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ARTICLE INFO ABSTRACT

Keywords: Dayas are shallow karst depressions that represent one of the most widespread surface landforms in arid karst
Da}fas environments, where present-day dry climatic conditions strongly limit karstification processes. This paper
Doline provides a comprehensive geomorphological analysis of dayas on the Nullarbor Plain in southern Australia, one
g;zr;?(r)g};)bgy of the world's largest exposed carbonate platforms and an ideal natural laboratory due to its tectonic stability and
Sedimentology lack of orogenesis. Semi-automatic GIS-based detection and morphometric analysis were conducted across 11
Arid karst representative study areas (300 km? each), complemented by sedimentological analyses (grain-size distribution

GIS and XRD). In addition, a GIS-based assessment of water retention in inundated dayas following an extreme flood
event in March 2024 was performed by comparing theoretical evaporation losses and observed changes in water
volume, supported by meteorological data. Our results demonstrate that palaeotopography exerts a strong
control on the spatial distribution and morphometric characteristics of dayas. Additionally, sedimentological
analyses indicate a poorly permeable sediment infill resulting from aeolian and fluvial accumulation and
reworking, which promotes prolonged surface-water retention within the depressions. Discrepancies between
observed water-volume losses and theoretical evaporation indicate partial floodwater infiltration into the karst
aquifer, suggesting that dayas may act as focused, event-based recharge features and are not solely relict
landforms, but rare surface karst features that remain active under present arid conditions. These findings mark
the first application of an integrated methodological approach to the study of dayas and yields new insights into
their spatial evolution and geomorphological and hydrological significance on planar carbonate platforms such
as the Nullarbor Plain, while offering a framework applicable to analogous arid karst regions worldwide.

Nullarbor Plain

1. Introduction

Arid and semi-arid landscapes, which occupy one third of the Earth's
land surface (Wickens, 1998), are characterised by low precipitation,
high evapotranspiration and geomorphic systems dominated by limited
but episodic surface run-off and often extensive wind reworking. Where
soluble rocks are present, karst geomorphology may also develop, but its
present expression is generally weak and strongly limited by low rain-
fall. Many preserved landforms are relict features that developed during
past periods of wetter climatic conditions when karstification was more
effective (De Waele and Gutiérrez, 2022; Ford and Williams, 2007;
Jennings, 1983; Salomon and Pulina, 2005; Webb and White, 2013).
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The characteristic landforms of arid karst are shallow sediment-
infilled circular to subcircular depressions formed in carbonate
bedrock termed dayas, commonly regarded as a subtype of solution
dolines (Capot-Rey, 1939; Castellani and Dragoni, 1977, 1986; Clarke
et al.,, 1974; Gautier, 1951; Goudie, 2010; Mitchell, 1970; Mitchell
and Willimott, 1974). Although locally referred to by varying terms
(e.g., balte, vleis, chor/sor, dongas), the term “dayas” from northwestern
Africa has become the standard descriptor in geomorphological litera-
ture (Agabi, 1995; Clarke et al., 1974; Goudie, 2010; Jennings, 1983). In
contrast, other closed depressions in arid environments, such as clay
pans, are widespread in non-carbonate settings and are primarily
controlled by deflation, salt weathering, and disruption of drainage
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systems rather than dissolution of bedrock (Goudie, 1991).

Dayas span several tens of metres to several kilometres in diameter,
while even the largest rarely exceed 10 m in depth (Castellani and
Dragoni, 1977; Clarke et al., 1974; Goudie, 2010; Mitchell, 1970;
Mitchell and Willimott, 1974). Following high-intensity rainfall events,
dayas may host ephemeral lakes (Capot-Rey, 1939; Clarke et al., 1974;
Gautier, 1951; Mitchell, 1970; Mitchell and Willimott, 1974). Their
higher soil moisture supports vegetation and localised wetland ecosys-
tems (Babikir, 1986; Thiéry, 1991), and they may be used for cultivation
and grazing (Goudie, 2010; Mitchell and Willimott, 1974).

The basic genetic mechanism of bedrock dissolution can be accom-
panied by additional modification processes, e.g. aeolian modification,
interactions with fossil or active drainage networks and with sand-dune
systems (Capot-Rey, 1939; Clarke et al., 1974; Conrad et al., 1967;
Goudie, 2010; Mabbutt, 1977; Mitchell, 1970; Mitchell and Willimott,
1974). Their fine-grained infill reflects alluvial and aeolian deposition,
as well as pedogenesis (Mitchell and Willimott, 1974). Early classifica-
tions emphasised morphology and drainage context (Castellani and
Dragoni, 1977; Clarke et al., 1974), whereas Goudie (2010) later pro-
posed a typology based on global morphogenetic/morphological traits.
This typology distinguishes between simple circular type, regarded as
the classic daya, the centripetal type with converging inflow channels,
the structurally controlled type, governed by bedrock discontinuities (e.
g., joints, fractures, bedding planes), the drainage channel type devel-
oped within palaeochannels, and the wind aligned type, which is linked
to the presence of active or relict dune systems.

Despite their common occurrence, dayas remain comparatively un-
derrepresented in arid karst research, in part because their shallow
expression makes systematic detection challenging (Goudie, 2010).
Most detailed studies date from the mid- to late twentieth century and
focus on development, morphology and sedimentary infill, largely in the
north-western Sahara (Castellani and Dragoni, 1977, 1986; Clarke et al.,
1974; Conrad et al., 1967; Mabbutt, 1977; Mitchell, 1970; Mitchell and
Willimott, 1974). A smaller but growing number of recent investigations
have applied automated or semi-automated GIS-based detection ap-
proaches (Doerr and Davies, 2007; Goudie, 2010; Moussaoui et al.,
2024; Tanh, 2021). However, comparatively few studies have explic-
itly examined whether dayas currently permit infiltration or whether
floodwaters predominantly evaporate, even though this distinction is
central to evaluating whether these features function as active compo-
nents of the hydrological system or represent largely relict forms.

The Nullarbor Plain in southern Australia provides an ideal natural
laboratory in which to address these uncertainties. As a passive conti-
nental margin and unaffected by orogenesis, it offers a laterally exten-
sive surface approximately 700 km east-west and 300 km north-south.
In this paper, we present a comprehensive analysis of dayas across the
Nullarbor Plain. We identified over 150,000 shallow closed depressions
using semi-automatic remote sensing, obtained quantitative morpho-
metric descriptors, analysed sediment samples, and assessed flood-water
retention following the major floods of March 2024 in order to deter-
mine whether these landforms currently function as infiltration features
or whether they primarily retain water until it all evaporates. Our aim is
to evaluate their spatial distribution and hydrological behaviour across
the Nullarbor Plain in relation to topography. This integrated approach
provides a representative and analytically robust assessment of dayas in
an arid karst environment and contributes to a broader understanding of
daya morphometric characteristics and the geomorphic evolution of the
region.

