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Summary

In 2000, approximately 4000 ha of acid sulfatessGdSS) was identified on relatively undisturbeadan
Moreton Bay Regional Council, southeast Queendl@ndthet al. 2000) based on broad scale 1:100 000
maps. Increased development pressure in MoretgrRBgional Council has resulted in the need foremor
precise data to guide the Council’s processes stemsiwith theState Planning Policy 2/02: Planning and
Managing Development Involving Acid Sulfate Saitg]integrated Planning Act 1997.

In 2006, Council focussed on the identificatioraofd sulfate soils in three priority areas along&on Bay
Regional Council's coastal zone. The project aias w0 develop maps based on medium resolutiot:66.
000) ASS mapping undertaken by the Department tdifdbResources and Water (NRW). This report
focuses on 1:25 000 scale acid sulfate soil ingastns of 367 hectares of land in the Beachmeya af
Moreton Bay Regional Council.

The investigation in the Beachmere area includedoréholes undertaken to a maximum depth of

7.6 metres. The 70 soil profiles were tliescribed and sampled (as per@wedelines for Sampling and
Analysis of Lowland Acid Sulfate Soils in Queers(@hernet al 1998)). The presence or absence of acid
sulfate soils was determined using both field atbiatory testing. Laboratory methods used inclute
Chromium Reducible Sulfur methoddgp and/or SPOCAS method (Aheehal.2004).

The accompanying 1:25 000 scale acid sulfate swlg displays the depth to the first occurrence ASS.
Of the 367 hectares investigated, 15 hectares foaral to contain actual acid sulfate soils (AASS&hw
existing acidity up to 0.17 %S at shallow deptthatop 1.0 m. Of the remaining 352 hectares,mniate
acid sulfate soils (PASS) with up to 2.7 %S weranfibto occur at various depths ranging from leas th
0.5 m to 4 m below the surface.

These results indicate the need for caution inmifapand managing developments in the Beachmeegesare
as to avoid costly damage to the environment acal lofrastructure. Additional investigation wile
required prior to construction or excavation tosfatthe recommendations of tBampling Guidelines
(Ahernet al 1998).



1. Introduction and brief overview of acid sulfate sols

Acid sulfate soil (ASS) is the name given to naturaccurring sediments (sands, silts, or clays} ttontain
sulfides, primarily iron sulfides (F@S The sulfides remain chemically stable whileibédiin oxygen-free,
waterlogged environments. However, when exposedygen, they undergo a series of chemical reastion
resulting in the production of sulfuric acid. Asexample: one tonne of iron sulfides can prodiboeibl.5
tonnes of sulfuric acid when oxidised. This camehaajor environmental, heaJthnd engineering impacts.

In an undisturbed, waterlogged state ASS may rénoge dark grey silty clays to grey sands and pett w
pH values close to neutral (6.5-7.5). In thisesthey are termed potential acid sulfate soils (P& cause
they have the potential to oxidise and produceusalbicid. When ASS are exposed to air, the sedfid
oxidise and sulfuric acid is produced. In thigesthey are known as actual acid sulfate soils (BAS
AASS are very acidic (pH <4), and often contairtravg yellow mineral called jarosite. The term ASS
includes both AASS and PASS. AASS and PASS aendtiund in the same soil profile, with AASS
generally overlying PASS as surface layers are rikgly to be exposed to oxidation.

In recent years, increasing development pressamisylarly in coastal areas of southeast Queeddiane
resulted in the need for more detailed informatibout acid sulfate soils. In 2006 a jointly fungedject
between the Moreton Bay Regional Council and thpdttenent of Natural Resources and Water led to the
commencement of acid sulfate soil mapping withim Iging (<5 m AHD) areas of Moreton Bay Regional
Council. Three key areas were identified by Columsgresentatives (Beachmere, Bribie Island and
Toorbul-Donnybrook).

This report details the acid sulfate soil mappindertaken in the Beachmere area (Figure 1). Ruevio
mapping undertaken by the Department of NaturabRegs and Water (1:100 000 scale Redcliffe to
Teewah Map 2 Ref. NR&M — SEA | AO 3261, 2003) hdernitified the likelihood of acid sulfate soils het
Beachmere area however the broadscale naturesofititk makes it unsuitable for local council plargi
purposes. The aim of the more detailed work waddntify the presence, depth and net acidity af ac
sulfate soils within the study area and presergehesults as a map along with an accompanyingtrepo

2. Survey area

The Beachmere high priority ASS study area is dlgmeainsula comprising 367 ha, extending northnfro
the mouth of the Caboolture River approximatelyll@&metres following the coastline, and 1.8 kmghe
west at its widest poinF{gure 1). Itis characterised by coastal plain and esteadeposits (Cranfielet al.
1986). The coastal plain deposits which consisia@bcene age beach ridge sands and shelly samdd?)
dominate the eastern and central parts of the sttehy, whilst the estuarine deposits consistirldadbcene
age tidal flat sands and muds (Qhct) dominate déhern and western parts.

