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Winter is coming! This issue of ASSAY arrives as the seasons start to change around the nation. Inside,
you’ll find stories about a new national acid sulfate soils project, the impacts of the Millennium Drought
(and subsequent rewetting) on the Lower Murray River, a new soils information website for NSW and a
wonderful article examining whether jarosite on Mars could be masking the presence of organic
compounds.
We are also very pleased to confirm that ASSAY is still open for business! Our last issue was cosponsored by SOILFIX Pty Ltd and we are delighted to announce that SOILFIX is again supporting the
production of the current edition of ASSAY. If you are in a position to utilise the range of services
provided by SOILFIX, don’t forget to recognise their support for our national acid sulfate soils newsletter.
If other organisations would like to invest in maintaining the continuity of our ASSAY flagship while
benefiting from some well-placed promotions, please feel free to contact me directly
simon.walsh@dpi.nsw.gov.au

Happy reading… Simon
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Dramatically reduce your environmental and economic footprint with SOILFIX

Presenting SOILFIX
With an environmentally appropriate and economically sound method of treatment, SOILFIX can treat
any soil type, anywhere, regardless of moisture content.
From an economic viewpoint, keeping a lid on costs is a constant focus of business leaders, contractors
and local government professionals. The team at SOILFIX cannot only reduce the timeframe to complete
a project but more importantly, reduce the cost.
The results of pilot plant operations, field trials, laboratory research and a commitment to treating
contaminated soils and water have led to the development of a new generation of soil and water
treatment options that offer tailored plant, equipment and reagents that work in unison with one
another and ensure consistent, cost-effective treatment.
Environmentally, SOILFIX provides a significant advantage with its ability to deliver a single pass
treatment of Acid Sulfate Soils with guaranteed validation. Treatment can be either on-site or off-site
with the potential to re-use soil to avoid it going into landfill.
SOILFIX provides an Australia wide service; it can handle any size project, be it large or small and has a
level of flexibility and adaptability unique to a business of this type. SOILFIX has a proven track record
with a variety of clients from diverse industry sectors such as Government, Mining, Oil and Gas,
Environmental Remediation and Civil Engineering.

About SOILFIX
SOILFIX is a 100 per cent Australian owned and operated company that has proven results in the
treatment of contaminated soil and water. It has the capability to deal with a large variety of soil and
water management issues including soil stabilisation, acid sulfate soils, chemical fixation, hydrocarbon
remediation and pH correction.

Proven Results
Some of the recent projects SOILFIX has undertaken include;


The $1 billion Gateway WA Perth Airport and Freight Access Project



Crown Towers Perth



NIB Stadium



Perth Arena



Inpex Darwin
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With the Perth Gateway project, as part of the mammoth earthworks in an undertaking of this scale,
mountains of soil are being moved, treated and remediated. SOILFIX has established a high-capacity
treatment plant on the site, which is licensed through the Department of Environment Regulation. In
addition to treating any metal contamination, stabilising and removing any acidity from soils on the
Gateway project, the SOILFIX site also has the capacity to process soils from other sites.
The Gateway WA Perth Airport and Freight Access Project is the largest infrastructure project ever
undertaken by Main Roads WA and will run until 2017.

SOILFIX in action - treating and remediating soil.
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SOILFIX List of services:


Acid Sulfate Soil treatment



Soil Stabilisation and Solidification



Chemical Fixation



Bio-Remediation



In-Situ Treatment



Contaminated Soil



Field Servicing



Field data sampling and reporting

From initial assessment to full project management the SOILFIX business has the ability to help you not
just at the start of your project, but to manage it through every step of the process until it is successfully
completed.

