<4) occur within 100 

cm of the soil surface?

AND

Does a clayey layer with 

slickensides occur 

within 100 cm of the soil 

surface?  

No  Yes 

Does a monosulfidic black 

ooze (MBO) material layer >10 

cm thick occur within

50 cm of the soil surface? 

No  Yes 

Hypersulfidic subaqueous clayey soil 

with MBO

1.1

  Hypersulfidic subaqueous clayey soil 1.2

 Does a sandy or loamy layer 

occur within 100 cm of the soil 

surface?

No  Yes 

Hypersulfidic subaqueous soil 1.3

Subaqueous soil 1.4

Organic soil

No  Yes 
Does Hypersulfidic

material (pH>4 which 

changes on ageing to 

pH<4) occur within 100 

cm of the soil surface?

AND

Does a clayey layer with 

slickensides occur 

within 100 cm of the soil 

surface?  

No  Yes 

Does a monosulfidic black ooze 

(MBO) material layer >10 cm 

thick occur within

50 cm of the soil surface? 

No  Yes 

Hypersulfidic organic clayey soil with 

MBO

2.1

Sulfidic organic clayey soil 2.2

Does a sandy or loamy layer 

occur within 100 cm of the soil 

surface?

No  Yes 

Sulfidic organic soil 2.3

Classification key for ASS Sub-types



Acidification 

Hazard: XF2

Application of 

agricultural lime or 

limestone to map 

units Su1, Su2 & Su3 

(comprising a high 

proportion of sulfuric 

soils)

Plant salt tolerant 

plants 

Monitor ASS in all Su 

and He units if 

reflooding occurs



Deoxygenation/smell

Hazard: XF2

Critical that the high 

hazard rating unit 

(He1) is dried rapidly 

and maintained in a 

dry state so as to 

prevent the 

development of foul 

odours

Plant salt tolerant 

plants when dry 

Monitor ASS in He1  

unit if reflooding 

occurs



Constructed soil-regolith hydro-toposequence models as

cross-sections of soil-landscapes to aid in 

understanding:

• Spatial variability (horizontal and vertical variability)

• Temporal changes (e.g. seasonal variability)

• Soil materials (sulfuric, hypersulfidic, hyposulfidic and

monosulfidic)

• Soil Types and Sub-types (Sulfuric subaqueous soil)

• Soil features (e.g. cracks or salt efflorescences) in

layers, horizons and deep regolith

ASS conceptual soil-regolith models 
Incorporating ASS materials, features, Types/ Sub-types 



Section 4: Pond XF2 Transect  C-C1 – SUMMER

- WINTER 

SUMMER

WINTER 

C

C1

Summary: 

Increase in distribution 
of sulfuric soils 



Acidification

Hazard: XE4

Plant salt tolerant plants 



Deoxygenation/smell

Hazard: XE4

Critical that the high 

hazard rating units 

(He1 and Ho1) are 

dried rapidly and 

maintained in a dry 

state so as to prevent 

the development of 

foul odours

Plant salt tolerant 

plants when dry 

Monitor ASS in He1 

and Ho1 units if 

reflooding occurs



Section 4: Pond XE4 Transect A-A1 – SUMMER

- WINTER 

SUMMER

WINTER 

A
A1

Summary: 

Little or no change in ASS 



Section 4:Pond XE4 Transect B-B1 - SUMMER 

- WINTER 

SUMMER

WINTER 

B1

B

Summary: 

Increase in distribution of
Subaqueous  
Hyposulfidic clays



Sodicity Hazard: poor drainage & plant growth

• All ASS soils in XF2 and XE4 classify as “Very saline to Highly saline soils”

• Comprise “flocculated clays” (fluffy or loosely aggregated clay particles)

• Topsoils with salt efflorescences are prone to wind erosion (dust)

• However, if these saline soils are not treated with “calcium-based soil 

amendments” they will likely transform to “Sodic soils” over time due to 

leaching with rain water (i.e. low levels of salinity)

