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Abstract 

Tidal seawater inundation of coastal acid sulfate soils can generate Fe- and SO4-
reducing conditions in previously oxic-acidic sediments. This creates potential for 
mobilization of As during the redox transition. We explore the consequences for As 
by investigating the hydrology, porewater geochemistry, solid-phase speciation and 
mineralogical partitioning of As across two tidal fringe toposequences. Seawater 
inundation induced a tidally-controlled redox gradient. Maximum porewater As (~400 
μg/L) occurred in the shallow (<1 m), intertidal, redox transition zone between Fe-
oxidizing and SO4-reducing conditions. Primary mechanisms of As mobilization 
include the reduction of solid-phase As(V) to As(III), reductive dissolution of As(V)-
bearing secondary Fe(III) minerals and competitive anion desorption. Porewater As 
concentrations decreased in the zone of contemporary pyrite reformation. Oscillating 
hydraulic gradients caused by tidal pumping promote upward advection of As and 
Fe2+-enriched porewater in the intertidal zone, leading to accumulation of As(V)-
enriched Fe(III) (hydr)oxides at the oxic sediment-water interface. Whilst this 
provides a natural reactive-Fe barrier, it does not completely retard the flux of 
porewater As to overtopping surface waters. Furthermore, the accumulated Fe 
minerals may be prone to future reductive dissolution. A conceptual model 
describing As hydro-geochemical coupling across an intertidal fringe is presented. 
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Figure SI 1. Location of study site, sea wall and transects, with surface elevation in Firewood Creek 

sub-catchment (Inset A). AHD is Australian Height Datum (0 m AHD ≈ mean sea level). 
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Figure SI 2. Transect 2 stratigraphy, hydrology and solid-phase characteristics. Groundwater levels in 

piezometers F-I are from November 2007 to November 2008. Piezometer depth and slotting zones 
are drawn to vertical scale. 
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Figure SI 3. Transect 1 time-series groundwater levels (piezometers B, C, D) and corresponding 
horizontal hydraulic gradients between piezometers B-C. Periods of effluent (seaward) horizontal 

hydraulic gradients are shaded grey. Horizontal hydraulic gradients were calculated by dividing head 
difference by distance. 
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Figure SI 4. Transect 2 time-series groundwater levels (piezometers G, H, I) and corresponding 

horizontal hydraulic gradients between piezometers G-H. Periods of effluent (seaward) horizontal 
hydraulic gradients are shaded grey. Horizontal hydraulic gradients were calculated by dividing head 

difference by distance. 
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Figure SI 5. Linear regression between solid-phase near-total As [AsTot] and reactive Fe [FeR] and 
Pyrite Fe (FePyr) in former sulfuric horizons (a), (b); and underlying sulfidic sediment (c), (d). Data 
points are from transect 1 and 2. Identification of former sulfuric horizons and sulfidic sediment is 

based on transect stratigraphy. FePyr is based on SCR assuming a stoichiometric relationship between 
Fe:S of 1:2. 
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Figure SI 6. Representative X-ray diffractograms of As-enriched Fe mineral phases: (a) Jarosite 

pedofeature from former sulfuric horizon at Transect 1, (b) Pyritic heavy-liquid extracted fraction from 
unoxidized sulfidic sediment at Transect 1, 100 m (-1.0 to -1.2 m AHD), and (c) Schwertmannite 

dominant surficial (0–0.01 m) accumulation from Transect 2, 80 m. J, jarosite; Q, quartz; Py, pyrite; M, 
marcasite; Sh, schwertmannite; Ha, halite. 
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Figure SI 7. (a) FeR content of surficial (0–0.01 m) accumulations in relation to surface elevation, (b) 

relationship between FeR and AsTot in surficial (0–0.01 m) Fe-rich accumulations. 
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Figure SI 8. Porewater geochemistry at Transect 2. 
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Text SI 1 
Additional methods 
Hydrology 
Groundwater levels were measured in 50 mm diameter PVC piezometers installed along each 
transect (5, 35, 65, 82 m at Transect 1; 10, 35, 68, 90 m Transect 2). Piezometers were up to 1.6 m 
below ground level and had screened intervals ranging from 0.8 to 1.2 m in length (depicted in correct 
vertical scale in Figure 1, Figure SI2). Groundwater levels were corrected to AHD using manual 
measurements from the top of each piezometer to the water table. Horizontal hydraulic gradients 
between adjacent piezometers were calculated by dividing head difference by distance. Vertical 
gradients were examined during a tidal cycle at Transect 1 and are the difference between 
groundwater levels and simultaneous measurements of overlying surface water levels in a stilling 
piezometer. The saturated hydraulic conductivity (Ks) of former sulfuric horizons was measured in 
duplicate at five locations along each transect via in situ recovery tests and auger-hole slug tests. 
 