For further Information contact:
Lance O’Connor
SOILFIX Pty Ltd

(p) 08 9241 1100

(e) lance@soilfix.com.au

www.soilfix.com.au

New national acid sulfate soils project
Marcus Walters, Department of the Environment, Canberra.
A new national project investigating a number of key issues relating to the identification and
management of acid sulfate soils has commenced. The Commonwealth Department of the Environment,
on behalf of the Water Quality Management Sub Committee, which comprises representatives from the
Australian Government, and state and territory governments, is managing the project.
The project will provide clear, non-prescriptive, practical guidance to assist water and natural resource
managers, planners, policymakers and the primary / development industries to manage the risks and
challenges associated with acid sulfate soils in landscapes and aquatic environments; in particular risks
and challenges associated with water quality deterioration and asset degradation.
The foundation of the project is national collaboration; recognising the importance of national
consistency in the identification and management of acid sulfate soils, and the importance of sharing
acid sulfate soils knowledge, expertise and experience.
The project will deliver new guidance based on the principles of identifying, avoiding, minimising and
managing disturbance. The project will be consistent with and complement existing guidance such as
the National Strategy for the Management of Coastal Acid Sulfate Soils and the National Guidance for
the Management of Acid Sulfate Soils in Inland Aquatic Ecosystems.
Furthermore, to assist in the use of guidance material, the project will produce an overarching synthesis
that will draw together all relevant guidance, both existing and the new, and provide a decision-support
‘tool’ to assist users to determine which (one or more) of the guidance documents should be consulted,
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based on the management needs and specific circumstances of the problem at hand.
The project to deliver the new national guidance will be delivered in two blocks.
Block One:
1. Overarching synthesis of acid sulfate soils guidance
2. Overview and management of dewatering activities and other groundwater related activities that
may disturb acid sulfate soils;
3. Overview and management of monosulfidic black ooze (MBO) accumulation in waterways; and
4. Overview of dredging acid sulfate soil sediments and associated dredge spoil management.
Block Two:
1. National Acid Sulfate Soils Identification and Laboratory Methods Manual; and
2. National Acid Sulfate Soils Sampling and Identification Methods Manual.
CSIRO will be taking the lead on Block One activities and products (drawing on relevant expertise from
across a number of universities and organisations to assist in developing the material), whilst for Block
Two guidance products, at the time of writing, the provider is still to be determined. It is important to
note, however, that the products of block one and block two are complementary, and to ensure this
connection remains strong, the work to deliver all the guidance products will occur simultaneously and
in light of each other. The project, in its entirety, is to be completed by early 2016 with all products
being made freely available as web-based publications for downloading.
The following briefly describes what the new guidance will target.
Dewatering activities and groundwater
Dewatering or drainage activities associated with the construction or installation of infrastructure below
the watertable can create a zone of depression. In vulnerable landscapes, the zone of depression can
cause the mobilisation of acid ground water and heavy metals. This may result in the accelerated
deterioration of built infrastructure and/or detrimental impact on the health of receiving natural aquatic
systems.
Groundwater in siliceous porous-medium or fractured-rock aquifers that contain sulfide minerals and
little or no carbonate is especially vulnerable to acidification caused by lowered water tables due to
drought conditions and/or intense groundwater extraction.
Naturally acidic, saline groundwater is normally environmentally benign, however, in catchments where
there has been widespread land clearing for agriculture, this groundwater can be brought to the surface
due to large increases in recharge. Acidic groundwater, which can also contain mobilised metals such as
aluminium, can cause significant environmental impacts in receiving aquatic environments, with
progressively declining health of vegetation and loss of sensitive fauna.
Monosulfidic black ooze (MBO)
MBO is associated with sediments that contain large amounts of jet-black, highly reactive iron sulfide
(monosulfide) minerals. Monosulfides tend to accumulate in highly eutrophied, poorly flushed
waterways where high concentrations of nutrients and bio-available organic carbon favour sulfate
reducing conditions.
MBO sediments can cause significant environmental harm because they are anoxic and because of their
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ability to release phosphorus, ammonium-nitrogen and arsenic into the water column. The disturbance
of these materials can cause anoxic conditions in the water column and fish kills.
Dredging and dredge spoils
Improper disposal of dredge spoil on land or underwater may result in potentially serious consequences
of acidification, metal liberation and / or deoxygenation. In addition, future disturbance may be possible
inadvertently; as ‘dumped’ dredge spoil is not a natural occurrence and hence its behaviour is not able
to be predicted (without accurate recording and mapping of disposal sites). Residences and
infrastructure built on dredge spoil may also be at risk of instability and shortened life due to ‘concrete
cancer’, which may be induced by extremely acidic and sulfate rich soil conditions from oxidation of iron
sulfides.
Methods manuals
Development of the new methods manuals will involve a comprehensive review of existing guidance
such as; Guidelines for sampling and analysis of lowland acid sulfate soils in Queensland (1998) by Ahern
C, Ahern M and Powell B, Queensland Department of Natural Resources; Identification and investigation
of acid sulfate soils and acidic landscapes (2013) by the West Australian Department of Environment and
Conservation; and, Acid sulfate soils laboratory methods guidelines (2004) by Ahern C, McElnea A and
Sullivan L, Queensland Department of Natural Resources.
The new methods manuals will build on the existing manuals by capturing and incorporating the most
up-to-date scientific knowledge and expertise and completing specific components of the existing
manuals.
If you would like further information on the national acid sulfate soils project please contact Sheryl
Hedges on 02 6274 2333 or at sheryl.hedges@environment.gov.au or Marcus Walters on 02 6274 1621
or at marcus.walters@environment.gov.au.
The Department of the Environment thanks the National Committee on Acid Sulfate Soils (NatCASS) and
the Acid Sulfate Soils Technical Working Group for their work to date in developing the project. Thanks
also go to Dr Steve Appleyard of the West Australian Department of Environment and Conservation and
Dr Liz Barnett of the South Australian Department of Environment, Water and Natural Resources, for
assisting in the preparation of this article.

Acid sulfate soils in the Lower River Murray Reclaimed Irrigation Area (LMRIA)
EPA, South Australia

Source

The Lower Murray Reclaimed Irrigation Area (LMRIA) covers approximately 5,200 ha of flood-irrigated
agricultural land protected by a levee bank system on the former floodplain of the River Murray in South
Australia.
The LMRIA is located between the townships of Mannum and Wellington and comprises 24 individual
irrigation areas. Historically, dairy farming was the predominant land use with some beef cattle, fodder
production and lifestyle farming.
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The irrigation bays are typically 1.0–1.5 m below the normal
river pool level (+0.75 m AHD), enabling gravity fed flood
irrigation. The excess runoff from irrigation, as well as highland
groundwater seepages, is returned to the River Murray via a
drainage network and pumping system.
Due to very low inflows from the Murray–Darling Basin from
2007–09, water levels in the Lower Murray River (below Lock 1)
fell from a normal pool level of +0.75 m AHD to a low of –1.05m
AHD in April 2009.
The low water levels and restricted water allocations during
this hydrological drought period meant that most of the LMRIA
was not irrigated and led to a drop in the shallow water table of
1.5–2 m from pre-drought levels. The heavy clay soils
subsequently salinised, dried and cracked causing major
damage to the irrigation bays and associated infrastructure,
and major socio-economic impacts.

Drought affected cracked soils in a
lower Murray reclaimed irrigation
area

When irrigation recommenced in 2010–11, orange coloured
water in the drainage channels was noted by Jervois Irrigation
Area landholders. Testing by the EPA demonstrated the
presence of acid water in this and 13 other drainage channels in the LMRIA region.

Further investigations by the EPA, in conjunction
with the CSIRO, found that acid sulfate soils are
prevalent in the LMRIA region. It was determined
that the falling groundwater levels during the
drought allowed these soils to be exposed and
oxidised, which produced large quantities of sulfuric
acid in the soil matrix.

Acidic drainage water (orange) in the Pompoota
drainage channel

When flood irrigation takes place on an LMRIA
irrigation bay, this stored acidity in the soil enters
the groundwater and is eventually flushed into the
drainage channels. This drainage water is then
discharged to the River Murray. The discharge of
the water is necessary for the maintenance of
agricultural practices in this area.