• Leaching of the high levels of soluble salts form sodic soils with

low levels of total salt and high levels of exchangeable sodium that cause:

• poor structure (hard) and drainage due to sodium ions on clay particles

which cause clay particles to deflocculate, or disperse

• poor plant growth and germination

• Remediation: Application of gypsum (highly soluble salt) and lime



Contamination Hazard: Metal release
Adding pure water to soil samples: time zero = to
Incubation 8 wks: determine if subaqueous soil will release metals on oxidation
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pH of soil extractions show 

little change to pH during 

incubation as most soils had 

already oxidised

pH of soil extractions are

well buffered for XE4

(hyposulfidic soils) 

pH of soil extractions for 

many XF2 samples are acidic 

(sulfuric soils) 

During incubation there was 

a decrease in alkalinity and 

increase in redox potential 

(Eh) for many soils 

XF2 soils are more oxidised 

than XE4 soils, which 

correlates with lower pH 



Contamination Hazard: Metal release
Adding pure water to soil samples: time zero = to
Incubation 8 wks: determine if subaqueous soil will release metals on oxidation

Metal concentration of 

trace elements is

in general low but in more 

acid samples elevated 

concentrations of some 

elements are noted:

Mn: high mobility for

XF2 acid (sulfuric) soils 

Ni: high mobility for XF2 

acid (sulfuric) soils

However at high pH

Mo: high mobility for XE4

alkaline (hyposulfidic) soils

U: high mobility for XE4

alkaline (hyposulfidic) soils
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Hazard to Risk assessment

• Risk is a measure of both the consequences of a hazard occurring 

and the likelihood of its occurrence

• Consequence is the impact of the acid sulfate soil materials being 

expressed and primarily takes into account environmental and 

water quality impacts, both to the salt fields and 

adjacent tidal coastline (mangroves)

• Likelihood is the probability of disturbance of the acid sulfate soil material

and requires understanding of both the nature and severity of the 

acid sulfate soil materials (e.g. extent, net acid generating potential, etc) 

as well as contributing factors influencing the risk 

(e.g. disturbance of ASS materials, wetland or salt pond regime)



Level of consequence of a hazard occurring

• Level of consequence will be determined in consultation with 

environmental and salt field managers for each identified hazard in a

specific salt pond or adjacent wetland using a standardised table:

Descriptor Definition

Extreme Irreversible damage to wetland values and/or adjacent 
waters; localised species extinction; permanent loss of water 
supplies

Major Long-term damage to wetland values and/or adjacent 
waters; significant impacts on listed species; significant 
impacts on water supplies

Moderate Short-term damage to wetland values and/or adjacent 
waters; short-term impacts on species

Minor Localised short-term damage to wetland values and/or 
adjacent waters; temporary loss of water supplies

Insignificant Negligible impact on wetland values and/or adjacent waters; 
no detectable impacts on species



Level of likelihood of hazard occurrence 

Descriptor Definition

Almost certain Disturbance is expected to occur in most circumstances

Likely Disturbance will probably occur in most circumstances

Possible Disturbance might occur at some time

Unlikely Disturbance could occur at some time

Rare Disturbance may occur only in exceptional circumstances

• Level of likelihood will be determined separately for each hazard type 

This is due to the variability of contributing factors for each hazard.  

Likelihood should be determined by assessing the probability of disturbance 

of the acid sulfate soil materials. Examples of disturbance include:

• Re-wetting of ASS materials after they have oxidised;

• ASS materials that are currently inundated and that may be 

oxidised; or

• ASS materials that are currently inundated and that may be

dispersed by flushing (e.g. scouring flows).

