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Abstract
Arnhem Land, which has one of the longest records of human activity on the Australian continent, also holds one of the most 
important assemblages of rock art in the world. Indigenous artistic practice in this region has continued since before the 
Last Glacial Maximum through to the modern day, a period of at least 28 thousand years, during which time the region has 
undergone significant environmental and palaeogeographical changes. Rock art research in the area, however, has not  con-
sidered high resolution palaeolandscape data, but rather has used coarser scale regional environmental models. This paper 
addresses this issue, applying detailed palaeogeographic modelling of current and former landscapes in the Red Lily Lagoon 
region in eastern Arnhem Land, to the spatial analysis of rock art site placement in this important cultural landscape. The 
resultant elevation, land cover and visibility modelling reveal significant changes in site placement strategies for rock art in 
the region, which appear to relate to four key phases of the landscape change that have occurred from the late Pleistocene 
to the late Holocene.
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Introduction

When rock art assemblages are considered at a landscape 
scale, it is possible to analyse spatial patterning as a means 
to infer site selection processes (Bradley 1991, 1997; 
Bradley et al. 1994a, b; Hartley and Vawser 1998; Ross 
and Davidson 2006; Schaafsma 1985: 261–263; Whitley 
1998). This approach has been explored for north-western 
Arnhem Land where Wesley et al. (2017) demonstrated 
links between the style of motifs, their inferred chronol-
ogy, and their geomorphological placement. At a broader 

scale, regional studies have assessed rock art distribution 
and variation (see May et al. 2018; McDonald and Veth 
2012; Taçon 1989a, b, 1993; Taçon et al. 2020), and linked 
rock art to changing environmental conditions to estab-
lish regional chronologies (see Chaloupka 1993). Recent 
geomorphological characterisation of the Greater Red 
Lily Lagoon Area (GRLLA), a province of exceptional 
archaeological significance in Arnhem Land, Australia 
(see Fig. 1), has made an environmental interpretation 
of the rock art sites in this landscape possible with an 
unprecedented level of detail (Kowlessar et al. 2023). In 
this work, Kowlessar et al. (2023) connected four distinct 
past environmental phases with distinct palaeogeographi-
cal configurations, that is palaeolandscapes, of the East 
Alligator River region. Figure 1 shows the East Alligator 
River region along with the GRLLA study area.

An innovation proposed in this paper is the linking of rock 
art distribution to digital modelling of these palaeolandscapes 
in the East Alligator River region, utilising high resolution ele-
vation data. This is achieved through detailed topographic ele-
vation modelling, paleographical reconstructions and viewshed 
analysis which provides information about what can be seen 
from each rock art site at the appropriate environmental period.
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The rock art, archaeological sites and other Indigenous 
cultural places of the GRLLA have national heritage signifi-
cance. The rock art in the GRLLA has been directly dated to 
the Pleistocene–Holocene transition with production contin-
uing to modern times (Jones et al. 2017b). This deep history 
of art production in the region provides a unique interpretive 
context given the scale of environmental and geographical 
changes that have occurred over this time. By analysing the 
artistic assemblage within its contemporary and past envi-
ronments, this paper provides unique insights into settlement 
strategies and human adaptations throughout these periods, 
adding to the current understanding of this significant area.

Landscape and visibility analysis of rock art site 
placement

Traditionally, regional landscape patterning of rock art sites 
has been used to gain insights into past settlement strategies, 
clan boundaries and/or social complexities, as well as to 
understand broad relationships to the environment (McDon-
ald and Veth 2012; Taçon 1993). Such regional studies of 
rock art sites have primarily followed broader hunter-gatherer 
mobility and aggregation concepts by studying the variation 
of artistic styles and/or the spatial distribution of sites. In this 

way, artistic style is viewed as arising as a cultural function 
and is tied closely with social identity (Conkey 1980: 609; 
McDonald 2017; McDonald and Veth 2012: 92; Smith 1994: 
10–11; Taçon 1993). This association of distinct styles with 
social and cultural groups leads to the interpretation of style 
as a form of information exchange (Smith 1994; Wiessner 
1984, 1989, 1990; Wobst 1977). This perspective views style 
as a culturally controlled, shared visual language, which sym-
bolically encodes information through visual and contextual 
means that can be understood only from an emic perspec-
tive (Smith 1994; Wiessner 1984, 1989, 1990; Wobst 1977). 
Whilst the exact and intended meaning of an artistic inscrip-
tion may be difficult, or impossible, to accurately infer from an 
etic perspective, the distribution and variations in style have 
nonetheless been used to provide insights into past human 
social organisation and settlement strategies when interpreted 
as indicators of cultural groupings (Conkey 1980; Domingo 
Sanz 2012; McDonald 2005; McDonald and Veth 2006; Ross 
and Davidson 2006; Wiessner 1984).

Concepts of hunter-gatherer societal structures, settlement 
strategies and social complexities have also been approached 
at a regional level through the analysis of variation and dis-
tribution of material culture (Conkey 1980). These notions 
have been directly associated with the concepts of mobility 

Fig. 1  Map of the study area within the larger region, showing the Alligator rivers, floodplains, Kakadu National Park and Arnhem Land along 
with the Arnhem Plateau (for detail of the study area, see Fig. 2)
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and aggregation, which refer to the spreading apart and com-
ing together of people within a distinct social group/society 
across physical space (Conkey 1980). Mobility in this regard 
refers to the overall range of activities of a particular group 
of people and may describe nomadic, fragmented occupa-
tion strategies, whereas aggregation describes the coming 
together of these, otherwise fragmented, groups that together 
form a distinct connected society (Conkey 1980). From these 
two concepts, ecological conditions and associated exploita-
tion strategies can be inferred, with larger range associated 
with lower resource density, whilst higher degrees of aggre-
gation and sedentary occupation are associated with areas 
of higher resources and carrying capacity (Conkey 1980; 
Lewis 1988).