The acidic drainage water entering the River Murray
poses a potential risk to the water quality and environmental values. The EPA, Murray–Darling Basin
Authority (MDBA) and Department of Environment, Water and Natural Resources are undertaking a
project to examine the nature and risks of acid drainage originating from the LMRIA, through monitoring
and research. This work will underpin the development of management options to both protect the
environmental values in the River Murray and maintain farm productivity in the region.

Management and remediation methods
The EPA is working with other government departments, the MDBA, SA Water, the local community and
landholders to trial possible remediation options to prevent the discharge of acidic drainage water to
the River Murray.
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Option 1: Large-scale flood irrigation
A trial site was set up on an irrigation bay at Long Flat
irrigation area to test whether large-scale flood irrigation
would be beneficial in 'flushing' the acidity out of the soil
profile when flows were very high and sufficient to
dilute the acidity. Groundwater and surface drainage
water was intensively monitored over a series of
irrigation events.
The data from this trial showed that irrigation, while
providing positive benefits for soils and pasture, only
very slowly decreases acidity present in the deeper
subsoil and groundwater and results in acid export to
the drainage channels and river. The results of this trial can be viewed in the preliminary report (1.9 MB
PDF).
Option 2: Surface limestone spreading followed by flood irrigation
This trial involved spreading approximately 60t of
superfine limestone over 3 ha at the Long Flat trial
site. Two irrigation cycles (over 4 –5 weeks) were
performed to try to 'wash' the limestone into the
soil profile through the previously fragmented and
cracked soil structure. Sampling and monitoring
protocols were replicated, as in previous irrigation
trials.
Intensive monitoring showed that there was a small
increase in pH and a reduction in retained acidity
and available acidity, especially in the top 1 m of the
soil profile. However, it is expected that it may take
several months before the effect of the liming on the soils is noticeable, and improvement in soil acidity
is seen. Monitoring at the sites is conducted on a monthly basis, and will be reported later.
Option 3: In situ salt drain acidity neutralisation
This trial aims to treat the acidic water in the
drainage channels by introducing a neutralising
reagent prior to discharge to the River Murray. The
reagent is a 5–10% (by weight) hydrated lime slurry
and is applied to the drain using a flexible and mobile
truck-mounted dosing system, including a monitor
cannon and approximately 100 m of hosing.
Continuous water quality monitoring was conducted
along the length of the salt drain, and before and
after discharge to guide and assess the success of the
salt drain treatment. Results suggest that the acidic
drainage is able to be successfully treated using this method. A neutral pH was achieved, and acidity and
associated soluble metals are eliminated before discharge to the River Murray.
This is expensive, and does not treat the problem at the source (in the soils under the irrigation bays),
meaning treatment would have to be in place at each LMRIA discharge for a long time period of time.
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Option 4: Subsoil remediation using a modified mole plough
This trial aims to introduce a neutralising material
(lime slurry) to the subsoil by using a ploughing
technique commonly practised in the LMRIA area.
The mole plough was originally used in the LMRIA to
form gravel-lined channels to assist drainage in clay
soils.
In this trial, the lime slurry was used in place of the
gravel in the mole drain. This method delivered the
neutralising material directly to the subsoil and the
zone of acidity (1 m below ground), without
disturbing the pasture or topsoil. By creating
pockets in the soil profile where the acidic
groundwater and soil can be neutralised, it is hoped that the
process of remediation can begin in these soils.
The trial has been conducted in the Mobilong irrigation area, a
retired site owned by SA Water. Two paddocks were used, one
as the trial site and one as a control. The mole ploughing was
undertaken to a depth of 700 mm and ran along several
parallel lines aligned with the length of the paddock
approximately 4–5 m apart.
The ploughing was followed by a series of irrigation events,
which helped to spread the lime in the subsoils. Regular
monitoring was conducted to document change in acidity in
the acidic soil zone.

From wetlands to wasteland: it's not just oceans that can turn acidic
Kath Kovac, Ecos magazine

Source

Around 2007–2009, at the end of the Millennium Drought, large areas of the lower Murray–Darling
Basin in South Australia had slowly turned from fertile, irrigated farmland and ecologically diverse
wetlands into dried out wastelands of cracked soil and mud.
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Bright-yellow acid salts on the surface of an exposed lake bed in South Australia’s Lower
Lakes, with pH indicator strip showing low pH values of 2.5 – comparable to acid levels
inside the human stomach.
Credit: Rob Fitzpatrick, CSIRO

The soil in much of this area contains iron sulfide minerals. While submerged, this sulfidic mud was
harmless. But, during the drought, the material was exposed to oxygen in the air for the first time in
more than 100 years. The sulfide in the soil reacted with the oxygen in the air, forming sulfuric acid.
The resultant soils, known as acid sulfate soils with sulfuric material, have a pH of less than 4, and can be
as low as 1.6 in some areas – almost as strong as car battery acid.1 Nothing can survive in soils like these.
Joanne and Barry Pfeiffers were among the many farmers badly hit by the drought in South Australia’s
Lower Murray Irrigation Area – an area underlain with acid sulfate soils. With their irrigation
entitlements cut and unable to keep their paddocks watered, the Pfeiffers’ once-profitable dairy farm
just dried out.
‘The soil cracked, all of our irrigation infrastructure destabilised and fell over – pretty much all of our 84
ha was totally destroyed,’ Mrs Pfeiffers recalls.
‘We are talking about cracking to at least 1200 mm deep and up to 600 mm wide. You couldn’t drive a
four-wheel motorbike down there, you couldn’t even get a tractor in. We even lost about 35 cows that
fell in the holes and injured themselves.’
In wetland areas, previously submerged lake beds in the Lower Lakes, including around Lake Alexandrina
and Lake Albert, were completely exposed. Several Ramsar-listed and many other wetlands became dry
and lifeless.
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Once a vibrant wetland, Jury Swamp – which lies in the Lower Murray between Mannum and Murray Bridge –is
now a cracked wasteland of sulfuric acid soil. Credit: Rob Fitzpatrick, CSIRO