Flood (1980) described a prograded sequence ofclo#tidal flat environments preserved on the abast
plain surrounding Beachmere, with several periddgoretion evident. He also identified that thedm
present in the study area originated from Cabo®IRiver, Burpengary Creek and possibly the Brisbane
River, whereas the sand originated from the nontleetrance of Moreton Bay between Bribie and Mareto
Islands.

McClure (1995) identified four stages of coastalipldevelopment from Beachmere to Sandstone Point:

e Stage 1 (6500-3300 yrs before present) was thedgefimaximum Holocene sea levels when the
most landward beach ridges to the west of Beachf@edsin Beach were formed.

e Stage 2 (3300-1000 yrs before present) involvedidvelopment of the coastal lowland swamp on
the seaward side of the beach ridges formed d@&iage 1.

» Stage 3 (~1000 yrs before present) involved the&bion of a new beach ridge system to the east of
the coastal lowland swamp. This beach ridge systamists of a large landward ridge and several
smaller seaward ridges (Largal. 1998).

e Stage 4 (present day development) consists ofrtigression of smaller beach ridges with
associated supratidal and upper intertidal swahmtseixist to the present day.



Vegetation in the study area consists of commongmmase andCasuarinavegetation on the tidal flats and
swamps of the southern and western parts @ittymbia, Eucalyptus, Melaleuca, Casuarer@dAcacia
species dominating the beach ridges in the cemticheastern parts.
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Figure 1. Location of the Beachmere high priority ASS maygpérea
3. Methodology

3.1. Sampling equipment

Sampling was undertaken with a Geoprobe model 6B16Ping machine. The Geoprol@ldte 1) is a
track-mounted machine that obtains a 38 mm soé ood.5 m long removable clear PVC liners. Thase
photographed for the record before being samplddiasessed.

2



Plate 1. Geopr model 6610DT track-mounted corm acie

3.2. Location of sites, profile description and sampling

Sample sites were selected using the free surebyitgue (Reid 1988) with the aid of aerial phot@dra
and ortho photo maps supplied by Moreton Bay Redi@ouncil. Due to the landform complexity of the
Beachmere area, soil sampling was completed agreehintensity i.e. 1:25 000 scale (approx. 5.3it&)/.

The survey area contains a wide variety of soiegypncluding difficult-to-sample waterlogged muds,
monosulfide sediments, non-aggregated sands anpdails with a massive structure. The sites also
included areas which had been significantly digdrlto sites in a virtually virgin state.

The soil profiles were described using the nomeuataof theAustralian Soil and Land Survey Field
HandbookMcDonaldet al. 1990). Decoded borehole descriptions can beise®ppendix 1. Soll
properties recorded included horizon depth, colbeid pH, field pH after oxidation with 30% peroxide,
mottles, texture and coarse fragments (eg. steelllypdecomposed plant material). Soil pH was réed at
0.25 m intervals down the profile, firstly in a lsahd water paste () and secondly after oxidation with
30% hydrogen peroxide (pbk). The level of effervescence produced duringatiesx test was also
recorded Appendix 1). A large difference (eg. 3—4 pH units) betweél pnd pHoy, together with
significant effervescence is an indicator of PASS.

The profile was sampled according to Gidelines for Sampling and Analysis of Lowlandd/Aulfate Soils
in QueenslangdAhernet al 1998) at the following intervals (except wheresth crossed horizon boundaries):
0-0.1 m, 0.2-0.3 m, 0.5-0.6 m, 0.8-1.0 m and thaneavals of 0.5 m. Soil samples were colledtech

each of the boreholes. Samples were placed iagsphstic bags and refrigerated immediately. Upon
returning to the laboratory, samples were driedt®hours and fine ground (<1 mm).



3.3. Database recording

All field and laboratory data was entered into 8wl and Land Information (SALI) database, designed
specifically for land resource surveys conductedhgyDepartment of Natural Resources and Water.
Terminology and codes in SALI are consistent whithAustralian Soil and Land Survey Field Handbook
(McDonaldet al. 1990).