2. Regional setting

The Nullarbor Plain forms the largest exposed karst surface in
Australia and one of the largest globally, extending across ~200,000
km? on the border of Western Australia and South Australia (Delisser,
1865; Lowry and Jennings, 1974; Webb and James, 2023), terminat-
ing in the south as one of the longest clifflines in Australia along the
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Great Australian Bight (Wakelin-King and Webb, 2020). Geologically, it
represents a broad, well-preserved carbonate platform of the Eucla Basin
composed of horizontally bedded Eocene-Miocene limestones (Benbow
et al., 1995; Lowry, 1970; O'Connell et al., 2012).

The carbonate units of the Eucla Basin are (in stratigraphic order): a)
Middle to Late Eocene Wilson Bluff Limestone (maximum thickness of
300 m) is a soft, poorly lithified, muddy to chalky bryozoan-rich cool-
water carbonate (Benbow et al., 1995; James and Bone, 1991; Playford
et al., 1975); b) Oligocene to early Miocene Abrakurrie Limestone
(maximum thickness 100 m) that is a granular neritic, bryozoan-rich,
cool-water carbonate (Benbow et al., 1995; James and Bone, 1991; Li
et al., 1996; Playford et al., 1975); ¢) middle Miocene Nullarbor Lime-
stone (maximum thickness 45 m) represented by a fossiliferous sub-
tropical carbonate forming the present-day plateau surface (Benbow
et al., 1995; Hocking, 1990; Lowry, 1970; Lowry and Jennings, 1974;
O'Connell et al., 2012). To the north the topography transitions into
large and extensive basin-like feature, characterised by Colville Sand-
stone and overlain by a variety of Quaternary deposits (Lowry, 1970).
Similar basin-like feature occurs to the west, whilst to the east, there is a
narrow coastal terrigenous clastic unit named the Yarle Sandstone
(Benbow et al., 1995), in places overlain by longitudinal dunes.

A major Late Miocene eustatic fall (~14 Ma), combined with sub-
sequent uplift, progressively exposed the Nullarbor Limestone (Gillieson
and Spate, 1992; Hou et al., 2008; Lowry and Jennings, 1974; Sandiford,
2007). Limited to the southern low-lying Roe and Israelite Plains, a
poorly cemented molluscan calcarenite, known as the Roe Calcarenite,
was deposited during Pliocene high sea-level stands (James et al., 2006).
Holocene stratigraphy is mainly represented on the margins of the plain
as aeolian and beach quartz carbonate sand (Stewart et al., 2008; Short
et al., 2024). The modern upper surface of the Nullarbor Limestone is
widely indurated by pedogenic calcrete, locally several metres thick;
this calcrete is mainly Pliocene-Pleistocene in age (Abeysinghe, 1998;
Miller et al., 2012).

Denudation rates are low with estimated 30-60 m of surface removal
over 14 Ma years of exposure (O'Connell et al., 2012; Stone et al., 1994).
Slightly higher values occur in the coastal belt, where Nullarbor Lime-
stone has been removed, exposing older Abrakurrie Limestone (Lowry
and Jennings, 1974).

The relief of the Nullarbor Plain rarely exceeds 10 m, but exhibits
considerable micro-scale geomorphic variability. The region preserves
extensive relict longitudinal dune topography, which was imprinted into
the Nullarbor Limestone, expressed today as ridge and swale topography
(Burnett et al., 2020). Dayas are the dominant type of closed depression
across the plain, whereas collapse dolines are less common, distinctly
smaller in diameter and deeper, and occur mainly within ~60 km of the
coast (Jennings, 1962; Lowry and Jennings, 1974; Webb and James,
2023). The region contains an exceptional density of blowholes (esti-
mated between 10,000 and 100,000) which are narrow, sub-circular
vertical solutional shafts with a diameter of 1-2 m and reaching
depths of up to ~50 m (Burnett et al., 2013). Horizontal caves tend to be
joint-controlled and exhibit limited active dissolution under modern
arid conditions (Jennings, 1962; Webb et al., 2003; Webb and James,
2023).

Relict drainage channels occur across the western, northern and
eastern margins of the plain. These shallow palaeochannels indicate
former allogenic streams sourced from the Precambrian uplands and the
Great Victoria Desert that infiltrated underground or evaporated before
reaching the coast (Lowry and Jennings, 1974). These systems likely
remained active into the Pliocene under wetter climates (Alley et al.,
1999). In addition, pocket valleys incise the Wylie and Hampton
Scarps by up to 500 m, with associated talus fans formed during wetter
conditions (Lipar and Ferk, 2015).
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3. Data and methods
3.1. Semi-automated detection

A semi-automated detection of closed depressions was undertaken
across the Nullarbor Plain. The Nullarbor Limestone forms the dominant
surficial lithology across the plain and is therefore the most relevant unit
for understanding present-day karst morphology and the development
of dayas. The younger coastal erosional plains (Israelite and Roe Plains),
northern and western marginal basin-like depressions, and eastern
marginal part overlain by longitudinal dunes differ geologically from the
central plateau and were therefore excluded from the study. Interior
study boundaries were defined using Eucla Basin lithostratigraphy and
topographic discontinuities interpreted from shaded-relief and
coloured-relief mapping.

The workflow was implemented in ArcGIS Pro 3.4 and QGIS 3.38,
following the method developed by Mazej (2024) for identifying convex
hills and uvalas using the topographic openness index (ITO) and the
outermost closed contour method. While the true outline of a depression
is expressed by changes in slope, often gradual and spatially variable in
threshold, such delineation is difficult to automate; therefore, the
outermost closed contour provides a sufficiently robust approximation.
A combination of TanDEM-X digital elevation models (Digital Surface
Model (DSM); 1.0 and 0.2 arc-second resolution and TanDEM-X EDEM
(Edited Digital Elevation Model) was obtained from the German Aero-
space Center (DLR) (EOC Geoservice, 2023; Wessel, 2018). As the
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models capture both land surface and above-ground objects such as
vegetation, their performance is well suited to the non-urbanised con-
ditions of the Nullarbor Plain characterised by low vegetation cover.