The drought itself was hard enough for both farmers and the natural environment to cope with. But,
once these soils became wet again, another problem surfaced. The acids contained in the soils acidified
the water, and some metals – including aluminium, iron and arsenic, which were previously immobilised
in the mud – dissolved in the water to form a toxic soup.
‘We were unaware of the significance of what was happening below our metre of top soil until we
started to water again,’ says Mrs Pfeiffers. ‘Water came across the paddocks, and all of a sudden it was
orange.’
It wasn’t only farmland and wetlands that were affected. The toxic water also threatened to potentially
contaminate Adelaide’s drinking water supply.
Professor Rob Fitzpatrick, Director of the Acid Sulfate Soil Centre at the University of Adelaide, says it
was just lucky that when the drought broke, it broke in a big way.
‘We fortunately had two significant floods come through that covered the whole area in the lower
Murray,’ he says. ‘If just a little bit of water came down, then that water would have stayed acidic. But
more water came down and filled the whole area up, so it diluted the acid and metals in the water...we
were very lucky.’
However, while the area now looks okay on the surface, the problem hasn’t gone away. Sitting beneath
the water, the acid soil remains in several areas. But now, the soil has no or little buffering capacity – in
other words, little ability to keep the pH level stable.
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‘Before, the soils had substantial buffering capacity to acidification, because they contained calcium
carbonates,’ explains Prof. Fitzpatrick.
The calcium carbonates were derived from carbonate fragments formed in soils (e.g. calcrete) and from
shells. Now, these minerals have been destroyed by the acidity, and cannot reform quickly.
This means that when the next drought comes along, the now-degraded soils will become even more
acidic, and to a greater depth. And, it seems that another drought could be heading our way sooner
rather than later.
‘We’ve started to see a return of a Millennium Drought signature in rainfall,’ says Dr David Jones,
Manager of Climate Monitoring and Prediction at the Bureau of Meteorology.
‘The last few years, more often than not, we’ve had below average rainfall, [and] we are heading for yet
another below-average rainfall year in southern Australia.’
After the soils have been re-exposed, then what happens when the second drought breaks? The same
problem arises – but on a much bigger scale.
‘When these soils are subsequently rewet, a greater volume of water would then become even more
acidic, and there’s going to be a much bigger problem,’ says Prof. Fitzpatrick.

Dr Paul Shand (CSIRO and the Acid Sulfate Soils Centre) investigates
one of the vast exposed lake beds in South Australia’s Lower Lakes,
which have formed yellow acid sulfate soils with sulfuric material
(with pH less than 2).
Credit: Rob Fitzpatrick, CSIRO

So what can be done? Making sure that water stays in the river and the lakes is one part of it, according
to Prof. Fitzpatrick. He’s also been involved in trialling water acidification treatment in wetlands by
applying lime. The South Australian Government, along with CSIRO, Flinders University and the
University of Adelaide, collaborated in a project that aerially spread hundreds of tonnes of fine
limestone into acidic waters of the Lower Lakes in 2010, during the height of the reflooding.
After several months, the limestone had neutralised the acidic water and reduced the concentration of
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dissolved toxic metals. However, the soils are still acidic today, with the researchers estimating that full
recovery could take decades or even longer.
But, by having neutralised the surface water, the scientists hope to have triggered microbial processes
that might one day again support aquatic life.
Prof. Fitzpatrick notes that reintroducing phragmites reeds – the type found in marshlands all over the
world – might help rehabilitate some of the area’s devastated farmland. He is also leading a project to
map the extent of acid sulfate soils, which are found in many areas of Australia, not just the lower
Murray. This will result in a web-based hazard assessment tool aims to help farmers and land managers
identify areas of concern.

Dr Shand points out areas of burnt sulfidic material in Jury Swamp soil, which has formed red brick-like
fragments.
Credit: Rob Fitzpatrick, CSIRO

While recovery from water acidification is possible – even though it may take decades or even hundreds
of years – there’s a darker side to acid soils in our drying climate.
In the lower Murray, Mussel Lagoon and Jury Swamp became so dry that during a bushfire, the extreme
temperatures actually melted and fused the soil into brick-like fragment. The soil was changed forever in
a completely irreversible process.
Can such an area ever be rehabilitated? ‘I’m not saying you’ll never [rehabilitate],’ says Prof. Fitzpatrick,
who was involved in a study of the swamp’s dramatic soil transformation. ‘But, there is now less friable
and fertile soil in that wetland, because of the abundance of hard brick-like fragments. ‘With time,
though, it is possible to grow wetland plants there.’
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Announcement of the 8th International Acid Sulfate Soil Conference in Maryland
USA 2016
Dr Leigh Sullivan, Chair - International Acid Sulfate Soils Working Group
The 8th International Acid Sulfate Soil Conference will be held at College Park, Maryland, USA from 17th
to 23rd July 2016.

Image: Conference website

The first International Acid Sulfate Soil Conference on acid sulfate soils was held in Wageningen, in the
Netherlands in 1972. This conference was followed by International Acid Sulfate Soil Conferences in
1981 (Bangkok, Thailand), and in 1986 (Dakar, Senegal). The past three International Acid Sulfate Soil
Conferences (held in Tweed Heads, Australia 2002, Guangzhou, China 2008 and Vaasa, Finland 2012)
have all attracted well over 100 attendees from around the globe.
The 8th International Acid Sulfate Soils Conference in Maryland USA will provide a forum for the
exchange of ideas regarding the origins, properties, management, classification and reclamation of Acid
Sulfate Soils.
It will also include components for the education of those less familiar with Acid Sulfate Soil issues and
problems (including engineers, geologists, geographers, politicians/lawmakers, environmental control
organizations and agencies and the general public).
Three days will be designated for oral and poster presentations (July 18, 19 and 21). Additionally, 2-3
field tours are planned throughout the week.
Information on this conference can be found at http://www.midatlanticsoilscientists.org/acid-sulfate-soilsconference
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Queensland Acid Sulfate Soil Training Courses
Jon Walton
A series of public Acid Sulfate Soil (ASS)
training courses will be held across
Queensland during 2015, delivered by
Jon Walton on behalf of O2
Environmental Training.
This 1 day course aims to provide
attendees with a sound introduction to
the identification, assessment and
management of ASS in Qld. Council
planning schemes, the new State
Planning Policy and the Environmental
Protection Act all require ASS to be
managed appropriately to minimise
impacts to the environment and
infrastructure. ASS can be very complex
to understand and assess, hence the need for training for staff who regularly encounter with ASS issues.
The course will also provide an introduction to the revised 2014 Soil Management Guidelines, including
the new Closure Reporting and Handover Testing stage.
A similar course is available for government officers, which focuses on assessment of ASS reports.
Jon has over 15 years of experience in ASS assessment and management in the public and private
sectors. While with the Qld government, Jon conducted ASS mapping, provided technical advice on
many hundreds of development applications and delivered training. Since joining the private sector, Jon
has undertaken ASS investigations, prepared management plans and provided training to a range of
audiences.
Jon has run a number of ASS courses, including a successful course in Brisbane October 2014 which was
well attended by a range of staff including Council development assessment officers, environmental
consultants and engineers.
Dates and locations are listed below. Further details and online bookings are available at
http://o2training.com.au/courses/introduction-to-acid-sulfate-soils-planning-identification-andmanagement/
Date