3.4. Laboratory analysis

Laboratory analyses are performed to quantify nielitg (ie. actual acidity plus potential acidigsis any
naturally occurring acid buffering capacity) wittetchoice of the methodology being determined by
whether the soil layer in question, is deemed AABEBASS according to field morphology. Two laborgt
methods have been used to determine the net awiitlityall laboratory analysis carried out in accamde
with theAcid Sulfate Soils Laboratory Methods Guidelifgbernet al 2004). Please see the Glossary
(Section 8) for detailed explanation of laborat@myms and acronyms.

A summarised version of the laboratory data disptagctual acidity, potential acidity, net acidégd

liming rate (including a 1.5 safety factor) is pided inAppendix 2. Full details of laboratory analysis are
available upon request from NRW. Due to budgestraints only selected samples were analysed by the
full SPOCAS method to determine actual acidity aeldl neutralising capacity. The samples seleated f
analysis were based on the morphological dataatetleat the site. The method colummppendix 2

shows the method used to calculate net acidity

3.4.1 Chromium Reducible Sulfur{9

The Chromium Reducible Sulfur {& method (Method 22B) as described by Sullieaal (2004)
measures reduced inorganic sulfur compounds inauplyrite (and other iron disulfides), acid volatil
sulfides (AVS) and elemental sulfur. The method loa made specific to the iron disulfide fractiomhw
appropriate pre-treatments to remove AVS and el@&hsalfur fractions. The Chromium Reducible Sulfu
method is the preferred method for low analysigisand for highly organic or peaty soil becausisof
specificity to reduced inorganic S, while not detigting organic sulfur. The method however does not
measure existing acidity.

3.4.2 Suspension Peroxide Oxidation Combined Acidity Sulfur method (SPOCAS)

The Suspension Peroxide Oxidation Combined Acialityt Sulfur (SPOCAS) method (Method 23) as
described by Aherat al (2004) measures both the ‘acid trail’ and thédftsurail’ providing data on pH,
retained acidity (S.s), actual acidity (TAA) and potential acidity{s TPA). The method also provides a
measure of neutralising capacity (ANCa, Mga).

3.5. Determination of PASS or AASS

The determination of which soil horizons constitateacid sulfate soil (ASS) was based on an assessh
field morphological properties (eg. texture, salaur, mottles and coarse fragments such as sfielt),pH
test results and laboratory results that met oeeded the texture based action criteria displayddble 1

Table 1. Texture-based action criteria (after Ahetral. 1998)

Soil Texture (clay content %) | Equivalent sulfur Equivalent acidity
(%S) (moles H/tonne soil)

Sands to loamy sandsK) 0.03 18

Loams to light clays (5—40) 0.06 36

Medium to heavy clays>@0) 0.1 62

« Potential acid sulfate soil{PASS) were assessed usirg 8nd $osanalytical results.

« Actual acid sulfate soils (AASSWwere determined by the presence of jarosite, Tég\llts as well as
field pH (pHF) and/or laboratory (pH KCI) values4br less.

« Neutralising capacitywas assessed using a combination of ANCE, CaA, M@, ANCBT and pH.



4. Description of soil map units

The mapping process is a way of presenting extreowhplex 3-Dimensional data in a 2-Dimensional
format, so that it can be input to management @ews At the 1:25 000 scale, it is possible tonidg areas
of high hazard; any disturbance of soils in thesasineeds to be carefully considered because thbertid
and heavy metals are released, then there arerbsitih and off-site effects.

The map units identify areas delineated by:

> the depth of soil at which acidity is first encoeratd; “A” refers to an actual acid sulfate soilday
(pH <4), while “S” refers to a potential acid sulfatel $myer. The numeric component of the map
code refers to the depth at which these layersrgbcea (0 to 0.5 m), 1 = (>0.5t01.0m), 2 = (el t
2m),3=(>2to3m),4=(>31t04m),5=(>45m)];

> the codes can be used separately (eg. A0, SOb&Iyhere a map unit contains both AASS and
PASS layers then the codes are combined (eg. AAER]);

> additional information is provided by code for azed strongly acidic (pH >4 argb) soil layers.