The TanDEM-X resolution was aggregated to 30 m, after which the
DEM was smoothed using Focal Statistics with a 30 m radius. Resolution
reduction and smoothing diminished noise and lessened the influence of
small-scale topography during detection of depressions. To enhance the
identification of shallow closed depressions, the DEM was vertically
exaggerated by a factor of 100. In QGIS, the Relief Visualization Toolbox
(Kokalj and Somrak, 2019) was applied to generate positive and nega-
tive topographic openness (ITO). Default parameters were limited to a
300 m neighbourhood and eight azimuthal directions. Depressions were
defined where ITO values were < 30. This threshold was calibrated
using visualisations and satellite imagery on selected areas.

Because the layer of topographic lows encompassed all types of de-
pressions, the last-closed-contour method was applied to delineate the
closed depressions contained within it. Owing to the size of the area, the
study region was subdivided into 30 sections, which overlapped to
reduce boundary errors. For each section, 5-m contour intervals were
generated and closed contours lying within topographic-low polygons
were selected. These contour lines were converted to polygons and
merged into a single polygon layer. This method also merged convex
features within dayas caused by aeolian sediment infill or denser patches
of shrubs or trees that were not initially classified as topographical lows.
Adjacent dayas with connecting floors were mapped as a single form.

Furthermore, detailed identification and analysis was carried out

isohyet
study area
weather station/locality

Cartography: Matej JelovCan, 2025.
Source: ABS, 2021; BOM; 2024a; ESRI, 2025.

Fig. 1. Locality map showing study areas, major faults and palaeofluvial channels (identified from TandemX data). Areas 1-11 were selected for the analysis of
morphological and morphometric characteristics of dayas, while Area 12 was used to study inundated dayas. Basemap and spatial data sources: ABS, 2021; BOM,

2024a; ESRI, 2025.
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within selected representative areas, where additional datasets were
used to refine interpretation and capture features that the automated
procedure could not recognise. The closed depressions layer was
therefore refined within 11 selected 300 km? control areas (see Fig. 1).
These areas, including their number, size, and spatial distribution, were
selected to capture the range and diversity of principal geomorpholog-
ical settings of the Nullarbor Plain, namely drainage-controlled palae-
ochannels, ridge and swale topography terrains and planar surfaces (see
Table 1, Figs. 4 and 5), and to enable their comparison. A regular,
rectangular geometry was adopted as a practical and standard approach
for defining large spatial sampling units guided by landscape variability,
scale, and process heterogeneity (e.g., Goudie, 2004; Wilson and
Gallant, 2000).

Verification and corrections within these areas relied also on radio-
metric satellite maps and surface-visualisation techniques. Potassium-
Uranium-Thorium radiometric images and Advanced Spaceborne
Thermal Emission and Reflection Radiometer (ASTER) images were
obtained from the Commonwealth of Australia (Geoscience Australia,
2021). In radiometric imagery, contrasts between sediment-covered
surfaces and exposed limestone appear as distinct boundaries. These
differences reflect greater sediment accumulation and thus higher
radiometric intensity within sediment-filled depressions, compared with
rocky ridges where values are lower. Additional visualisation techniques
included Color Relief Image Maps (CRIM). Combined depressions were
retained where CRIM indicated a shared floor or indistinct slope tran-
sitions. The smallest dayas, often omitted due to the reduced resolution,
were manually added in study areas based on visualisations and high-
quality satellite imagery. This may introduce some morphometric bias
due to possible inconsistencies in visual delineation across the study
area, but the inclusion of small dayas (around 5000 m? or less) in the
analysis is considered to outweigh the potential inaccuracies of manual
detection. Moreover, blowholes and collapse dolines were excluded
from manual mapping due to their significantly smaller size.

3.2. Morphometric analysis

Morphometric analysis involved the calculation of six parameters for
each study area: surface area (rnz), perimeter length (m), circularity
index, diameter (m), depth (m), and orientation (°). The circularity
index was derived from surface area and perimeter length to quantify
the degree to which the planform geometry of each polygon approaches
a circular shape (Novljan, 2021). The circularity index was calculated
using the formula:

4rS
C=p
where C is the circularity index, S is the surface area, and P is the
perimeter length. Values between 0.9 and 1.0 indicate a circular shape,
values between 0.8 and 0.9 an oval shape, and values below 0.8 an
elongated or irregular shape (Suharyanto et al., 2020). The diameter was
calculated by generating a rectangle by width for each daya, where the
length of the longer side of the rectangle represents the maximum
dimension along the principal axis of a daya. Orientation was derived
using the convex hull geometry type, which calculates polygon orien-
tation in degrees measured clockwise. Orientation patterns for each area
are presented using rose diagrams. Depth was calculated as the differ-
ence between the highest point along the rim and the lowest point
within the depression.

Table 1
Prevalent geomorphological setting for each study area.

Areal, 2,8 Planar surface

Area 3, 4 Palaeochannels

Area 5, 6,7,9, 10 Ridge and swale topography
Area 11 Combination of all three types
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3.3. Sedimentological analysis

Sediment analyses were undertaken on samples collected from three
dayas across the Nullarbor Plain. In total, five bulk sediment samples
were obtained from depths between 10 and 20 cm, targeting relatively
undisturbed sediment below the immediate surface layer. Three samples
(see Fig. 2) were taken from the lowest point within individual dayas
(samples 1, 3, 4), one from an elevated central position (sample 2), and
one from the margin (sample 5). Despite the sparse sampling, the focus
was on the central parts of the plain, where edge effects are minimal,
primarily to characterise the basic sediment properties of the de-
pressions, in a region where no systematic sediment sampling has been
conducted. This represents an initial, reconnaissance-level dataset. The
very shallow sediment infill, underlain by nodular calcrete and bedrock,
also limits further excavation and sampling depth. Sample preparation,
grain-size analysis and X-ray diffraction (XRD) analysis were carried out
in the Physical Geography Laboratory of the Anton Melik Geographical
Institute (ZRC SAZU) and in the laboratory of the Faculty of Natural
Sciences and Engineering, University of Ljubljana.

Grain-size analysis was performed using a Malvern Mastersizer 3000
laser diffraction particle-size analyser. Representative subsamples were
obtained by quartering and then transferred into vials. Deionised water
and two drops of a 1% polysorbate-20 (Tween) surfactant solution were
added to stabilise the suspension and prevent particle flocculation. The
samples were sonicated for 10 s to disperse any remaining clay aggre-
gates. For consistency and representativeness, only measurements with
obscuration values between 15 and 25% were retained. Statistical pro-
cessing of grain-size data was performed with the software Gradistat 9.1.