Location

27/03/2015

Sunshine Coast

30/04/2015

Gold Coast

29/05/2015

Gladstone

25/06/2015

Mackay

31/07/2015

Townsville

28/08/2015

Brisbane

9/10/2015

Cairns
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eSPADE provides free NSW soil information online
NSW Office of Environment and Heritage

Source

NSW landowners now have access to fine details about what’s in their soil without lifting a shovel or
stepping outside, through the NSW Government’s new online soil mapping database eSPADE.
NSW Office of Environment and Heritage (OEH) Acting Director of Science Greg Summerell said eSPADE
for the first time places detailed soil landscape mapping covering 60 per cent of the state into an
interactive online environment.
“The soil landscape information provides a compendium of natural resource information that describes
not only soil and landscape features— such as geology, topography, native vegetation and soil type - but
also information about the capability of the land and the fertility of its soils,” Mr Summerell said.
“eSPADE is a new internet based information system that allows free, easy map based access to soil and
land information from across NSW.
“That means that farmers, consultants, Local Land Services and anyone who needs the information now
have detailed information at their fingertips about the soil type, geology and topography of the land
whether they are standing on the spot, or 500km away.”

eSPADE uses Google Maps to display information from the NSW soils database SALIS (Soil and Land
Information System), which is managed by the NSW Office of Environment and Heritage (OEH).
It makes available detailed soil landscape mapping covering some 509,000 km2 of NSW and almost
40,000 profile descriptions.
It is valuable information used by everyone from individual farmers planning how to best use their
cropping land and to agencies carrying out fauna and vegetation surveys for large scale land use
planning such as the revised Mining SEPP gazetted in January this year.
“With both desktop and mobile versions it is a significant leap forward in the accessibility of natural
resource information in NSW, which was previously only available by buying maps and reports in hard
copy or DVD,” Mr Summerell said.
eSPADE is available free at http://www.environment.nsw.gov.au/eSpadeWebApp/
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New Everlasting Swamp National Park, Clarence, NSW

Image: NSW Office of Environment and Heritage

On 14 November 2014, the NSW Minister for the Environment announced the creation of the
Everlasting Swamp National Park, with an additional 1700 ha of wetland added to the existing
Everlasting Swamp State Conservation Area, bringing the total area to more than 5000 ha, or
approximately 90% of the former wetland.
The National Parks and Wildlife Service plans to restore the wetland by developing a more natural
hydrological cycle, to better manage the acid sulfate soils present in this identified ASS hotspot, and to
support a more sustainable fishing industry for the Clarence River.
http://www.abc.net.au/environment/articles/2014/11/12/4126866.htm

Is jarosite masking signs of Martian life ?
Lisa Grossman, New Scientist

Source

Martian minerals could destroy organic compounds, the molecules necessary for life, as we search for
them. A new study shows that heating a mineral called jarosite makes it break up organics before we
have a chance to observe them, muddying the results from the Martian rover Curiosity.
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Image: NASA

Mars fans can be forgiven for a sense of déjà vu. The same problem may have plagued the 1976 Viking
lander, the first spacecraft to search directly for Martian organics by heating powdered rock in its oven.
When it failed to find any, researchers were surprised: comets, meteorites and interplanetary dust
particles have been bringing organic material to the Red Planet throughout its history. Why weren't
there any to be found?
In 2008, the Phoenix Mars lander suggested an explanation. The lander identified the presence
of perchlorates, a compound ion combining chlorine and oxygen. When heated, perchlorates break
down and release an oxygen atom, which splits organic molecules apart. So instead of seeing organics
themselves, Viking may have seen the by-products of their reactions with chlorine and oxygen.
"We were wondering if perchlorates were the only minerals on Mars that would have a negative
influence on detecting organic compounds," says James Lewis at Imperial College London. Jarosite, a
sulfate salt that forms in the presence of acidic water, also gives up an oxygen atom when heated to
about 500 oC.
Climate shift
The presence of the mineral also marks a shift in Martian climate, when a neutral, drinkable waterrich environment gave way to more acidic conditions. Previous rovers and orbiters have seen jarosite in
various Martian locales, and Curiosity, which landed in 2012 and is currently climbing a mountain that
preserves Mars's geological history, just reported its first evidence of jarosite earlier this month.
Conveniently for Lewis and his colleagues, jarosite also forms on Brownsea Island in Dorset, UK. "There
are micro-environments here that are very relevant to Mars," says Mark Sephton, Lewis's PhD advisor.
"We don't have to go all the way to Rio Tinto in Spain or Yosemite in the US to get our samples."
Lewis removed layers of rock rich in both jarosite and organics from cliff faces on the island and brought
them back to the lab to grind them into powder and heat them. He heated the powder from 400 to
1000 oC in 100 oC increments, to find out which compounds appeared at each temperature. This is
similar to the technique used in Curiosity's SAM (Sample Analysis at Mars) instrument.
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"We never detected the organics we knew were in the sample," he says. Instead, they saw sulfur
dioxide, carbon dioxide, carbon monoxide and water – exactly what you would expect if the jarosite
reacted with the organics and broke them down into other carbon compounds.
"If Curiosity was doing a similar experiment on Mars, and dealt with a mixture of jarosite and organics, it
wouldn't be able to detect them," he says.
Curiosity, we have a problem