Following this approach, higher degrees of variation 
within the art record, such as style, subject matter and site 
type, can be associated with increased population size, infor-
mation exchange, aggregation, and social complexity. This 
has been argued to occur within fertile regions with rigid 
territorial systems and complex kinship/social structures 
and is indicated by an increase in the social information 
encoded through variations in art (Lewis 1988; McDonald 
and Veth 2012). A widespread distribution of more homog-
enous artistic style may instead correlate to more open social 
networks and scarcity of resources, likely associated with 
harsher environments and associated exploitation strategies 
(Lewis 1988).

Ecological changes are another means of gaining insight 
into the social structures of past hunter-gatherer societies and, 
indeed, may often have acted as the catalysts for social changes 
and structural developments (Jones 2017; Morwood and Hobbs 
1995). This is especially applicable in the analysis of rock art, 
which is an inherently visual and spatial phenomenon and 
therefore ties into personal identity and relationship to land-
scape. When style is associated with culture and social identity, 
this reveals a contextual shared visual language inherent to that 
style. This form of information exchange is therefore strongly 
associated with the intended context of a cultural expression 
(Wiessner 1989, 1990; Wobst 1977).

In the case of rock art placed on an unmovable loca-
tion within the landscape, this context includes both what is 
inscribed as well as where and when it was inscribed (Johnston 
2018: 88). This human relationship with place goes farther than 
a simple function of the ecological landscape and ties more 
deeply into human perceptions and experiences. Extending 
analysis of style into the landscape locations and patterning 
of rock art site placements extend the ways in which informa-
tion can be encoded via art into a complex culturally distinct 
relationship to landscape that can be inherently considered part 
of the overall style (Bradley 1991; Domingo Sanz 2012). In 
this way, art is painted in a given space with the intention of it 
being viewed at that location from a culturally emic perspective. 
Therefore, the specifics of the rock art space itself may carry 

part of the information exchange, suggesting that an analysis of 
space needs to focus on the human perspective and the experi-
ence of being in the location where the rock art marking and 
viewing occurs (Bradley 1991; David et al. 2014; David and 
Thomas 2016).

Visibility is a property of a given space that has been used 
to provide insight into the human experience and sense of pres-
ence at a given location (Llobera 2003; Tilley 1994; Wheatley 
and Gillings 2000). Recently, visibility has been used to help 
interpret placement of rock art in a landscape (Acevedo et al. 
2019; Díaz-Andreu et al. 2017; Fairén-Jiménez 2007; Fairén 
2010; Intxaurbe et al. 2020; Ruiz et al. 2021) or within caves 
(Intxaurbe et al. 2021, 2022). The analysis of rock art through 
visibility has been based around two major perspectives: a rock 
art site’s visibility from the landscape (i.e. hiddenness vs open-
ness) and the visibility of the landscape from a rock art site. In 
the case of rock art these two are not directly reciprocal, as an 
individual motif may be placed in such a way as to be hidden or 
concealed from easy view but a human viewing/inscribing the 
motif may still have an excellent view of the landscape from 
such a location (Domingo et al. 2020).

The visibility of rock art from the landscape has been 
interpreted as being associated with its function as a sig-
nal. This site placement consideration is clearly associated 
with social complexity and directly relates to the com-
munication of information at given locations. This may 
be intended to mark territorial boundaries, indicate the 
presence of local resources or signal aspects of spiritual 
landscapes, or perhaps to perform more than one of these 
functions (Jones and May 2017). Such placements clearly 
correlate to areas of human mobility and transit. Nega-
tive correlations may indicate deliberate hiddenness. The 
difficulty of assessing the hiddenness of rock art leaves a 
significant interpretive challenge in understanding the pur-
pose of this concealment. Often, perceived hiddenness of 
art at a site has been interpreted as a deliberate choice by 
the artist with the intention of restricting access to this art 
for reasons often interpreted as cultural secrecy (Domingo 
et al. 2020). Domingo et al. (2020) have questioned the 
assumptions that hidden or low-visibility sites directly 
relate to an intended restriction of access or secrecy of 
such a site, supported by a number of Australian exam-
ples where this assumption is not met. Furthermore, the 
range at which the rock art features are distinguishable 
from the landscape is highly limited compared to the broad 
view of the landscape afforded from a rock art inscription 
(Fairén-Jiménez 2007: 291). For this reason, the purpose 
of signalling may not explain prominent site placements in 
a straightforward manner, due to associations with specific 
locations based on inherent properties. These considera-
tions create a significant challenge for the analysis of the 
visibility of rock art sites from the surrounding landscape 
and the implications of any such visibility. An assessment 
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of the visibility of the rock art from the landscape of the 
GRLLA region is outside the scope of this research, which 
instead focuses on the visibility of the landscape from the 
rock art site from the perspective of the inscriber.