X-ray diffraction (XRD) analysis was undertaken using a Malvern
Panalytical Empyrean III MultiCore powder diffractometer. Samples
were pressed into pellets using a dedicated powder-sample holder with a
16-mm circular opening and loaded into an automated sample maga-
zine. Measurements were collected from 3° to 70° 20, at a step size of
0.004° 26 and a counting time of 12 s per step. Diffractograms were
processed with HighScore+5.3a and the ICDD PDF-4/Minerals 2025
database. Qualitative and quantitative identification of mineral phases
followed Rietveld refinement applied to the raw diffraction data.

3.4. Recent hydrological function

The recent hydrological function of dayas was assessed using the
Modified Normalised Difference Water Index (MNDWI), derived from
satellite remote sensing with Climate Engine tools (Climate Engine,
2024). The index is calculated from reflectance in the green band of
the visible spectrum and short-wave infrared (SWIR) wavelengths.
MNDWI enhances the detection of surface water and inundated areas
and provides better differentiation from vegetation and built-up surfaces
than the Normalised Difference Water Index (NDWI), which uses near-
infrared (NIR) wavelengths (Moussaoui et al., 2024; Ostir, 2006; Xu,
2006). Based on an inspection of remotely sensed water surfaces
following the floods that occurred in the western Nullarbor Plain in
March 2024, a 300 km? area of inundated dayas near Rawlinna was
selected for analysis. Water remained in these depressions for several
months, from March through July. Monthly layers were obtained using
the Climate Engine analytical tool from Sentinel-2 satellite imagery
(Max Statistic, 10 m resolution). The raster layers were reclassified in
ArcGIS Pro: values greater than 0 were assigned a value of 1, indicating
open water, and values equal to or less than 0 were assigned NoData,
indicating dry surfaces (Xu, 2006).

To estimate potential water loss through evaporation and infiltra-
tion, water surface area, volume, and the theoretical volume of evapo-
rated water were calculated based on monthly average evaporation data
(see Supplementary). Three dayas of comparable size, each retaining
water for different durations, were selected. The volume of each daya
was calculated from a DSM clipped to the polygons of inundated surfaces
for each month of water presence. This was performed in QGIS using the
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SAMPLE 1

SAMPLE 3

SAMPLE 2

SAMPLE 4

SAMPLE 5

Fig. 2. Dayas with sampling sites and satellite imagery of the surrounding area. Locations correspond to Figs. 4 and 5, shown in Fig. 1. Basemap source: ESRI, 2025.

Raster Surface Volume tool, with the maximum elevation corresponding
to the water-surface level from which volume was measured downward.
Volumes were then subtracted to determine changes in water balance
through time. Monthly averages were derived from long-term records
(1975-2005) obtained using Class A evaporation pans and interpolation
from a network of measurement stations across Australia (for details on
the data measurement methodology see Bureau of Meteorology, 2006).
Theoretical evaporation between satellite acquisitions was then esti-
mated by converting monthly averages to daily values (monthly value
divided by number of days), which were multiplied by the number of
days between image dates within each month. Evaporation rates vary
seasonally due to changes in climatic factors including air temperature,
wind speed, and cloud cover, which control the energy available for
evaporation (Brooks et al., 2013). The change in water volume due to
theoretical evaporation was computed using:

AV = E x S x At

where AV is the change in volume, E is the evaporation rate, S is the
surface area and At is the time interval. The theoretical evaporative
losses were then compared with the observed differences in calculated
water volumes using GIS methods.

4. Results
4.1. Morphometric results and distribution

Remote sensing of closed depressions yielded 159,710 identified
landforms throughout the Nullarbor Plain, with their morphometric
characteristics presented in Table 2. Their mean surface area is
109,528m?, mean diameter 452 m, mean circularity index 0.65 and
mean depth 0.6 m. Within the detailed research areas (i.e., Areas 1-11),
we identified a total of 7070 closed depressions with a mean surface area
86,490 m?, a mean diameter 342 m, a mean circularity index 0.86 and a
mean depth 1.4 m. These characteristics vary throughout the areas; for

example, the mean surface area ranges from 31,316 m? to 268,519 m?
(see Table 2 for the complete data). Percentages of dayas in study areas
according to the circularity index and surface area are presented in
Table 3 and Figs. 4 and 5, while orientation patterns for each area are
presented using rose diagrams in Fig. 6.

Kernel density maps of dayas classified by size (see Fig. 3) reveal
spatial patterns across the Nullarbor Plain. Small- and medium-sized
dayas are predominantly concentrated in the south-western region and
following the inland boundary of the Nullarbor Plain towards the north-
eastern region. Large dayas (100,000-500,000 m?) show the most even
spatial distribution. The highest and most spatially extensive concen-
trations of the largest dayas occur in the southern Nullarbor Plain.

4.2. Sediment characteristics

Samples 2, 3, 4 and 5 are classified as sandy silt, whereas sample 1
corresponds to silty sand (see Fig. 7). Clay content is low across all
samples, with the highest proportion in sample 2 (10.6%). Samples 1
and 4 are well sorted. Sample 2 is characterised by a relatively even
distribution of silt and fine sand, while samples 1, 3 and 5 contain a
higher proportion of coarse sand particles.

The dominant minerals are illite, quartz and kaolinite, while albite
and calcite appear in smaller amounts, and anatase and hematite occur
only in trace amounts. Sample 5 has the highest quartz content (49.4%),
and sample 3 the lowest (19.1%). Samples 1-4 are relatively homoge-
neous regarding clay minerals: illite ranges between 36.7 and 40.1%,
and kaolinite between 20.9 and 25.9%. Albite content is highest in
sample 3 (12.9%) and lowest in sample 5 (1.4%). Calcite is more
abundant in samples 2, 3 and 5, while it was not detected in sample 1. A
marked difference in calcite content is also evident between samples 4
and 5 (0.6% and 8.2%). The complete X-ray diffraction results are pre-
sented in Table 4.