Source: NASA

This isn't just a problem for Curiosity, whose primary mission doesn't include searching for signs of life
today. The European Space Agency's ExoMars rover, due to launch in 2018, will hunt for life – and it also
uses a heating technique to hunt organics.
There is hope, though. Jarosite and related minerals come in many different forms, some of which don't
fall apart until they reach much higher temperatures. The key, Sephton says, will be choosing the right
samples to analyse. It might also be possible to interpret the decomposition products to see if organics
were there to begin with.
"It's turning out to be more of a detective story than we first imagined," Sephton says. "It's making us
work for our science."
Jennifer Eigenbrode of Curiosity's SAM team says she's not surprised by the results, but they don't mean
SAM won't see evidence of organics if they are actually there. That's because organics come in many
forms. Depending on their size and how concentrated they are in the Martian soil, it might be difficult to
see them directly – but easy to see their by-products once sulfates or other minerals destroy them.
"Personally, I think if we were to see evidence of high temperature combustion due to the presence of
oxygen coming off of a mineral, as they suggest from sulphates, it might be a blessing in disguise," she
says. "The key is having a variety of experiments in your back pocket that you can pull out and search for
the organics in different ways. That's what SAM is doing."
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Latest publications
Beucher A, Frojdo S, Osterholm P, Auri J, Martinkauppi A, Eden P. (2015) Assessment of acid
sulfate soil mapping utilizing chemical indicators in recipient waters. Bulletin of the
Geological Society of Finland. In Press.
In Finland, poor water quality and associated ecological damage in the coastal streams related to land
use on acid sulfate (a.s.) soils has been drawing a considerable amount of attention since the 1950’s.
These soils originate from sulfide-bearing marine sediments mostly occurring in the coastal areas located
below the highest shoreline of the former Litorina Sea. Of the many previous studies carried out on soil or
water data, quite few gathered both and their geographic extent was relatively limited. This study aimed at
assessing a.s. soil probability maps using two chemical indicators measured in the recipient waters (i.e.
sulfate content and sulfate/chloride ratio) for 24 catchments along the Finnish coast. All the available data
was compiled for these catchments, which were surveyed using different methods (i.e. conventional
mapping and two spatial modeling techniques: fuzzy logic and artificial neural networks).
High sulfate contents and sulfate/ chloride ratios measured in these rivers were controlled by a.s. soils in
the corresponding catchments. The extent of the most probable areas for a.s. soils in the surveyed
catchments correlated with the two chemical indicators measured in the recipient waters, suggesting that
the probability maps created with different methods are reliable and comparable. The use of a.s. soil
related chemical indicators in water, thus, constitutes a complementary, independent and straightforward
tool to assess a.s. soil probability maps.

Wallin J, Karjalainen AK, Schultz E, Jarvistio J, Leppanen M, Vuori KM. (2015) Weight-ofevidence approach in assessment of ecotoxological risks of acid sulphate soils in the Baltic
Sea river estuaries. Science of the Total Environment. 508, 452-461.
Acidity and leaching of metals from acid sulphate soils (ASSs) impair the water quality of receiving
surface waters. The largest ASS areas in Europe are found in the coasts of the northern Baltic Sea. We
used weight-of-evidence (WOE) approach to assess potential risks in 14 estuary sites affected by ASS in
the Gulf of Finland, northern Baltic Sea. The assessment was based on exposure and effect profiles
utilizing sediment and water metal concentrations and concurrent pH variation, sediment toxicity tests
using the luminescent bacterium Vibrio fischeri and the midge Chironomus riparius, and the ecological
status of benthic macroinvertebrate communities. Sediment metal concentrations were compared to
national sediment quality criteria/guidelines, and water metal concentrations to environmental quality
standards (EQSs). Hazard quotients (HQs) were established for maximum aluminium, cadmium and zinc
concentrations at low pH based on applicable US EPA toxicity database.
Sediment metal concentrations were clearly elevated in most of the studied estuaries. The EQS of
cadmium (0.1 mu g/1) was exceeded in 3 estuaries out of 14. The pH-minima were below the national
threshold value (5.5) between good and satisfactory water quality in 10 estuaries. V. fischeri
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bioluminescence indicated toxicity of the sediments but toxic response was not observed in the C. riparius
emergence test. Benthic invertebrate communities were deteriorated in 6 out of 14 sites based on the
benthic invertebrate quality index. The overall ecotoxicological risk was assessed as low in five, moderate
in three and high in five of the estuary sites. The risk assessment utilizing the WoE approach indicated
that harmful effects of ASSs are likely to occur in the Baltic Sea river estuaries located at the ASS hotspot
area.