Visibility of a landscape from the locations of rock art 
sites has been analysed using a variety of approaches to inter-
pret site selection intentions. Patterns within the visibility 
of landscape can be inferred through a cumulative views-
hed approach (Acevedo et al. 2019; Fairén 2010; Wheatley 
1995). This approach looks at a variety of sites that make 
up an archaeological landscape and combines the viewshed 
(mapped areas of visibility) from each of these sites to ana-
lyse what areas of the landscape are visible from multiple 
sites. A landscape area which is visible from a higher number 
of individual sights may be interpreted to be associated with 
the site selection process, possibly indicating a connection 
between the art and visibility aspects of that area. Such pat-
terns of landscape visibility have been interpreted as a func-
tion of territorial control, having been shown in some cases 
to be associated with vantage points that provide visibility 
over the low-lying areas which provide the easiest routes for 
physically traversing the landscape (Fairén-Jiménez 2007; 
Ruiz et al. 2021). Such territorial control is therefore argued 
to be a lookout location where art is also inscribed rather than 
a space of singularly dedicated cultural activity.

Alternatively, visibility has also been interpreted in terms 
of mobility with site selection that prefers areas with extensive 
views of the surrounding landscape argued to be associated 
with high mobility patterns of landscape use (Fairén-Jiménez 
2007; Fairén 2010). Patterns of site selection which favour lim-
ited visibility of the surrounding landscape may instead speak 
to more focused landscape use and possible more intensive 
occupation (Fairén-Jiménez 2007; Fairén 2010).

Regardless of the specific interpretations, the landscape 
visibility from a location is clearly a component of human 
sense of presence, which is central to the activities being 
undertaken there (Tilley 1994). However, in the case of 
extended temporal usage of an area, visibility analysis must 
be conducted with an understanding of the geomorpho-
logical and environmental changes the landscape may have 
undergone between the site formation event and the mod-
ern day (Wheatley and Gillings 2000). Unless changes in 
topography, vegetation and surface features are considered, 
the calculated visibility will be inaccurate. For this reason, 
visibility approaches of rock art sites, such as those found 
in the GRLLA, should be considered in direct consultation 
with accurate geomorphological modelling.

Rock art of the greater Red Lily Lagoon area

Several distinct artistic styles occurring throughout Arn-
hem Land have been proposed by rock art researchers. 
These styles have been developed based on repeatedly 

occurring traits which have been observed and formally 
described into a set of defined typological styles. Broadly 
agreed categories include Dynamic Figures, Post Dynamic 
Figures, Northern Running Figures, Simple Figures 
with Boomerangs, Yam Figures, Simple Figures, Large 
Humans, Large Fauna, Early X-Ray, Complete Figure 
Complex, Beeswax Figures and X-Ray Figures (Chaloupka 
1993; Chippindale and Taçon 1998; Taçon et al. 2020). 
Variations exist within each of these styles; however, 
these groups broadly unify figures drawn in a certain way 
and which depict a common set of subject matter. Table 1 
describes each of these distinct styles, limited to those 
which have been found to appear in the GRLLA study 
area.

Environment and rock art chronology

The GRLLA is situated on an important boundary between 
the ‘stone country’ of the Arnhem Plateau Kombolgie Sub-
group sandstone, and the vast floodplains of the Alligator 
rivers (see Figs. 1 and 2). Human occupation for over 60,000 
years of the region where the sandstone escarpment and flood-
plains interface has been demonstrated, with multiple occu-
pation sites in the area greater than 20,000 years old (Allen 
and Barton 1989: 102; Clarkson et al. 2017; Clarkson et al. 
2015; Schrire 1982: 110–145). Rock art production for at least 
28,000 years in Arnhem Land has been demonstrated, but likely 
has occurred for much longer (David et al. 2013). Despite the 
longevity of artistic practice in the region, all directly dated 
in situ art has been inscribed after the Last Glacial Maximum 
(LGM) and chronological estimates place all known examples 
into this period (Johnston 2018; Jones et al. 2017a, b, 2020; 
Taçon et al. 2020). The palaeogeography of the area has sub-
stantially changed over this period of rock art inscription, with 
major landscape changes associated with post glacial sea-level 
rise and increased precipitation (Kowlessar et al. 2023; Was-
son 1992; Woodroffe 1988, 1993; Woodroffe et al. 1985, 1986, 
1989).

The Alligator River region has been categorized into four 
environmental phases for the period of time following the 
Last Glacial Maximum (LGM) through to the modern day. 
These phases are Sea Level Rise phase, Marine Transgres-
sion (hereby referred to as Transgressive) phase, Big Swamp 
phase, and Freshwater Floodplain (hereby referred to as the 
Freshwater) phase. These phases were used to directly com-
pare the rock art chronology of Arnhem Land with the envi-
ronmental chronology.

Sea Level Rise phase 14,000–8,000 BP

The GRLLA of northwest Arnhem Land was a fluvial land-
scape throughout the Quaternary, with rivers running from 
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the Arnhem Plateau highlands down through the low-lying 
valleys to the north (Wasson 1992; Woodroffe 1988, 1993; 
Woodroffe et al. 1985, 1986, 1989). The nature of the fluvial 
systems in these low-lying valleys, which underlie the con-
temporary floodplains, varied through the glacial cycles of the 
Quaternary. These glacial cycles led to changes in both pre-
cipitation and base levels, which would have impacted these 
fluvial systems in ways that are currently poorly understood. 
Additionally, cycles of post-glacial transgressive scouring 
have erased many of the traces of previous fluvial systems 
(Wasson 1992). During the LGM, this landscape underwent 
its driest phase, with the low-lying valleys dry and much lower 
in relative elevation than present day. The recent geophysical 
modelling of the geomorphology of the GRLLA has eluci-
dated the pre-transgressive fluvial landscape (Kowlessar et al. 
2023). This fluvial landscape would likely have been active 
in the area since the previous interglacial cycle and is charac-
terised by smaller creeks and streams running through open 
woodland (Kowlessar et al. 2023).