5. Map units of the study area

| The attached acid sulfate soils map displays the rpaunits identified in the study area. |

Table 2 shows the total area of each mapping lonigawith the percentage of the 367 hectare totd éhat
is occupied by each unit. It is noted that the &4Bund in the survey area (15 ha) has PASS |datosv
it (meaning that further disturbance has the capazirelease yet more acid and heavy metals).eMor
importantly, 100% of the area surveyed containsiapf acid sulfate soils—over half of which is hiit

2 metres of the surface.

Table 2. Area of individual map units

Map unit Map unit area | Percentage of mapping area
(ha) (%)
A0S1 10 2.7
A0S2 5 1.4
SO 93 25.3
S1 47 12.8
S2 39 10.6
S3 128 34.9
S4 45 12.3
Total area 367 100

5.1. Characterigtics of the map units

A0S1- This unit is located in the west of the studyaaadjacent to the Caboolture River. Two boreholes
were undertaken in this unit to depths of 6.0 rhe Predominantly sandy textured surface soils ifiedtin
the profiles appear to have originated from thgdaexcavationRlate 2 which extends from the Caboolture
River to the centre of this unit. The indicativalgw jarosite mottles were evident in the exposed
embankment leading into the excavatiBtafe 3. Jarosite mottles were also evident in the serfayers of
borehole CAB 96Rlate 4 where 0.15 %S at 0.4—0.6 m was measured. Grely$3ASS layers with up to
0.32% S were encountered down the profile frorm®16 5.5 m with clay PASS layers extending to 6 m
(Plate 4. In borehole CAB 97, a maximum of 1.17 %S wassoeed at 1.2-1.4m in a sandy clay loam
layer.



Plate 2. Large excavation in the centre of the AOS1 uni;gpoil will now contain activated ASS

e ch! 3 o #2T0  \n
Jarosite indicating activated ASS in soil assodiatéh previous excavation

-

Ite 3.



Plate 4. Yellow jarosite mottling in surface layers of CAB 9

A0S2- Situated immediately to the south of the AOSi, @inis unit covers approximately 5 Haléte 5.
Disturbance history seems to be similar to theiptes/unit with soil material excavated to form achel
which extends from the Caboolture River into theteeof the unit. Borehole CAB 4Plate 6 situated
immediately north of the excavation displayed AAS8%®.8 m consisting of sandy light clays with jates
mottles and very acidic field pH values of pH 3l6is likely that these materials were part of tniginal
excavation and have been used as fill. SPOCAYsinait 0.2 to 0.3 m revealed up to 0.1 %S with the
actual acidity component accounting for the majaoitthis. Grey sandy PASS with oxidisable sulawels
up to 0,6 %S dominated the profile however a sdigthy clay layer at 5.3-5.5m contained 2.2% S.

Plate 5. Borehole CAB 42 location in A0SO unit




Plat 6. Soil profile CAB 42, indicative Jarosite found @d1.8 m

S0- Six SO units covering approximately 93 ha haaenbidentified predominantly in low lying intertida
areas in the southern and western portion of tdysdrea, principally adjacent to the CabooltureeRand
Deception Bay. These areas are generally <0.5 12 Afth vegetation predominantly comprised of
mangrove specie®late 7). Unlike the previously discussed areas, minidisturbance was observed at
the time of sampling.

R ey B L

Plate 7. Low lying SO unit showing mangrove vegetation.
Soil textures throughout the boreholes undertakehdse units often displayed varying layers diidial
grey sands, sandy loams and sulfidic silty lightysl PASS often extended from the surface to depth
greater than 6 m at some sites. Laboratory asabfssamples collected within this mapping uniteaed in
excess of 2 %S (site CAB 86 at 1.2—2.2 Ripte 8. Some neutralising capacity (ie. shell fragmewnias
observed in several of the profiles, however leaetésgenerally insufficient to neutralise the pttdracidity
present. Medium to medium heavy clays likely foresent an older land surface were interceptedrae s
sites, generally at depths greater than 4.5 m.