Wong VNL, Johnston SG, Burton ED, Hirst P, Sullivan LA, Bush RT, Blackford M (2015)
Seawater inundation of coastal floodplain sediments: Short-term changes in surface water
and sediment geochemistry. Chemical Geology 398, 32-45.
Coastal floodplains are highly vulnerable to seawater inundation as a result of storm surge and sea-level
rise due to their low elevation and proximity to the coastline. Intact soil cores from a levee, acid-sulfate
soil scald and four backswamp sites on a coastal floodplain in eastern Australia were inundated with
artificial seawater treatments (0%, 50% and 100%) for 14 days to examine the short term consequences
for surface water and floodplain sediment geochemistry. All sites displayed an initial decrease in surface
water pH following inundation with 50% and 100% seawater. In addition, higher concentrations of trace
metals (Al, Fe, Mn, Ni and Zn) were observed in most sites inundated with 50% or 100% seawater. This
was generally attributed to competitive exchange and desorption of trace metals from sediments due to
the higher ionic strength of the seawater solutions and upward diffusive flux of metals from the sediments
to surface waters. At one backswamp site, reductive processes had established by day 7, which also
resulted in elevated Fe2+ concentrations in the overlying surface waters.
Transmission electron microscopy (TEM) identified the presence of poorly crystalline ferrihydrite and
schwertmannite, and goethite and jarosite. These meta-stable Fe(III) minerals can act as a source of
metals for desorption and can also be readily reduced and act as a source of Fe2+ to surfacewaters.
Importantly, inundation with either 50% or 100% seawater resulted in a similar magnitude of acidity and
trace metal mobilisation. The data suggest that an inundation event of ~0.2 m depth with either 50% or
100% seawater could cause a pulse mobilisation of up to 64.8 and 9.1 kg ha−1 of Fe and Al,
respectively—quantities of similar magnitude to previous estimates of annual drainage fluxes from similar
backswamps. This study suggests that the short term inundation of coastal floodplain sediments by either
brackish water or seawater will result in rapid declines in surface water quality as a result of increased
liberation of acidity and trace metals

Panhwar QA, Naher UA, Radziah O, Shamshuddin J, Razi IM. (2015) Eliminating aluminium
toxicity in an acid sulfate soil for rice cultivation using plant growth promoting bacteria.
Molecules. 20, 3628-3646.
Aluminum toxicity is widely considered as the most important limiting factor for plants growing in acid
sulfate soils. A study was conducted in laboratory and in field to ameliorate Al toxicity using plant growth
promoting bacteria (PGPB), ground magnesium limestone (GML) and ground basalt. Five-day-old rice
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seedlings were inoculated by Bacillus sp., Stenotrophomonas maltophila, Burkholderia thailandensis and

Burkholderia seminalis and grown for 21 days in Hoagland solution (pH 4.0) at various Al concentrations
(0, 50 and 100 μM). Toxicity symptoms in root and leaf were studied using scanning electron microscope.
In the field, biofertilizer (PGPB), GML and basalt were applied (4 t·ha−1 each).
Results showed that Al severely affected the growth of rice. At high concentrations, the root surface was
ruptured, leading to cell collapse; however, no damages were observed in the PGPB inoculated
seedlings. After 21 days of inoculation, solution pH increased to >6.0, while the control treatment
remained same. Field study showed that the highest rice growth and yield were obtained in the biofertilizer and GML treatments. This study showed that Al toxicity was reduced by PGPB via production of
organic acids that were able to chelate the Al and the production of polysaccharides that increased
solution pH. The release of phytohormones further enhanced rice growth that resulted in yield increase.

Creeper NL, Shand P, Hicks W, Fitzpatrick, RW. (2015) Porewater geochemistry of inland acid
sulfate soils with sulphuric horizons following postdrought reflooding with freshwater.
Journal of Environmental Quality. doi:10.2134/jeq2014.09.0372
Following the break of a severe drought in the Murray–Darling Basin, rising water levels restored
subaqueous conditions to dried inland acid sulfate soils with sulfuric horizons (pH <3.5). Equilibrium
dialysis membrane samplers were used to investigate in situ changes to soil acidity and abundance of
metals and metalloids following the first 24 mo of restored subaqueous conditions. The rewetted sulfuric
horizons remained severely acidified (pH ∼4) or had retained acidity with jarosite visibly present after 5
mo of continuous subaqueous conditions. A further 19 mo of subaqueous conditions resulted in only
small additional increases in pH (∼0.5–1 pH units), with the largest increases occurring within the
uppermost 10 cm of the soil profile. Substantial decreases in concentrations of some metal(loid)s were
observed with time most likely owing to lower solubility and sorption as a consequence of the increase in
pH.
In deeper parts of the profiles, porewater remained strongly buffered at low pH values (pH <4.5) and
experienced little progression toward anoxic circumneutral pH conditions over the 24 mo of subaqueous
conditions. It is proposed that low pH conditions inhibited the activity of SO 42−–reducing bacteria and, in
turn, the in situ generation of alkalinity through pyrite production. The limited supply of alkalinity in
freshwater systems and the initial highly buffered low pH conditions were also thought to be slowing
recovery. The timescales involved for a sulfuric horizon rewetted by a freshwater body to recover from
acidic conditions could therefore be in the order of several years

Fall ACAL, Montoroi JP, Stahr, K. (2014) Coastal acid sulphate soils in the Saloum River basin,
Senegal. Soil Research. 52, 7, 671-684.
Soils in boundary conditions of contrasting ecosystems generally show unique features. Transition often
leads to changes in soil-forming processes, whereby the environment never comes to equilibrium and
therefore the soil chemistry and mineralogy show different influences. Such an environment was
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analysed in the Saloum River basin, west-central Senegal. The objective was to identify the main
pedogenic processes prevailing in this saline and acid pedoenvironment and to assess the influence of
environmental factors (climate, topography, soil salinity and acidity) on local soil formation and mineral
distribution. The terrace landscape is built up by a floodplain, a low terrace, which is still influenced by
groundwater, and a middle terrace.
The results show that soil properties are strongly influenced by hydrology, salinity and acidity in the entire
toposequence: Gleyic Hyposalic and Hypersalic Solonchaks (Sulfatic) in the floodplain, Haplic Gleysols
(Thionic) in the low terrace, and Endogleyic Arenosols in the middle terrace. The oxidation of pyrite
followed by the redistribution of the main products (Fe2+ and SO42-) represents the major chemical
process responsible for iron oxide and jarosite formation. Mineral distribution and crystallinity are linked to
the landscape position, which controls the hydrological behaviour and reactions of Fe and S ions. Finally,
we observed intrapedon processes such as gleysation, sulfidisation and sulfurisation, as well as
interpedon processes such as salinisation, colluvio-alluviation and lateral eluviation. The combination of
processes depends strongly on the landscape positions.