M. Jelovécan et al. Geomorphology 511 (2026) 110414

4.3. Hydrological functioning of dayas
=
é Eﬂ E BHemedanoada g In March 2024, tropical moist air masses approached the western
Nullarbor Plain from the northwest. The resulting heavy rainfall trig-
gered flash flooding (see Fig. 8). Weather stations across the Eucla re-
E - o e maw - gion recorded the highest March rainfall since the beginning of
£E8E|lcocococseodsS0e3 o measurement: Eucla on the southern coast received 40.4 mm, Forrest in
the central part 58.0 mm, while Bull Camel and Seemore Downs near
£5 _ Rawlinna in the western part received 268.4 and 333.4 mm, respectively
soE|aTIganTITIegser 8 (Bureau of Meteorology, 2024b). Water accumulated in topographic
depressions, where it remained for several months according to Sentinel-
> 2 imagery (Climate Engine, 2024).
E Fig. 9 shows Area 12 southeast of Rawlinna (see Fig. 1), where water
é g § § i § 5 § § § § § § § § persisted in dayas from March through July. Larger water bodies formed
in the southern and eastern parts of the area, where topography is lower.
o In several instances, the water surface extended across neighbouring
E dayas, merging them into a single water-filled depression. Three dayas
g B SREHBI2R3FTRE] S of broadly comparable size (marked by arrows in Fig. 9) that retained
2% |°oesssesssees S water for differing durations were further analysed (for detailed calcu-
lations and visualisations see Supplementary). Daya 2 dried the most
‘g rapidly; it is situated in a locally lower section of the southeastern area.
g g goaneRggNgay 9 Daya 1 (see Fig. 10), positioned on a relatively higher central section,
=i S 33S33S3S dried next. The longest-lasting water body was in daya 3, which lies on a
relatively elevated part of the southwestern area.
q;"_)
+E_|onsegssszne: 3 5. Discussion
S5 E|T°DRR88332Y B
The final dataset contains 159,710 mapped closed depressions and
N represents the most comprehensive and systematic mapping of these
g features to date. It provides a robust, spatially consistent foundation for
é g E|RITIRIB AR & subsequent analyses of closed-depression distribution and morphology.
As with any automated landform recognition approach (e.g., Shirani
et al., 2023; Stefanovski et al., 2024; van der Meij et al., 2021), it would
;E be unrealistic to expect the complete identification of every individual
EE - |oomasammmbaoa o daya across the Nullarbor Plain. This limitation is particularly relevant
ESE|RNANIREBRIAS 9 in areas of very subdued relief, locally variable digital elevation model
gz quality, or where closed depressions occur that may not represent dayas
SRR sensu stricto.
L%b § Tg N R o ~ The present dataset is the result of the recognition of closed de-
g g’ SE|lddsTdignn gL o pressions based on the TanDEM-X digital elevation model, which proved
§ most suitable for the Nullarbor Plain at the regional scale. The incor-
£ g poration of radiometric imagery and manual identification of closed
= gmg 5 B & ® % 5 g N § E § § = depressions within selected detailed study areas significantly improved
Zles |dyafgdrgdysdy o feature recognition and informed subsequent analyses of Nullarbor Plain
HIER eoeanadsonee g dayas. Nevertheless, the full shapefile of closed depressions should be
§ interpreted with appropriate caution. Radiometric data were not used
§ o for automated recognition because potassium, thorium and uranium
° E % 5 §] % § § § § § ?3 g g § 5 radiometric signatures of sediment layers vary across the Nullarbor
§ é |7 T T YgY ey Plain, making automated classification prone to erroneous results.
2 There is no formal criterion defining the minimum size at which an
g g inception depression becomes a daya, a challenge which is a part of
'% ; ; § E 5 E 5 § % § § g § 5 § hierarchical issues in theoretical geomorphology (Evans, 2012; Smith
| fEC|ddd oS asyg g and Mark, 2003). Similarly, there is no fixed upper size limit for
glsgE|TPYgE8]dean® 3 . .
© dayas. In this study, coalescent dayas with connected floors were map-
?vg ped as single forms and were not excluded, as their removal would
S B artificially imply an absence of depressions in areas where they clearly
E % %NE T . exist as merged features. For analytical consistency, features with di-
é ABE|ld¥m¥Sa~dcada oS ameters smaller than 25 m and larger than 5 km were excluded from
.5 ORNDNOMOVONTA®O O further analysis.
g g @ % '§ E SIBBRNET 5 Because the morphometric approach does not distinguish between
_f:: S a genetic types, features of different origin may be grouped together.
9 However, the applied minimum and maximum diameter thresholds
3 g _ 5 automatically exclude smaller features such as blowholes, as well as very
c;l E % T% 5 2 % g large-scale depressions. Other types of closed depressions do occur on
% g E N mewmomoaSDgERSE the Nullarbor Plain, including some collapse dolines that may be sur-
= rounded by shallow sedimentary aprons formed by localised sediment
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Percentages of dayas in study areas according to the circularity index and surface area.

Small (<50,000 m?)

Medium (50,000-100,000 m?)

Large (100,000-500,000 m?) Largest (>500,000 m?) Total

Area 1 Elongate or irregular (<0.80) 4.0 1.5
Oval (0.81-0.91) 10.2 8.4
Circular (0.91-1.00) 15.5 15.2
Total 29.7 25.1
Area 2 Elongate or irregular (<0.80) 3.8 1.4
Oval (0.81-0.91) 13.1 2.3
Circular (0.91-1.00) 55.4 16.5
Total 72.3 20.3
Area 3 Elongate or irregular (<0.80) 13.9 9.1
Oval (0.81-0.91) 29.6 5.6
Circular (0.91-1.00) 29.4 3.4
Total 73.0 18.1
Area 4 Elongate or irregular (<0.80) 9.5 4.3
Oval (0.81-0.91) 32.3 3.3
Circular (0.91-1.00) 38.8 6.0
Total 80.6 13.6
Area 5 Elongate or irregular (<0.80) 6.2 4.8
Oval (0.81-0.91) 11.7 7.0
Circular (0.91-1.00) 5.9 4.8
Total 23.8 16.5
Area 6 Elongate or irregular (<0.80) 12.7 7.3
Oval (0.81-0.91) 19.3 5.5
Circular (0.91-1.00) 9.8 1.4
Total 41.8 14.1
Area 7 Elongate or irregular (<0.80) 6.6 6.1
Oval (0.81-0.91) 7.7 6.6
Circular (0.91-1.00) 4.0 5.1
Total 18.4 17.8
Area 8 Elongate or irregular (<0.80) 0.3 0.3
Oval (0.81-0.91) 1.1 5.3
Circular (0.91-1.00) 6.3 16.9
Total 7.7 22.5
Area 9 Elongate or irregular (<0.80) 11.6 13.6
Oval (0.81-0.91) 17.5 18.5
Circular (0.91-1.00) 9.3 9.0
Total 38.4 41.1
Area 10 Elongate or irregular (<0.80) 0.5 0.5
Oval (0.81-0.91) 3.7 10.3
Circular (0.91-1.00) 7.0 20.6
Total 11.2 31.3
Area 11 Elongate or irregular (<0.80) 3.4 1.7
Oval (0.81-0.91) 15.8 8.4
Circular (0.91-1.00) 23.5 20.7
Total 42.6 30.8