Plate 8. Soil profile CAB 86

One large SO unit at the southern end of the ofthdy area contained significant numbers of deatyimg
mangrovesPlate 9 particularly in the north eastern section of tiné. Closer inspection revealed the
presence of monosulfides in surface sedimdtittd 10 along with extended periods of inundation by
water. Surface samples taken at several sitesezhsignificant levels of sulfides present (0.8 %8.2 m—

0.3 min CAB 15; 0.3 %S at 0.0-0.1 m in CAB 17 a@nd %S at 0.0-0.1 m in CAB 63). Monosulfides are a
highly volatile form of sulfides capable of formiagd oxidising very quickly. Further work is rexgad in
these areas to determine the exact effects thabsntfides and long periods of inundation are having

Plate 9. Dying mangroves



Plate 10. Monosulfides found in surfcls ylnares

S1- Seven S1 mapping units were identified. Inrthatural state, these units are often associaitid w
supratidal and extratidal flats that are slightvated above the more frequently tidally-inunde®@dunits
(Plate 17). Periodic surface inundation generally occunsrduhigher tidal occurrence€asuarinaand
Sporobolusspecies (salt couch) are the most common vegeta@m disturbed and slightly more elevated
sites other vegetation suchMslaleuca EucalyptusandCorymbiaspecies occur.

Soil profiles commonly display grey sulfidic saratsl sandy loams, with shell fragments observedanym
of the profiles Plate 19. Laboratory analysis revealed sulfide concelanatup to 1.9 %S (site CAB 60 at
5.6-5.8 m). Excess neutralising capacity was nredsa CAB 22 at 0.8—-1.0 m.
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Plate 12. Soil profile CAB 60 showing PASS in lower layers

S2- Seven S2 units were mapped with the majorityisony between 2 and 3 m elevation. Native
vegetation where it still remained consistedeflaleucaandEucalyptusspecies. Soil profiles were
dominated by sands with layers of clay fill occogin surface layers of some profiles. PASS layers
generally commenced at 1-2 m below ground surfadeeatended to 6.0 m. Sulfide concentrations up to
2.2 %S were measured in site CAB 47 at 1.3-1.Plat€¢ 13. Some neutralisation capacity in the form of
small shell fragments was observed.

Plate 13. Soil profile composite CAB 47, PASS in subsoil

S3- This unit is comprised of relict beach ridgest re predominantly occupied by urban residential
development that dominates the eastern side afuheey area, with elevation commonly between 2 and
3 m. Sail profiles were dominated by sands witlefa of sulfidic loams and clay often occurringlapths
of approximately 5 mRlate 14. Laboratory analysis of samples collected withiis mapping unit revealed
sulfide concentrations up to 2.0 %S in sulfidicydiyers (site CAB 45 at 5.8—6.0 m). Some nedaibn
capacity was observed (ie. shell fragments) atrdelpelow 2.0m.

Plate 14. Soil profile composite CAB 45, PASS in lower prefil

S4- This unit contains the higher (3—4 m) sectidnihe relict beach ridges that stretch from themeast
toward the south-west of the study area. Landsuagain predominantly urban residential with miageas
of native vegetation, mainEucalyptusspecies. Soil profile(ate 15 generally displayed pale sands
overlying sulfidic grey sands with up to 0.5 %Sabbratory analysis of soil samples revealed a maxim
sulfide concentration of 2.5 %S in a small loamnmgfsand layer in borehole CAB 79 (3.2-3.4 m).

11
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Plate 15. Soil pEfiI cmposite for CAB 103 hoing PSSJIapth

6. Conclusions

It is evident that coastal formation processes@Beachmere area have been conducive to the formuit
acid sulfate soils. This assessment has identiiied AASS and PASS in profiles of sands, loamsdaygs
throughout the Beachmere study area.

The 15 ha of AASS identified were confined predamitty to surface layers in areas of past disturbanc
Maximum net acidity values of 0.15 %S (SPOCAS mé}tend field pH values as low as 3.6 were
measured in the AASS layers. PASS layers occatredrious depths across the entire study areathéth
depth to PASS generally increasing with increasiegation. The highest net acidity values weresuezd
in clay sediments with a maximum of 2.67 %S (CAB. 8®laximum for loams and sands were 1.9 %S
(CAB 80) and 0.8 %S (CAB 47) respectively.

Average %S values for all samples across the sitety were 0.20 %S for sands; 0.59 %S for loams and
0.83 %S for clays all of which are substantiallgh@r than action criteria threshold values of 0.08%6%
and 0.1% respectively.