Arnhem Land has been identified as a Pleistocene ref-
ugia when compared to surrounding regions during the 
LGM (Veth 1989). Despite the relative resource availability 
compared to surrounding regions, human activity here dur-
ing the Pleistocene has been characterised as having been 
highly mobile with flexible foraging strategies employed in 
the cooler and drier landscape dominated by open eucalypt 
forests and tropical savanna (Clarkson et al. 2015, 2017; 
Woo 2020). The end of the LGM around 14 ka saw a period 
of increased humidity and significant global sea-level rise. 
The sea-level rise flooded huge areas of the Sahul shelf 
which had connected the Australian mainland to Papua New 
Guinea, creating the contemporary Gulf of Carpentaria. This 
Sea Level Rise phase represents the sea-level rise from when 
it occurred distantly from the study area through till 8 ka 
when marine water finally reached the GRLLA. During this 
time, the now coastal areas of West Arnhem Land and the 
GRLLA transitioned from 350 to 50 km inland from the 
coast (Taçon and Brockwell 1995; Williams et al. 2018).

Table 1  Rock art styles of Arnhem Land found within the Greater Red Lily Lagoon region

Style Description

Dynamic figures This manner of depiction typically illustrates human figures which are painted in a dynamic pose illustrat-
ing activity (often running). Usually depicted without genitalia, though female figures are illustrated with 
breasts. Often depicted with ‘bustle’ or skirt hanging from the waist and holding spears or boomerangs 
(Chaloupka 1993; Chippindale et al. 2000; Johnston et al. 2017)

Post Dynamic Figures Human figures that resemble dynamic figures but have more passive pose and more simplified linework 
(Chaloupka 1993)

Northern running figures This manner of depiction typically illustrates human figures, usually painted in exaggerated running posture 
with elongated S-shaped bodies. Male depictions are most common, with depicted genitalia and head 
dresses. Distinctive solid line drawings with muscular legs painted with solid linework (Chaloupka 1993; 
Jones and May 2017)

Simple Figures with Boomerangs Human figures are painted with highly simplified linework, usually a single straight line for each limb and 
torso. Depicted holding boomerangs, these are only distinguished from the subsequent ‘Simple Figures’ by 
the inclusion of this older boomerang technology (Chaloupka 1993; Lewis 1988)

Simple Figures Painted in the same style as Simple Figures with Boomerangs but painted without weapons or with more 
recent technology such as spears (Chaloupka 1993; Lewis 1988)

Yam Figures Figures painted with a distinct linework pattern and always depicting Yam’s. Sometimes painted as anthro-
pomorphic human/yam hybrids

Large Human Depictions of humans drawn in a large style with complex linework often with decorative infill patterns and 
elements

Large Fauna Large figures which depict fauna, often macropods. These are distinguished from ‘Early large naturalistic 
fauna’ figures which are argued to be older with distinct red ochre linework (Chaloupka 1993; Jones et al. 
2020)

Early X-Ray Considered the earliest depictions of artwork in the region which show internal organs. This style depicts 
fauna with internal details such as optic nerves, internal organs and spine. These are more limited in inter-
nal detail than the more recent X-Ray style (Jones et al. 2017)

Complete Figure Complex This style groups several distinct sub-styles which all represent the recent Freshwater period. These styles 
include complex decorative infill patterns and depict humans, spirits, and fauna. The energetic figures 
which are a simplified human depiction drawn with a distinct style of stick-like line work are also included 
in the Complete Figure Complex (Taçon 1989a)

Beeswax Figures Figures that are formed from dots made of beeswax which are applied to a rock face. These figures can be 
both geometric and figurative designs (Brandl 1968)

X-Ray Figures depict fauna with detailed infill patterns and internal organs and bones visible. These figures often 
depict butchered animals (Chaloupka 1993)
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It is clear from the amount of land submerged that a 
great number of people must have been displaced, which 
is reflected by an interpreted increase in population density 
(Williams et al. 2018). These people are likely to have 
represented a variety of separate and unique social and ter-
ritorial structures (Blainey 1975: 90–91; Veth et al. 2021; 
Williams et al. 2018). This process of change may have 
been fast enough to be directly observed in the span of a 
lifetime (Taçon and Brockwell 1995; Williams et al. 2018). 

This change inevitably would have caused alterations to 
social boundaries, trade networks, and resource availabil-
ity and may have resulted in a restructuring of boundaries 
and clan relationships (Blainey 1975: 90–91; Veth et al. 
2021; Williams et al. 2018). The large number of groups 
and significant language diversity along the north coast of 
Australia has been argued to have emerged from a social 
restructuring occurring in response to the dramatic climate 
change events that began around this time and continued 

Fig. 2  Map of the East Alligator 
Region showing the Greater 
Red Lily Lagoon Area, East 
Alligator River floodplains 
and sandstone outcrops of the 
Kombolgie Subgroup
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into the mid Holocene (Blainey 1975; Jones 2017; Norman 
et al. 2024; Veth et al. 2021; Williams et al. 2018).