Likelihood ratings for the disturbance scenario (from MDB 2010)



Risk assessment matrix (Standards Australia)

Likelihood category

Consequences category

Extreme Major Moderate Minor Insignificant

Almost Certain Very High Very High High High Medium

Likely Very High High High Medium Medium

Possible High High High Medium Low

Unlikely High Medium Medium Low Low

Rare High Medium Medium Low Low

Legend: It is suggested that, sites with

Very High: Very High Risk - immediate action recommended;

High:  High Risk - senior management attention needed;

Medium:  Moderate Risk - management action may be recommended. 

Agency responsible must be specified;

Low:  Low Risk - manage by routine procedures (should be monitored 

regularly to determine whether the hazard is increasing).

• Acid sulfate soil scientists conducting detailed assessments cannot alone 

determine the level of consequence or likelihood category at a given pond

• Input of relevant managers of the salt fields and adjacent tidal coastline 

(mangroves) areas will be critical

• As such, assessment of risk must be made in consultation with the salt fields 

and  adjacent tidal coastline managers. 

This is to ensure that acid sulfate soil scientists have an understanding of 

the salt pond values and context of management for the site



Reporting on Risk 

• Reports of assessments will establish the level of risk associated

with each identified ASS hazard (e.g. Acidification, Deoxygenation/smell,

contamination, sodicity) at a salt pond using the framework outlined 

above and in consultation with relevant salt pond and wetland managers

• In order to assist all wetland and salt pond managers in decision-making,

the level of risk outlined in final reports should be accompanied by an 

explanation of the major contributing factors to the risk level

(e.g. water management regimes, water chemistry, wetland values etc)



Acidification 

Hazard: XF1

In XF1, the ASS 

subtypes and 

Acidification Hazard: 

Spatial variability 

(horizontal & vertical)

and
Temporal changes 

(seasonal variability)

Are likely to be 

similar to ASS in XF2 



Deoxygenation/smell

Hazard: XF1

In XF1, the ASS 

subtypes and 

Deoxygenation/smell 

Hazard: 

Spatial variability 

(horizontal & vertical)

and
Temporal changes 

(seasonal variability)

Are likely to be 

similar to ASS in XF2 



ASS overall trends

in Section 2

Representative 

transect / cross-section using 

PA 6 to construct a soil-regolith 

hydro-toposequence model to 

aid in understanding:

Spatial variability 

(horizontal & vertical variability)

and 
Temporal changes 

(e.g. seasonal variability)

to the range of ASS subtypes



Summary of trends

Spatial variability of ASS Subtypes at: 

• Regional scale “Acidification” hazard : 

East: lower hazard = hyposulfidic soils

West: higher hazard = hypersulfidic & monosulfidic  subaqueous soils 

North: higher hazard = Sulfuric, hypersulfidic  & monosulfidic soils

South: lower hazard = Hyposulfidic & monosulfidic with gypsum crusts

• Soil profile / toposequence scale -
Distinct horizontal and vertical variability

Temporal changes in ASS Subtypes for:

• Seasonal  / rainfall and drought events

Winter/ higher rainfall: higher  hazard = acid, metal mobility; 

gypsum crust dissolution

Summer/ high temps : lower hazard =  acidity contained

gypsum crust cracking

Site specific: Each Section (ponds & drains) has an almost 

“unique distribution of  ASS Subtypes” 



Summary of future work to:

characterize, map & monitor ASS in XF1 

Because each pond in “Section 4 East” is likely to be site specific 

(i.e. each pond will have “unique distribution of  ASS Subtypes”) with:

• ASS subtypes and hazards in XF1 are likely to similar to XF2

(i.e. widespread  range and complex distribution of  ASS subtypes 

similar to adjacent XF2, which can be mapped) 

Hence, ASSC needs to conduct:

• Field observations and sampling of representative ASS Subtypes via a 

shallow boat and on foot

• Monitor changes in ASS properties as XF1 dries out  



Thank You 

Acid Sulfate Soils Centre (ASSC)

Rob Fitzpatrick

Phone +61-8-8303 8511

Email Rob.Fitzpatrick@csiro.au

Web www.clw.csiro.au
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