It is suggested that major activities involvingl shsturbance and drainage within the Beachmera sieuld
follow the requirements of thetate Planning Policy 2/02; the Guidelines for Shngpand Analysis of
Lowland Acid Sulfate Soils (ASS) in Queensla&ite(net al 1998) and th&oil Management Guidelines
(Dearet al 2002). It should also be recognised that theesafahe mapping undertaken in this report is
intended for general planning purposes only antdatiditional boreholes will be required if QASSIT
sampling guidelines are to be met for future dgwalent in the study area.
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8. Glossary

Acid sulfate soils (ASS):Soil or sediment containing highly acidic soil tzons or layers affected by the
oxidation of iron sulfides (actual ASS) and/or swilsediment containing iron sulfides or otherisidf
material that has not been exposed to air andseddipotential ASS). This includes:

* non-oxidised and therefore non-acidic soils oredits with significant amounts of oxidisable iron
sulfides (ie. PASS);

» partially oxidised soils or sediments with variatd¢ios of existing acidity and unoxidised iron
sulfides (ie. PASS/AASS); through to

» completely oxidised (no remnant sulfides) soils@tdiments with significant existing acidity (ie.
AASS).

The term acid sulfate soil generally includes kattual and potential ASS. Actual and potential ASS

are often found in the same soil profile, with attacid sulfate soils generally overlying potendeid

sulfate soil horizons.

Actual acid sulfate soils (AASS)Soil or sediment containing highly acidic soil tmans or layers affected
by the oxidation of soil material that are richinon sulfides, primarily pyrite. This oxidationq@uces
hydrogen ions in excess of the sediment’s capézihgutralise the acidity, resulting in soils of gHbr
less. These soils can sometimes be identifiethdyptesence of secondary sulfate salts such ast@ro

Potential acid sulfate soils (PASS)Soil or sediment containing iron sulfides or sdifimaterial that have
not been exposed to air and oxidised. The fieldptthese soils in their undisturbed state is pbt 4
more, and may be neutral or slightly alkaline.

Acid Base Accounting (ABA): The process by which the various acid-producingmmnents of the soil are
compared with the acid neutralising componentdabthe soil’'s net acidity can be calculated.

Action criteria: The critical net acidity values (expressed insipitequivalent % pyrite sulfur, or
equivalent mol Hit) for different soil texture groups and sizesolil disturbance that trigger the need
for ASS management.

Actual Acidity: A component of existing acidity. The soluble @xd¢hangeable acidity already present in
the soil, often as a consequence of previous dridaf sulfides. It is this acidity that will beotilised
and discharged following a rainfall event. It isasured in the laboratory using the TAA method. It
does not include the less soluble acidity (ie.inei@ acidity) held in hydroxy-sulfate minerals suash
jarosite.

Aglime: A neutralising agent used to treat acidic soilscbsnposition, it is commonly 95-98% pure
calcium carbonate, CaG@Qt is sparingly soluble in pure water, with a pH~8.3; application rates will
depend on the purity and fineness of the product.

AHD: Australian Height Datum. The datum used for thieigheination of elevations in Australia. The
determination used a national network of benchmarkktide gauges, and sets mean sea level as zero
elevation.

ANC: Acid neutralising capacity. A measure of a sdillserent ability to buffer acidity and resist the
lowering of the soil pH.

ANCygr: Acid neutralising capacity by back titration. Aaieutralising capacity measured by acid digest
followed by back titration of the acid that has heen consumed.

ANCE: Excess acid neutralising capacity. Found in seifk acid neutralising capacity in excess of that
needed to neutralise the acidity generated by tridaf sulfides. The soil is oxidised with perdgi
then a titration is performed with dilute hydrodiitcacid to a pH of 4, followed by a second perexid
digestion. If a soil has a positive AN@sult then the TPA result is zero and vice versa.
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Borehole: The actual hole created when an auger, push-tusiendar is inserted into the soil body; the
portion removed (the core) will demonstrate thé gifile.

Can: Reacted calcium. The calcium soluble after thexde digest and TPA titration that was not sadubl
following KCl-extraction and TAA titration. (Ga- Cac|). It can be used (in combination with Mdo
provide an estimate of the soil carbonate contaritmay be an underestimate if the HCI-titratiopltd
4 has not been performed as part of the TPA/AN®©cedure.

Cayc: Potassium chloride extractable calcium measurigalfing the TAA analysis, which includes soluble
and exchangeable calcium as well as calcium fropsgm.

Cap: Peroxide calcium. Calcium measured following tiATanalysis, which includes soluble and
exchangeable calcium, calcium from gypsum, as agetlalcium (eg. from carbonates) dissolved as a
result of acid produced due to oxidation of sulfithy peroxide.

Chemical equations:There is a wide range of chemical equations irewiw acid sulfate soils. Some of
these are detailed below. Further informationdeggly regarding the intermediate steps involved i
pyrite oxidation) can be found in tieid Sulfate Soils Laboratory Methods Guidelifgkernet al
2004).