Within Arnhem Land rock art, the ‘Dynamic Figures’ 
are associated with the arid period before the marine 
transgression reached the GRLLA. However, these figures 
may have already been produced further seaward in areas 
that are now inundated (Chaloupka 1993; Chippindale 
and Taçon 1998; Reeves et al. 2013a, b; Yokoyama et al. 
2001). This artistic style has not been directly dated but 
has been placed at this point in the chronological order 
based on superimposition and relative dating results. The 
Dynamic Figures are predominantly male human figures 
painted in dynamic poses, usually depicted in hunting 
scenes featuring macropods, emus, and other terrestrial 
fauna (Chaloupka 1993). Some association has been made 
with the headdress and bustle depictions of this style and 
those found in contemporary Papua New Guinea, which 
may suggest an association from a time before the com-
plete flooding of the Sahul Shelf (Chaloupka 1993: 110). 
The distribution of the Dynamic Figure style covers the 
entire Arnhem Plateau (Johnston et al. 2017: 113). This 
extensive distribution has been interpreted as an indica-
tor of past social–cultural boundaries and inferred life-
ways and as suggesting a dispersed and mobile population 
(Lewis 1988). This broad social open mobile lifeway is 
in keeping with expected foraging strategies in the harsh 
arid conditions of the environment contemporary to the 
Dynamic Figures original inscription (Lewis 1988). With 
origins possibly associated with postglacial sea-level rise, 
this style may be indicative of socio-environmental adap-
tive response and subsequent changes to social complexity 
and symbolic identity. This idea has been put forward for 
the highly environmentally comparable Kimberly region’s 
Gwion figures, which have been argued to have been a 
contemporary style to Arnhem Land’s Dynamic Figures 
(Lewis 1997; Veth et al. 2021; Yokoyama et al. 2001).

The first appearances of large battle scenes within the 
rock art of the region seem to be associated with post-glacial 
sea level rise (Taçon and Chippindale 1994). Whilst sea level 
would not yet have reached this area, a substantial amount 
of the adjacent continental shelf would have begun to be 
covered leading to mass migration and social restructuring 
which may have led to conflict and even warfare (Blainey 
1975: 90–91; Lewis 1988: 90; Taçon and Brockwell 1995: 
121). These battle scenes have been more recently inter-
preted as depictions of ritual rather than actual combat 
(Johnston 2017; May et al. 2018). This interpretation further 
supports a model of significant and distinct sociocultural 
changes with complex ritual and symbolic representations 
associated with this time.

Blainey (1975:90–91) argued that a sea-level driven 
migration over a long-time span likely followed river cor-
ridors as people retreated further inland. This suggests that 

the Alligator River region may have been a point of contact 
between locally established groups and displaced people, 
especially towards the end of the sea level rise. The GRLLA 
is located at the boundary between the lowlands of the river 
valley and the stone plateau, leading to a distinct change 
in river gradient and ecology. Ecotones, such as this, that 
lie between the coastal planes and sandstone plateau, have 
been identified as having a higher density of occupation 
than other locations across the landscape (Allen and Barton 
1989; Hiscock 1999; Schrire 1982; Wesley et al. 2017: 25) 
as well as an abundance of biodiversity, an important factor 
in Indigenous subsistence practices (Wesley et al. 2017: 25). 
Furthermore, riverine corridors are particularly important in 
sandstone environments where they act as a highly travers-
able vector.

Recent analysis of Dynamic Figures has suggested that 
there may be more complexity and variation within this 
class than previously detected. Variations which were pre-
viously ascribed to chronological change may instead be 
best accounted for by regional variability (Johnston et al. 
2017). Another explanation for these regional variations is 
differences between individual artists rather than a cultural 
regional separation (Johnston et al. 2017: 122). This model 
implies that during this time only a small number of indi-
vidual artists may have been active and that they may have 
made large contributions to the collective artistic assemblage 
(Johnston et al. 2017: 122).

The Dynamic Figures are followed by a style called ‘Post 
Dynamic Figures’. These human depictions are illustrated 
in more static poses using more solid infill patterns than the 
Dynamic Figures (Chaloupka 1993). Recent analysis using 
machine learning indicates that these styles are closely related, 
which likely indicates a gradual shift between these forms rather 
than a punctuated stylistic innovation (Kowlessar et al. 2021).

The earliest directly dated rock art style in the Arnhem 
Land Region is the Northern Running Figures (NRF). These 
figures depict humans, usually in a running and combat or 
hunting posture, and have a minimum age of 9,400 cal. BP 
(Jones et al. 2017a, b). The NRF style has a very limited dis-
tribution across Arnhem Land which is centred around the 
East Alligator River (see Jones and May 2017). Whilst this is 
the only radiometrically dated style in the region, a detailed 
relative chronology of styles has been established through a 
study of superimposition of motifs in the area (Chaloupka 
1993; Chippindale and Taçon 1998; Taçon et al. 2020). This 
chronology places the two distinct styles of human depiction, 
Dynamic Figures and Post Dynamic Figures, earlier than the 
NRF style (Chaloupka 1993; Chippendale and Taçon 1998). 
These three styles are therefore included with our Sea Level 
Rise phase.

Large Naturalistic Styles can appear throughout the 
chronology and are difficult to associate with a particular 
phase; however, they are sometimes associated with the 
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pre-estuarine environmental phase, based on superimposi-
tion chronology (Jones et al. 2020).