Solid-phase sampling and characterization 
At each soil sampling location, field measurements of sediment pH (pHF) and Eh (EhF) were made on 
duplicate cores immediately after core retrieval. Measurements were made by directly inserting an 
intermediate junction Ag/AgCl combination pH electrode (freshly calibrated using standard buffer 
solutions) and an intermediate junction Ag/AgCl combination platinum-tipped ORP electrode attached 
to a TPS 90-FLMV Field Lab meter until stable readings were obtained. Electrode redox potential was 
checked using a fresh ZoBell’s solution and the KCl electrolyte of both electrodes replaced between 
sampling sites. All redox data presented here has been corrected to the standard hydrogen electrode. 
The method of direct probe insertion into soil inevitably results in the measurement of mixed redox 
potentials and does not account for the development of micro-scale redox heterogeneity. Soil samples 
were collected at 0–0.05 m, 0.05–0.15 m and in 0.1 m increments thereafter to a depth of 1.25 m 
below ground surface. Figures in this study display soil data using the mid-point of sampling depth 
increments. 
 
Tidal cycle surface water quality monitoring 
During a single flood-tide cycle, groundwater levels at piezometer C (Transect 1, 65 m) were recorded 
at 10 minute intervals using a submersible pressure transducer vented to the atmosphere (Odyssey, 
ODYPS05). Simultaneously, the overlying surface water levels were recorded manually in an 
immediately adjacent stilling piezometer. Vertical gradients are calculated by head difference. Surface 
water samples were collected within 5 m of piezometer C at regular intervals throughout the flood-tide 
cycle using a fixed, single-depth (0.02 m above sediment-water interface), Tygon tube connected to a 
60 mL syringe sampling device. The syringe and tubing was flushed three times with sample water 
prior to collection and the sample immediately (within 2–5 minutes) filtered via a 0.45 ・m syringe-
driven filter. An aliquot was then preserved with HNO3 and stored in the dark at 4 oC for later analysis 
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of total As by ICP-MS (Perkin-Elmer ELAN-DRCe), plus Cl and water soluble S by flow injection 
analysis (Lachat QuikChem 8000) and ICP-AES (Perkin-Elmer DV4300), respectively. Aliquots of 
filtrate were also preserved for determination of Fe2+ within 24 h of collection by the 1,10-
phenanthroline method. pH was measured on a separate sub-sample using freshly a calibrated probe 
(intermediate junction Ag/AgCl). 
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Table SI1. Means (±standard deviation) of selected solid-phase properties in 
former sulfuric horizons (0–0.7 m bgl) at Transect 1 and 2.  

 θ  EhF pHF Fe(II)HCl:FeR 

Location (g/g) (mV)   

Transect 1 
20 m 

 
0.47 ±0.16 

 
143 ±101 

 
5.79 ±0.7 

 
0.41 ±0.17 

60 m 0.79 ±0.73 134 ±93 5.54 ±0.8 0.56 ±0.16 

100 m 0.99 ±0.88 17 ±92 6.11 ±0.6 0.63 ±0.08 

Transect 2 
20 m 

 
0.33 ±0.15 

 
590 ±64 

 
4.43 ±0.1 

 
0.04 ±0.03 

40 m 0.43 ±0.14 531 ±219 4.08 ±1.3 0.07 ±0.08 

60 m 0.58 ±0.05 277 ±207 5.05 ±1.2 0.18 ±0.09 

80 m 0.79 ±0.09 158 ±157 5.86 ±0.7 0.23 ±0.10 

100 m 0.84 ±0.15 168 ±73 5.94 ±0.5 0.28 ±0.11 
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Table SI 2. Relative proportion of As(III) in 
porewaters (mean ±standard deviation) at 
Transect 1, between 0.2 m to 1.0 m depth 
bgl. 

Distance 
(m) 

Mean As(III) 
(%) 

n 

30 87 ±20 5 

60 81 ±21 4 

110 82 ±15 9 

 
 