Pyrite formation can be generalised by equation (1)
4SQ” + FeO; + 8CHO +%,0, - 2Fe$ + 8HCQ + 4HO (1)
sulfate ions + iron oxide + organic matter + oxygerpyrite + bicarbonate ions

The overall reaction for the complete oxidatiorpgfite is given by equation (2):
FeS +,0, + ,H,O0 -~ Fe(OH) + 2SQ* + 4H 2)

In moist environments, jarosite slowly decomposessiglly by hydrolysis) releasing iron and acid, as
shown in equation (3):
KFey(SQy),(OH)s + 3HO - 3Fe(OH) + 2SQ* + 3H + K 3)

Equation (4) shows the reaction between aglimetla@cid produced from pyrite oxidation:
CaCQ + 2H + SQ* + O - CaSQ.2H,0 + CQ 4)

Chromium Suite: The acid base accounting approach used to catamdtacidity which uses the chromium
reducible sulfur method to determine potentialididfacidity. A decision tree approach based @n th
pHkc result is then used to determine the other compusrad the acid base account.

Disturbance of ASS:Any activity or action that will or is likely to gpose ASS to oxidising conditions eg.
movement, excavation or drainage of ASS.

Existing Acidity: The acidity already present in acid sulfate soitsjally as a result of oxidation of sulfides,
but which can also be from organic material or igotdtions. It can be further sub-divided intouadt
and retained acidity, ie. Existing Acidity = Actuatidity + Retained Acidity.

Fineness factor:A factor applied to the acid neutralising capacitsult in the acid base account to allow for
the poor reactivity of coarser carbonate or otlogd aeutralising material. The minimum factor i5 1
for finely divided pure agricultural lime, but mag as high as 3.0 for coarser shell material.

Holocene:A period of time from about 10 000 years ago ®phesent, an epoch of the Quaternary time
period.

Horizon: A soil layer that differs in physical, chemicallmological properties such as colour, texture,
structure, consistency, pH etc from the layers aeland below.
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Jarosite: An acidic pale yellow (straw or butter colouredjrirsulfate mineral: KR€SQ,),(OH)e. Jarosite is
a by-product of the acid sulfate soil oxidationqass, formed at pH less than 3.7; commonly found
precipitated along root channels and other sofbses exposed to air.

Mga: Reacted magnesium. The magnesium soluble aftereitoxide digest and TPA titration that was not
soluble following KCl-extraction and TAA titration(Mgr — Mgkc)). It can be used (in combination
with Ca,) to provide an estimate of the soil carbonateeunfut may be an underestimate if the HCI-
titration to pH 4 has not been performed as path®fTPA/ANG procedure.

Mgkci: Potassium chloride extractable magnesium meagalleding the TAA analysis, which includes
soluble and exchangeable magnesium.

Mgp: Peroxide magnesium. Magnesium measured followiaglPA analysis, which includes soluble and
exchangeable magnesium, as well as magnesiunréegchrbonates) dissolved as a result of acid
produced due to oxidation of sulfides by peroxide.

Monosulfides: The term given to the highly reactive iron sulfidénerals found in ASS that have the
approximate formula ‘FeS’ and which are solubléydrochloric acid (as opposed to iron disulfides
such as pyrite that aren’t appreciably solubleyidrbchloric acid); formed as intermediates durimg t
formation of pyrite. Monosulfides are highly rasetand oxidise rapidly. Includes amorphous FeS,
mackinawitexFe,Sg and greigitesF&;S,.

Net Acidity: The result obtained when the values for variouspmnents of soil acidity and acid
neutralising capacity are substituted into the AR#be Accounting equation. Calculated as: Net i&cid
= Potential Acidity + Existing Acidity — (Acid Nerdlising Capacity/Fineness Factor).

Neutralisation: The process whereby acid produced (by the oxidaticoil iron sulfides) is counteracted
by the addition of an ameliorant such as aglimeJ@s; there are formulae for calculating the amount
of ameliorant needed to bring the soil closer piHavalue of 7.