Transgressive phase 8,000–6,500 BP

The marine transgression into the low-lying valleys and 
existing fluvial setting of the Alligator River region occurred 
around 8,000 BP and continued until around 6,500 BP when 
sea levels stabilised. This phase differs from the Sea Level 
Rise phase because it represents the time when the marine 
transgression had reached far enough inland to influence the 
waterways valleys of the GRLLA study area which had pre-
viously remained freshwater fluvial system. The transgres-
sion rapidly and extensively flooded the low-lying valleys of 
the Alligator rivers (Wasson 1992: 55–56, 141; Woodroffe 
1993). This flooding has been modelled as a total filling with 
ocean that effectively created at least a temporary coastline 
along the edges of the modern floodplain valley (Wasson 
1992: 55–56, 141; Woodroffe 1993). This transgression 
extended into the GRLLA, directly up to the sandstone 
escarpment (Kowlessar et al. 2023) significantly reducing 
the area of available land.

The NRF style is likely to have occurred well into this 
phase, followed by motifs of human figures called ‘Simple 
Figures with Boomerangs’ (Chippendale and Taçon 1998). 
Simple Figures with Boomerangs are a style of human fig-
ures that became increasingly simplified and contain a diver-
sity of postures, depictions of activity and material culture 
(Chaloupka 1993; Chippendale and Taçon 1998). Recently, 
radiocarbon dating of materials associated with painted rock 
art panels showing Simple Figure motifs have been dated to 
9,260–9,540 cal. BP based on an indirect association with an 
ochre crayon (David et al. 2017). Owing to the ambiguity of 
this date, the Simple Figures with Boomerangs style is still 
dominantly associated with this Transgressive phase. Large 
Fauna depictions continue to be painted through this phase.

The Rainbow Serpent motif’s appearance also occurs around 
this time, and some argue this is directly associated with this 
marine transgression (Lewis 1988; Taçon and Brockwell 1995: 
121). Stories of the powerful Rainbow Serpent demonstrate 
that it is responsible for large scale transformations and rep-
resents a natural force of both creation and destruction (Taçon 
and Brockwell 1995: 121). The Rainbow Serpent has also been 
argued to be an important force of cultural unification, and its 
ceremonial use can represent unity amongst groups and high-
light aspects of shared heritage and origins (Lewis 1988; Taçon 
and Brockwell 1995; Taylor 1996). If this association with the 
sea-level change event is to be followed, the cultural role of the 
Rainbow Serpent clearly shows a distinct change in social com-
plexity and social structures directly emerging from this event, 
with aspects of both conflict and unity involved. Elements of 
the Early X-ray style may have also appeared during this phase 
(Jones et al. 2017a, 2020).

Big Swamp phase 6,800–4,400 BP

Areas flooded by the marine transgression were quickly colo-
nised by mangroves allowing the development of a widespread 
mangal (community of mangrove species) forest (Woodroffe 
1993). This forest has been demonstrated to have rapidly and 
completely infilled the flooded valleys all the way to the sand-
stone escarpment beside Red Lily Lagoon (Kowlessar et al. 
2023; Woodroffe 1993). The timing of the mangal forest devel-
opment varies amongst the Alligator Rivers, although dating 
control is poor. Mangroves reached their maximum upstream 
extent in Magela Creek, a tributary of the East Alligator River, 
by 4,400 BP. This extends the Big Swamp development phase 
in the East Alligator River for a longer timespan than that in 
the South Alligator River, where the distribution began to 
reduce beginning around 5,300 BP, as the sinuous phase of the 
river morphology began (Wasson 1992:55–56,141). For much 
of the Big Swamp phase total coverage of the contemporary 
floodplains must have occurred (Kowlessar et al. 2023). The 
sedimentation caused by these mangroves infilled and overlay 
sections of sandstone escarpment along the floodplain edges 
within the GRLLA (Kowlessar et al. 2023). This indicates that 
many of the possible occupation locations of the early part of 
the Big Swamp phase in the region are now covered by flood-
plain sediments (Kowlessar et al. 2023).

A clear shift in archaeological site usage during the 
Big Swamp phase has been observed within the exca-
vated assemblages from the area (Allen 1989; Allen and 
Barton 1989; Clarkson et al. 2017, 2015; Hiscock 1999; 
Jones 1985; Schrire 1982). During this shift, mobility was 
reduced, population density increased, and site usage lasted 
longer than the previous sporadic, seasonal site occupa-
tion (Allen and Barton 1989; Clarkson et al. 2017; Hiscock 
1999: 94). Shellfish became the dominant food resource 
as shown by the appearance of shell middens at the occu-
pied sites on the edges of this huge mangal forest (Allen 
and Barton 1989; Clarkson et al. 2015; Schrire 1982; Woo 
2020). A distinct change in lithic technology is also associ-
ated with this phase, indicated by the appearance of spear 
points and steeply retouched flakes (Allen 1989; Allen and 
Barton 1989; Clarkson et al. 2017; Clarkson et al. 2015; 
Hiscock 1999; Jones 1985; Schrire 1982: 250–251; Woo 
2020: 225). This increase in point production may indicate 
a move towards spears as a dominant hunting tool and away 
from boomerangs. Spears are thought to be more associ-
ated with fishing, whereas boomerangs are associated with 
hunting large animals on open plains and in woodlands. 
This technology transition is therefore a possible indicator 
of adaptation from the arid pre-transgressive landscape to 
the marine and estuarine environments of the transgressive 
phase (Brockwell et al. 2011; Chaloupka 1993; Lewis 1988).