5.0 0 10.5
16.7 0 35.3
23.5 0 54.2
45.2 0 100

0.6 0 5.9

0.9 0 16.3

5.9 0 77.8

7.4 0 100

6.3 0 29.3

1.4 0 36.6

1.2 0 34.1

8.9 0 100

2.0 0 15.9

1.6 0 37.2

2.1 0 46.9

5.8 0 100
26.0 7.7 44.7
20.1 1.1 39.9

4.4 0.4 15.4
50.5 9.2 100
22.3 6.1 48.4
12.0 0.5 37.3

3.2 0 14.3
37.5 6.6 100
15.7 11.4 39.9
21.3 1.3 37.0
13.6 0.5 23.1
50.5 13.3 100

9.3 8.7 18.5
20.9 1.6 28.8
29.4 0 52.6
59.5 10.3 100
10.4 0 35.6

7.4 0 43.4

2.6 0 21.0
20.5 0 100

8.4 0.5 9.8
13.1 0.5 27.6
34.6 0.5 62.6
56.1 1.4 100

4.9 0.2 10.1

8.1 0 32.4
13.3 0 57.5
26.4 0.2 100

transport. These, however, represent a negligible component of the
overall dataset. Slightly more than 300 collapse dolines have been
documented, compared with more than 150,000 dayas identified in this
study. While this affects the full closed depression shapefile, it does not
compromise the clarity of interpretations based on the selected and
manually refined study areas. For this reason, the study adopted both a
wide-scope mapping approach and a narrow-scope, detail-focused
analytical strategy.

5.1. Morphological and morphometric characteristics

The 11 detailed study areas (see Figs. 4 and 5) show that the spatial
distribution and morphometric characteristics of dayas on the Nullarbor
Plain are not even, but closely correspond to inherited palae-
otopography. Three major geomorphological settings are presented in
the following paragraphs: planar surfaces, palaeochannel-dominated
area, and ridge-swale topography systems.

Areas 1, 2 and 8 are located on planar surfaces, characterised by
flatness and negligible relief. Dayas in these areas have high circularity
indices (mean 0.86-0.91) and moderate mean diameters (228-585 m)
(see Table 2). In Area 2, for example, circular forms constitute 77.8% of
mapped depressions (see Table 3), whereas elongate or irregular forms
remain in minority. Densities vary considerably, reaching 4.7 dayas/
km? in Area 2 but only 1.1 dayas/km? in Area 1, but this is correlated to

the mean surface area of dayas, where larger dayas generally represent a
lesser number per km?. Daya alignments from rose diagrams (see Fig. 6)
show relatively negligible patterns, however, Area 2 shows minor NW-
SW and SW-NE alignment pattern, and Area 8 shows minor NW-SW
alignment pattern. Whilst the alignment pattern in Area 2 cannot be
clearly explained by surrounding topography and may therefore indi-
cate the structural control (e. g. joints, fractures), the alignment in Area
8 is comparable to ridge and swale topography alignment, which be-
comes apparent ~15 km NW from the area, but is not identifiable within
the detail area itself. This suggests that the alignments of dayas on planar
surfaces, which are not structurally controlled, may reflect an ancient
topography, which has been subsequently eroded.

Areas 3 and 4 are dominated by fluvial palaeochannels (Alley et al.,
1999; Lowry and Jennings, 1974). Here, mean diameters are smaller
(212-261 m), and circularity indices are slightly lower (0.83-0.87)
compared to dayas on planar surfaces. Elongate or irregular forms
constitute 29.3% of depressions in Area 3 and 15.9% in Area 4. These
areas exhibit relatively high densities (3.6-4.6 dayas/km?), reflecting
numerous small depressions associated with drainage-controlled envi-
ronments. Daya alignments from rose diagrams (see Fig. 6) show rela-
tively negligible patterns, however, they are more random where the
palaeochannels have a dominant dendritic type (Area 3) compared to
where palaeochannels are in places rectangular due to joint/fault con-
trol (Area 4).



M. Jelovécan et al.

100 200km

200km

Geomorphology 511 (2026) 110414

-8
I 100%

TOTAL NUMBER OF CLOSED DEPRESSIONS = 4205

B 75 - 87.5%

37.5 - 50%

200 km

Fig. 3. Kernel density maps for each surface area class in %; a) small, b) medium-sized, c) large and d) largest. Basemap source: ESRI, 2025.

Table 4

X-ray diffraction results (%). For sample locations see Figs. 1 and 2.
Mineral Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Illite 39.7 37.0 36.7 40.1 26.4
Quartz 31.5 25.4 19.1 25.4 49.4
Kaolinite 21.8 23.1 20.9 25.9 14.2
Albite 6.3 7.5 12.9 7.3 1.4
Calcite 0 6.6 9.6 0.6 8.2
Anatase 0.4 0.5 0.6 0.5 0.2
Hematite 0.3 0 0.1 0.2 0.2

Areas 5, 6, 7, 9 and 10 represent the ridge-swale terrain. In general,
ridge-swale terrain is genetically derived from superimposed longitu-
dinal dune systems, now imprinted into the Nullarbor Limestone
(Burnett et al., 2020). However, in places, ridge-swale terrain may also
reflect tectonic/structural lineaments (Clark, 2012; Krapf and Gonzalez-
Alvarez, 2018; Sellmann et al., 2022). In both cases, dayas are affected
by similar topography and are thus joined together. These areas contain
the largest mean diameters (up to 661 m) and the highest proportions of
large and very large dayas (up to 63.8%). Elongate or irregular forms
dominate (39.9-48.4%), while circular forms are comparatively less
frequent (14.3-23.1%). Maximum diameters exceed 3 km in Areas 5 and
7. Densities are lower (0.9-1.5 dayas/kmz) than in palaeochannel-
dominated regions, reflecting the predominance of large coalesced de-
pressions within swales. Alignment patterns from rose diagrams (see
Fig. 6) closely match ridge direction trends, confirming directional
topographic control. This suggests that the morphology and

morphometry are strongly controlled by either inherited dune geometry
or structural lineaments, where swales concentrate runoff and accu-
mulate thicker, less permeable sediment infill, promoting prolonged
ponding (Gillieson et al., 1994) and lateral coalescence of depressions.
In contrast, ridge crests favour infiltration (Gillieson et al., 1994) and
support smaller, isolated circular forms on top of the crests. Smaller
dayas are usually associated with higher topographic position (on crests)
and consequently limited dissolution dynamics.

Area 11 is an example of a combination of ridge-swale terrain,
palaeochannels and flat individual areas. In this case, the mean diameter
of dayas reflects a moderate size, and includes all types of dayas,
although circular type prevails.