NR&M: Queensland Department of Natural Resources andsMine

NRW: Queensland Department of Natural Resources andriWat

pH: A measure of the acidity or alkalinity of a soilweater body on a logarithmic scale of O to 14 units
A pH reading less than 7 indicates an acid, pH kguaindicates a neutral substance, while pH more
than 7 indicates an alkaline substance. Noteathatunit change in pH is equivalent to a ten-féldrge
in acidity.

pHg: Field pH. Field determination of pH in a soil:wapaste.

pHrox: Field peroxide pH. Field determination of pH isail:water mixture following reaction with
hydrogen peroxide.

pHc: Potassium chloride pH. pH in a 1:40 (W/V) susjpamsf soil in a solution of ¥ potassium
chloride measured prior to TAA titration.

pHox: Peroxide oxidised pH. pH in a suspension ofigsadl solution after hydrogen peroxide digestion in
the SPOCAS method.

Potential (sulfidic) acidity: The latent acidity in ASS that will be releasethié sulfide minerals they
contain (eg. pyrite) are fully oxidised. It candstimated by titration (ie. TSA) if no acid nelisig
material is present, or calculated fropp$or Sk results.

Pyrite: Pale-bronze or brass-yellow, isometric mineral: f-#& most widespread and abundant of the
sulfide minerals.
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QASSIT: Queensland Acid Sulfate Soils Investigation Team.

Quaternary: A geological time period extending from 1.8 milligaars ago to present time; incorporates
both the Pleistocene and Holocene time periods.

Retained Acidity: The ‘less available’ fraction of the existing dtidnot measured by the TAA) that may
be released slowly into the environment by hydislgs$ relatively insoluble sulfate salts (such as
jarosite, natrojarosite, and other iron and aluorimhydroxy-sulfate minerals).

Scr: The symbol given to the result from the Chromiundieble Sulfur method (Method 22B). TherS
method provides a measure of reduced inorganimsutbntent using iodometric titration after andaci
chromous chloride reduction. This method is ntijestt to interferences from organic sulfur.

S« Potassium chloride extractable sulfur measuredviofig the TAA analysis, which includes soluble
and adsorbed sulfate as well as sulfate from gypsum

Sq: Peroxide sulfur. Sulfur measured following the T&#alysis, which includes soluble and exchangeable
sulfate, sulfate from gypsum, as well as sulfideverted to sulfate and that released from orgaiitten
as a result of peroxide oxidation.

Sros Peroxide oxidisable sulfur from the SPOCAS methdbe sulfur soluble after the peroxide digest and
TPA titration that was not soluble following KCl#action and TAA titration. S Sc|). It provides
an estimate of the soil sulfide content, but igetiéd by the presence of organic sulfur.

Skas: Residual acid soluble sulfur. The sulfur meastmgd M HCI extraction on the soil residue remaining
after peroxide digestion and TPA titration of tHeCBCAS method. It provides an estimate of the slfa
contained in jarosite and similar low solubilitydrgxy-sulfate minerals (and can be used to estimate
retained acidity).

Self-neutralising soils: This term is given to ASS where there is suffitiecid neutralising capacity (with
the relevant safety factor applied) to neutralisegotential sulfidic acidity held in the soil (tbe net
acidity from the Acid Base Account is zero or néggt Soils may be ‘self-neutralising’ due to an
abundance of naturally occurring calcium or magmastarbonates (eg. crushed shells, marine animal
exoskeletons, coral) or other acid-neutralisingamat

SPOCAS: An acronym standing for Suspension Peroxide Okidda€ombined Acidity and Sulfur method
(Method Code 23), the peroxide-based method thzgrsades the previous POCAS and POCASmM
methods.

SPOCAS Suite:The acid base accounting approached used to atdautt acidity based on the Suspension
Peroxide Oxidation Combined Acidity and Sulfur negth A decision tree approach based on the values
of pHkc) and phbx is used to decide what analytical path is folloviredrder to allow calculation of net
acidity.

TAA: Titratable actual acidity. The acidity measuredibration with dilute NaOH following extraction
with KClI-solution in the SPOCAS method. Previousdferred to as Total Actual Acidity in the POCAS
and POCASmM methods.

TPA: Titratable peroxide acidity. The acidity measubpgditration with dilute NaOH following peroxide
digestion in the SPOCAS method. Previously retetoeas Total Potential Acidity in the POCAS and
POCASmM methods.

TSA: Titratable sulfidic acidity. The difference in dity measured by titration with dilute NaOH follavg
extraction with KCl-solution and the acidity titeat following peroxide digestion in the SPOCAS
method. (TPA —TAA). Previously referred to agalGulfidic Acidity in the POCAS and POCASmM
methods.
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Appendix 1
Decoded Borehole Descriptions






Appendix 2
Summarised Laboratory Data






Supplement 1
Acid Sulfate Soils Map — Beachmere Study Area