The extensive mangal forest covering all low-lying areas 
in the region must have caused a major restriction to mobility 
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(Allen 1996: 198,201; Allen and Barton 1989: 104). This 
restriction may have made crossing the lowlands difficult and 
limited movement and settlement location to the plateau’s 
margins and valleys, along with limited lowland corridors 
amongst tidal floodplains (Allen & Barton 1989: 104).

The changes in lithic technology through this period coin-
cide with the appearance of new technologies depicted in 
the rock art, including a high diversity of spear types and 
spear throwers (Chaloupka 1993; Chippindale and Taçon 
1998; Lewis 1988). This technological change separates 
the older Simple Figures with Boomerangs style from 
the emerging Simple Figures style depicting these newer 
technologies. Examples of Simple Figure motifs are con-
sidered to be the older ‘Simple Figures with Boomerangs’ 
style when they are depicted with boomerangs or amongst 
scenes with boomerang depictions. Otherwise, simple fig-
ures are typically assigned to the more recent ‘Simple Fig-
ures’ class (Chaloupka 1993; Chippindale and Taçon 1998; 
Lewis 1988). Within the rock art record, this phase also saw 
the proliferation of estuarine fauna species, which are best 
hunted using spears (Chaloupka 1993; Wesley et al. 2017).

The Simple Figures represent a highly varied style of rock 
art and several regional substyles (Kowlessar et al. 2021; 
Lewis 1988; Taçon 1993: 114). These substyles of simple 
figures have been constructed from regional typologies 
(Lewis 1988: 34–38) as well as more recently being charac-
terised using machine learning (Kowlessar et al. 2021). Both 
approaches have characterised the Simple Figures regional 
substyles as being collectively part of a larger Simple Fig-
ures class which occurs over the entire Arnhem Plateau, yet 
still separable from one another based on regional stylistic 
differences within this class. This increase in regionalism 
within the rock art may speak to a cultural change occur-
ring throughout Arnhem Land based on social reorganisation 
associated with the Big Swamp phase.

Yam Figures appeared during the Big Swamp phase along 
with Early X-ray style art. Yam Figures are a distinct style of 
linework that usually depicts yams or human–yam hybrids. 
Early X-ray art predominantly depicts animals drawn to show 
internal features such as bones and organs. Recently, Early 
X-ray art has been directly dated using radiocarbon on over-
laying mud wasp nests and calcium oxalate mineral crusts. 
This date provides a minimum age of 5,068–6,666 cal. BP 
for this style (Jones et al. 2017a: 87). This age confirms this 
style’s placement within the Big Swamp phase.

Large Human and Large Fauna figures are also associated 
with the Big Swamp (Chaloupka 1993; Chippendale and 
Taçon 1998). This demonstrates an increase in the diversity 
of artistic styles during this period further indicating chang-
ing roles of art and social complexity during this time. Sim-
ple Figures, Yam Figures and Large Human Figures show 
multiple ways of drawing humans practiced simultaneously 
within the same region, and sometimes on the same panel 

(Chippindale and Taçon 1993). During this time, Yam Fig-
ures have been argued to represent activities of the spiritual 
domain, whilst Simple Figures are used for those related to 
the material domain (Chippindale and Taçon 1993: 106). 
This implies a complexity to the role of art and ways in 
which it is used to encode and communicate information.

Freshwater phase 4400 onwards

The peak of mangrove dominance during the Big Swamp 
phase was followed by a highly variable environmental period 
dominated by the effects of the sedimentation caused by the 
extensive mangroves systems. The mangroves led to significant 
sediment accretion at the same time as the El Niño-Southern 
Oscillation (ENSO) monsoon system reactivated, increasing 
denudation of the sandstone escarpment and highlands around 
the flooded valley (Wasson 1992; Woodroffe 1993). Eventu-
ally this led to shoreline progradation which left the GRLLA 
region only occasionally exposed to marine water and made 
the habitat unsuitable for mangroves. This process was spa-
tially complex and caused a great deal of variation in the local 
mangrove habitats (Wasson 1992: 55–56; Woodroffe 1993). 
The mangroves were replaced by saline mud flats, which may 
have created large areas of resource-scarce land (Hiscock 1999; 
Hogarth 2015). This phase is often called the Sinuous phase 
as the Alligator rivers entered a phase of sinuosity as the flow 
regime significantly changed as a result of increased rainfall, 
stable base level and low fluvial gradient caused by shoreline 
progradation (Kowlessar et al. 2023; Wasson 1992; Woodroffe 
1988, 1993; Woodroffe et al. 1985, 1986, 1989).

Peak lithic production occurred during this time, related 
to major changes of resource availability (Hiscock 1996). A 
decline in long-term occupation has been interpreted from 
the excavated materials of rock shelters situated within the 
sandstone escarpments on the floodplain fringes (Allen 1989; 
Allen and Barton 1989; Brockwell et al. 2011; Clarkson et al. 
2015; Hiscock 1999; Schrire 1982; Woo 2020). During this 
decline in occupation of the sandstone shelters, there was 
an increase in open sites and a general shift in population 
towards the coast (Bourke 2004; Brockwell 2006; Brockwell 
et al. 2011; Guse 2005; Hiscock 1999). This period of site 
abandonment and changing technology was likely driven by a 
resource scarcity brought about by the development of hyper-
saline mudflats which remain where mangroves have receded. 
These mudflats offered few resources when compared with 
their mangal predecessors. It is unclear how long it may have 
taken for these mudflats to become the freshwater floodplains 
we see today, but this process was driven by shoreline progra-
dation, the El Niño-Southern Oscillation monsoon seasonal-
ity, and freshwater dominance during the wet seasons that 
followed.