Across all study areas, mean depths remain uniformly low (0.6-3.0
m), despite large differences in surface area and diameter. This suggests
that morphometric variability is primarily expressed in planform size
and geometry rather than vertical incision. On the other hand, circular
dayas in general tend to be smaller on the eastern part of the Nullarbor
Plain. This pattern coincides with allochthonous sediment input from
palaeodrainage systems (see Fig. 1) forming a large alluvial fan sourced
in adjacent uplands (Alley et al., 1999), which may promote more
diffuse infiltration (Al-Halbouni et al., 2021; Salomon and Pulina, 2005;
Veress and Méhes, 2021). In contrast, the western part of the study area
is occupied by an extensive depression that was excluded from the
analysis. Lower rainfall in the eastern part of the plain (see Fig. 1, Bureau
of Meteorology, 2024a) may further limit enlargement.
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Fig. 4. Circularity index and surface area for dayas in study areas 1-6, arrow shows sampled daya. Basemap source: EOC Geoservice, 2023.
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Fig. 5. Circularity index and surface area for dayas in areas 7-11, arrows show sampled dayas. Basemap source: EOC Geoservice, 202.3.

5.2. Relation to Goudie's daya typology be directly and objectively supported by morphometric parameters, as
high circularity indices (>0.90) correspond to planforms approaching

Goudie (2010) distinguishes several daya types based on morpho- circular geometry (Suharyanto et al., 2020).
logical and morphogenetic traits, including the simple circular type, In planar settings, the dominance of circular and oval depressions
drainage channel type, centripetal type, structurally controlled type and with high circularity indices indicates widespread occurrence of Gou-
wind-aligned type. Within the present dataset, only the circular type can die's circular type (Goudie, 2010). These depressions typically occur as
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isolated forms on subdued palaeotopography (see Figs. 4 and 5). In
palaeochannel-dominated areas, elongate and irregular depressions
frequently coincide with mapped shallow drainage networks (Alley
et al., 1999). While circularity alone does not determine genetic type,
their spatial association with palaeochannels supports interpretation as
drainage channel types sensu Goudie (2010). Where multiple shallow
inflow channels converge into a single depression (see Fig. 11), the
morphology corresponds to the centripetal type described by Goudie
(2010). In ridge-swale dune systems, elongate and compound de-
pressions aligned with former dune axes correspond to the wind-aligned
type (Burnett et al., 2020; Goudie, 2010). In these areas, moderately
negative correlations between size and circularity indicate that larger
depressions tend to be more elongate, reflecting confinement and coa-
lescence within swales rather than distinct morphogenetic processes.
Wind-aligned dayas may have formed either during active dune devel-
opment or later on stabilised palaeodune surfaces; however, as their
alignment reflects inherited surface morphology rather than bedrock
structure, they are not classified as structurally controlled types. The
recognised daya types are shown in Fig. 11.

The structurally controlled type cannot be reliably distinguished
from morphometric parameters (e.g., length) alone, but local linear
alignments clearly coincide with known faults or fault-guided palae-
ochannels (e.g., individual examples in Area 11 were detected in fault-
guided fluvial palaeochannel).

5.3. Sediment infill and recent hydrological activity

Sedimentological and hydrological evidence indicates that dayas on
the Nullarbor Plain are not relict features but are actively modified
through episodic flooding and sediment redistribution. XRD analysis
(see Table 4) reveals dominant siliciclastic components (89.6-99.3%),
with little to no authigenic carbonate (0-9.6%), derived from
weathering.

Texturally, sediments are characterised as sandy silt and silty sand
(see Fig. 7), and are generally well sorted reflecting aeolian and fluvial
influences. The provenance is largely the non-carbonate hinterland, e.g.
the Great Victoria Desert (see Fig. 1). The coarse sand fraction is minor
(1.0-5.5%), due to its limited aeolian mobility.

The central parts of dayas remain flooded for longer periods,
enhancing the trapping and stabilization of fine-grained aeolian sedi-
ments. Shallow channels incising from daya margins towards centres
and the presence of weathered calcrete fragments observed during

Volume density (%)

0.1 0.4 1.3 4.6
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fieldwork, are consistent with observations from North African dayas
(Clarke et al., 1974; Mitchell and Willimott, 1974), and reflect episodic
runoff, flood sediment deposition and/or vertical sediment movement
following wet-dry cycles. In addition, higher vegetation density reduces
deflation of mobile silt and fine sand and enhances the trapping of
entrained aeolian sediment, leading to the formation of mound like
depositional features (Clarke et al., 1974; Gillieson et al., 1994; Goudie,
2004). Compared with the surrounding planar surface (sample 5), daya
floors show more effective sorting, greater clay accumulation, and
reduced carbonate content, attributed to subsurface leaching and
dissolution (Clarke et al., 1974; Mitchell and Willimott, 1974), while
daya slopes commonly contain weathered calcrete fragments.

The predominantly siliciclastic content in daya sediments (quartz,
illite, and kaolinite), together with a silty and clay rich texture, forms a
semi-permeable hydrological barrier that can promote episodic water
ponding lasting from several days (Gillieson et al., 1994) to months as
observed from Sentinel satellite imagery (Climate Engine, 2024).
However, water does not pond in all dayas, suggesting that in some cases
sediment permeability is sufficiently high to allow concurrent infiltra-
tion into the subsurface. In addition, variability of inundation following
the March 2024 flood event (see Fig. 9) indicates control by local
topographic lows, depression depth, and sediment thickness and
permeability. Across all analysed dayas (see Supplementary), calculated
water losses consistently exceeded theoretical evaporation, providing
evidence for active infiltration into the karst aquifer, in line with pre-
vious interpretations (Capot-Rey, 1939; Clarke et al., 1974; Gautier,
1951; Jennings, 1983; Mitchell, 1970; Mitchell and Willimott, 1974).

The absence of evaporite minerals (e.g., halite and gypsum in daya
sediments) further supports drainage to subsurface rather than complete
evaporation. Infiltration is likely enhanced by vegetation-induced
macroporosity (Li et al., 2011). Fine-grained sediment facilitates capil-
lary and lateral water movement (Veress, 2017), while elevated biogenic
CO2 and organic acids increase water acidity and promote limestone
dissolution. Consequently, ponded water enlarges depressions laterally
and vertically by dissolution, whereas ongoing sediment accumulation
maintains shallow depth of dayas. This indicates that dayas on the
Nullarbor Plain remain geomorphically active and continue to undergo
dissolution-driven expansion despite arid climate conditions, which
have prevailed on the Nullarbor Plain since the late Pliocene (Miller
et al., 2012).