Vithana CL, Sullivan, LA, Burton ED, Bush RT. (2015) Stability of schwertmannite and jarosite
in an acidic landscape: Prolonged field incubation. Geoderma. 239, 47-57.
Schwertmannite and jarosite are two of the main secondary iron(III) minerals commonly found in acidic,
iron and sulfate-rich environments such as acid mine drainage and coastal acid sulfate soils (CASS).
Both minerals exert major influence on the water and soil quality in these environments. While there are
many studies conducted on the stability of these two minerals under controlled laboratory conditions, the
behaviour of schwertmannite and jarosite under field conditions and the factors influencing their
behaviour have not been investigated directly. In the present study, we examined the net transformation
of introduced schwertmannite and jarosite samples incubated in a typical acidic CASS environment. Pure
(synthetic) schwertmannite and jarosite samples were exposed to two main chemical regimes: 1) aerobicacidic water column and 2) anaerobic-neutral sediment in a CASS environment. Changes in mineralogy,
micromorphology, and composition of schwertmannite and jarosite samples were monitored over a period
of 12 months.
Schwertmannite suspended in the water column and buried in sediments transformed to goethite by the
end of 12 months but more quickly in anoxic, reducing sediments. However, schwertmannite incubated in
the acidic water column transformed at a much faster rate than those reported for acidic and aerobic
conditions in the laboratory. Jarosite incubated in both the water column and sediments was also
transformed to goethite but at a much slower rate than schwertmannite. Dissimilatory microbial reduction
and Fe2+-catalysed transformation likely played a major role in accelerating the transformation of both
minerals to goethite in sediments. The transformation of both minerals in the water column was sensitive
to the hydrological conditions and fluctuations in the water column in relation to antecedent rainfall. In
comparison, the sediment's geochemistry was relatively stable and consequently the rate of
transformation and dissolution of both schwertmannite and jarosite in this environment was not
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appreciably affected by variable hydrology.

Johnston SG, Burton ED, Hagan R, Aaso T, Tuckerman, G. (2015) A revised method for
determining existing acidity in re-flooded acid sulphate soils. Applied Geochemistry. 52, 1622.
Titratable actual acidity (TAA) is a technique commonly used to estimate the existing pool of
exchangeable H+ in acid sulfate soils (ASS). A widely adopted version of the TAA method involves
titrating a 1M KCl suspension of oven-dry soil (1: 40) with NaOH to a known pH endpoint. However, when
ASS are subject to long term re-flooding during wetland remediation, former sulfuric horizons can develop
substantial quantities of porewater Fe2+, non-sulfidic solid-phase Fe(II) and a variety of reduced inorganic
sulfur (RIS) species (e.g. pyrite, mackinawite, greigite and elemental sulfur). For these sediments, an
oven-drying approach may induce oxidation of the abundant Fe(II) and/or reactive RIS species, thereby
generating H+ and leading to overestimation of existing in situ exchangeable H+. In this study, we
compare TAA via the standard approach (1M KCl; 1: 40; oven-dry soil, 4 hr extract; TAA(D)) with an
identical O2-free extraction approach using wet-sediment (TAA(W)). We apply both methods to former
sulfuric horizon sediments from freshwater re-flooded ASS wetlands.
There are significant (alpha = 0.01) differences (up to 12x) between TAA measured by the two methods,
with the oven-dried standard approach overestimating TAA relative to the wet, O2-free approach in 85%
of cases. Despite the fact that all AVS-S and some S(0) was oxidised during the oven-drying process, the
increases in TAA (TAA(D)-TAA(W)) show very weak correlation(s) with corresponding losses in RIS
species or increases in water soluble sulfate and KCl extractable sulfate. However, oven-drying caused
substantial loss of 1M KCl exchangeable Fe(II) and 1 M HCl-extractable Fe(II) and led to large increases
in 1 M HCl-extractable Fe(III). These changes in Fe fractions displayed strong positive linear correlation
(alpha = 0.01) with increases in TAA. Although this is not evidence of causality, it suggests that oxidation
of Fe(II) species is playing an important role in the development of additional exchangeable H+ and may
be largely responsible for the contrasting TAA derived by the two methods. The differences in TAA
between the two methods are greatest in organic-rich surface sediments and are significantly positively
correlated with total organic carbon content. These findings have major implications for accurately
assessing TAA in re-flooded ASS wetlands.

Osterholm P, Virtanen S, Rosendahl R, Uusi-Kamppa J, Ylivainio K, Yli-Halla M, Maensivu M,
Turtola E. (2015) Groundwater management of acid sulphate soils using controlled drainage,
by-pass flow prevention, and subsurface irrigation on a boreal farmland. Soil & Plant Science.
65, 110-120.
Sulfide-bearing anoxic sediments are found in coastal regions around the world including Australia and
the Baltic. Upon lowering of the groundwater by drainage, they are oxidized and form acid sulfate soils
(pH < 4) that mobilize plenty of potentially toxic metals into watercourses with serious environmental
consequences. Being highly valued for their excellent crop yields, there is an urgent need to find
management solutions that minimize the oxidation. In this study, possibilities to manage the
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groundwater with controlled subsurface drainage (CD) and subsurface irrigation (CDI), which included a
vertical plastic sheet to prevent by-pass flow into the main drain, was examined on a Boreal farmland in
Western Finland.
During a 3-year study, the groundwater in the reference field (Ref) with conventional subsurface drainage
pipes at 1.1–1.4 m depth typically dropped down to almost 2 m at the end of summer (September) due to
evapotranspiration exceeding precipitation. CD delayed the groundwater drop, shortening the time of
oxidation. In CDI system, the groundwater could be kept at c. 1 m or shallower throughout the summers,
thereby preventing oxidation of critical sulfide horizons in the lower subsoil. Differences in total discharge
and soil geochemistry features were small during the course of the study period. Salt accumulation
seemed to be a small risk for crop growth but the capillary rise of acidity to the surface horizon may be
increased in CDI, possibly increasing the need for surface liming. A “floating groundwater antenna,”
indicating groundwater fluctuations, proved to be an easy and reliable tool to farmers for proper
management of controlled drainage.
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