The March 2024 flood also allows the hydrological role of dayas to be
expressed in terms of event-based recharge efficiency. Assuming that the

16.4 58.9 211.0 756.4

Particle size diameter (um)

Sample 1

Sample 2 emm—Sample 3

Sample 4 emSample 5

Fig. 7. Particle size distribution.
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Fig. 8. Dayas with ephemeral lakes near Rawlinna. Trans-Australian Railway at the bottom of the image for the scale.

contributing catchment of Daya 1 was approximately three to five times
the mapped daya area, and using the observed rainfall range of 268.4
and 333.4 mm across the western Nullarbor (Bureau of Meteorology,
2024b), the residual water loss after subtraction of theoretical evapo-
ration indicates that approximately 25-30% of rainfall falling across the
daya catchment may have infiltrated below the depression floor.
Although this estimate is necessarily approximate because catchment
area, water depth, and infiltration pathways are not directly measured,
it shows that dayas can operate as highly efficient focused recharge
features during extreme rainfall events. This interpretation contrasts
with the generally low rates of long-term diffuse recharge expected
across arid and semi-arid Australia, as demonstrated by Lee et al. (2024),
and suggests that localised recharge through closed depressions,
ephemeral ponds, karst conduits, and preferential-flow pathways may
represent a disproportionately important component of the Nullarbor
groundwater system. This high inferred recharge efficiency is also
consistent with the general behaviour of dryland aquifers, which are not
karstic but where recharge is also often episodic and threshold-
controlled rather than continuous. For example, in central Australia,
numerical modelling showed that only rainfall events exceeding
approximately 150-200 mm produced noticeable groundwater
recharge, with recharge linked to monsoonal extreme rainfall events
(Boas and Mallants, 2022).

5.4. Chronological implications and broader significance

The formation of karst features in arid environments is commonly
linked to past wetter climatic phases (Ford and Williams, 2007; Salomon
and Pulina, 2005). On the Nullarbor Plain, the last warm and humid
period occurred during the Pliocene (ca. 5-3 Ma) (Sniderman et al.,
2016; Woodhead et al., 2019), when palaeochannels were active
(Alley et al., 1999) and dune systems were superimposed onto the
limestone bedrock (Burnett et al., 2020). Regional differences in daya
characteristics demonstrate that their formation was spatially variable:
in northern and eastern sectors, dayas likely developed following
palaeochannel incision or dune removal, whereas in the southern Nul-
larbor Plain they may have formed contemporaneously with dune-
system karstification or later. Dayas can therefore be regarded as
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Pliocene or younger features based on their strong dependence on pre-
served palaeotopography.

Preserved palaeotopography exerts a first-order control on the dis-
tribution, morphology, and evolution of dayas in arid karst landscapes.
The strong correspondence between daya orientation, relict dune
alignments, palaeochannel systems, and subdued topography un-
derscores the importance of long-term landscape inheritance and dem-
onstrates that daya development is primarily governed by inherited
surface structure.

Beyond the Nullarbor Plain, the results provide broader implications
for understanding closed-depression development on low-relief car-
bonate platforms in arid to semi-arid climates. The combined morpho-
metric, sedimentological and hydrological evidence demonstrates that
large populations of shallow depressions can remain geomorphically
active under present-day aridity through the interaction of inherited
palaeotopography, episodic flooding, fine-grained sediment accumula-
tion, and focused dissolution. This challenges the common assumption
that such depressions are predominantly relict features formed exclu-
sively during past humid phases. Instead, the Nullarbor Plain dayas
illustrate how subtle topographic inheritance can localise water, sustain
dissolution, and maintain morphodynamic activity over multimillion-
year timescales despite limited rainfall. The integration of regional-
scale DEM analysis with targeted sedimentological and hydrological
validation further demonstrates an effective methodological framework
for analysing large closed-depression fields elsewhere. Similar ap-
proaches may therefore help to reassess the origin, longevity and ac-
tivity of depressions on other planar carbonate terrains.

6. Conclusion

This study presents the most comprehensive mapping of shallow
closed depressions (dayas) on the Nullarbor Plain to date, combining
DEM analysis, radiometric imagery, and targeted manual identification.
The dataset of over 150,000 features provides a robust foundation for
understanding the distribution, morphology, and evolution of dayas at
both regional and local scales. Morphometric analyses reveal that vari-
ation in size, shape, and alignment is strongly controlled by inherited
palaeotopography, including planar surfaces, palaeochannel-dominated
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Fig. 9. Ephemeral lakes of the study area 12 (time span from March to August 2024). Location shown in Fig. 1. Basemap source: ESRI, 2025.

areas, and ridge-swale topography systems. Sedimentological and hy- potentially contributing to focused event-based groundwater recharge.
drological evidence confirms that dayas are geomorphically active, with Spatial differences in morphometry and sediment infill indicate that
episodic flooding, sediment redistribution, and limestone dissolution dayas reflect a combination of inherited landscapes and ongoing pro-
continuing to modify depressions under the present arid climate and cesses, challenging the notion that shallow depressions on arid
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DAYA 1
March (29. 3. 2024) April (8. 4. 2024)

S$=228,243.0 m? S=196,837.0 m?
V =154,604.8 m® V=133,995.3m?

Change in volume: 20,609.5 m?®
Mean E = 250-300 mm/month Mean E =175-200 mm/month

- in 10 days, the theoretical evaporation would
range between 14,287.8 and 16,661.6 m®

May (8. 5. 2024) June (22. 6. 2024)

daya N Cartography: Matej Jelovéan, 2025. daya

Cartography: Matej Jelovéan, 2025.
Source: Wessel, 2018; Climate
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S=106,533.0 m? S=0m?2
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Change in volume: 108,398.3 m? Change in volume: 25,597.0 m®
Mean E = 125-150 mm/month Mean E =100-125 mm/month
-> in 30 the theoretical evaporation would range | - in 45 the theoretical evaporation would range
between 31,415.8 in 36,572.0 m® between 17,535.5 in 21,609.6 m®

Fig. 10. Calculated change in the amount of water in daya 1 and theoretical evaporation. Basemap source: ESRI, 2025.
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Fig. 11. Different daya types: a) large circular dayas in the west central Nullarbor Plain, b) elongate drainage channel type dayas interconnected with shallow
channels in the northeast, c¢) a centripetal type daya with shallow inflow channels in the northeast, d) a wind aligned type daya situated in the swale of the relict
limestone imprinted longitudinal dune system in the south (classification from Goudie, 2010). Dirt tracks for scale.

carbonate plains are predominantly relict. This provides a valuable
insight into karst evolution on arid planar carbonate platforms world-
wide, along with a transferable framework for their analysis.
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