As progradation progressed, new regions of sinuos-
ity developed further seaward in the Alligator Rivers, and 
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the flow rate through old river meanders increased as flu-
vial dominance overtook marine forces in these upstream 
extents. The increased flow rate through former river mean-
ders erodes riverbanks leading to sharp cusps in the channel 
morphology. This period, referred to as the Cuspate phase, 
followed the Sinuous phase of river morphology and is asso-
ciated with the river’s transition into the seasonally flooded 
freshwater-dominated system of the modern day.

The establishment of the freshwater floodplains may be 
associated with the return of more dense occupation to the 
sandstone fringes (Brockwell et al. 2011; Hiscock 1999), as 
the floodplains are seasonally inundated through the strong 
tropical wet/dry seasonality which followed the LGM. Con-
sisting of grasslands during the dry season and freshwater 
wetlands during the wet season, the floodplain margins of 
the East Alligator River record an increased population 
within the last 2,000–1,000 years BP (Hiscock 1999; Jones 
1985) as occupation became focused on abundant freshwa-
ter floodplain resources including freshwater fish and birds 
(Brockwell et al. 2011; Hiscock 1999; Shine et al. 2016, 
2015; Wesley et al. 2017).

The East Alligator River morphological phases (sinu-
ous and cuspate) and the Freshwater phase together are 
synchronous with the final chronological phase of the rock 
art styles. During this time, Complete Figure Complex, 
Beeswax Figures and X-Ray rock art emerged (Chaloupka 
1993; Chippindale and Taçon 1998). Art of this phase has 
been clearly linked to this environmental period through the 
depiction of freshwater flora and fauna along with hunting 
scenes and detailed interactions with the floodplain environ-
ments (Chaloupka 1993). As the most recent rock art style 
and a close connection to contemporary artistic practices 
in Western Arnhem Land, the X-Ray style provides eth-
nographic insights regarding personal, social and spiritual 
identity (Taçon 1989a; Taylor 2008a, b). This period of art 
displays a vivid use of colour and decorative patterns associ-
ated with the artist’s personal clan identity (Taçon 1989a: 
209). Such clan designs are present predominantly in depic-
tions of humans, and less often in animals where they act as 
decorations rather than species identification, therefore play-
ing a role in both the spiritual identity of the artists and the 
subjects, along with the associated stories depicted (Taçon 
1989a: 209). These clan designs have been said to have been 
passed down from Ancestral Beings, and their use continues 
to be associated with their power and connection with clan 
country (Taçon 1989a; Taylor 2008a, b). Indeed, within this 
most recent period of rock art, there are also direct depic-
tions of sacred Ancestral Beings (Taçon 1989a). This use of 
art to mark places with signals of personal identity, as well 
as with linkage to spiritual stories associated with specific 
locations, is a distinct signalling behaviour which clearly 
demonstrates these important and functional links to artwork 
placement throughout the landscape.

GRLLA settlement and site selection patterns

Wesley et al. (2017) assessed settlement and site selection 
patterns through time using rock art styles and the site’s rela-
tive height and geomorphic context as the primary data. This 
grouped sites throughout the GRLLA based on art style chro-
nology into early (20,000 to 8,000 BP), middle (8,000 to 3,000 
BP), and late (3,000 BP to recent) phases. Each site was given 
a geomorphological context, either hilltop, hillside, or base, 
determined by their relative position on the sandstone escarp-
ment. This allowed total rock art motif densities to be estimated, 
along with the rate of new discrete painted shelter/boulder art 
sites added per year and the relative site placement patterns 
based on the escarpment positions. Wesley et al. (2017) found 
that the late phase showed the highest percentage of individual 
motifs, but the middle phase showed the highest percentage 
of actively occupied sites. There was a tendency for sites to 
be located on hillsides during the early phase but evenly dis-
tributed from escarpment base to hilltop during the late phase 
(Wesley et al. 2017). Note that Wesley et al. (2017) included the 
NRFs in the middle phase, and although they were subsequently 
dated to be active in the early phase, were likely continued to 
be produced during the middle phase (Jones 2017; Jones et al. 
2017b). Jones and May (2017) presented additional data for 
the placement of the NRF figures based on geomorphological 
classes of the sandstone escarpment. The classes were boulder 
plain, outlier base, outlier slope, and outlier top. This research 
included data from GRLLA as well as other locations. NRFs 
were demonstrated to have been most frequently positioned on 
outlier tops and secondly on outlier slopes with less placements 
in the other locations. Jones and May (2017:59) noted that the 
outlier top is the highest elevation class of these categories, but 
note that this trend may be biased by overpainting occurring 
during subsequent phases which use the lower regions of the 
sandstone more dominantly.

Wesley et al. (2017) and Jones and May (2017) argued 
that these patterns in site placements and changes through 
time reflect changing mobility and occupation patterns 
but may also be influenced by taphonomy. Both these 
approaches use geomorphological classes which have some 
analogy to elevation. However, two sites of the same geo-
morphological class ‘Hill Top’ may have significantly differ-
ent elevations. For this reason, there is merit to investigating 
elevation of sites directly.

Geomorphology and land cover classes

Kowlessar et al. (2023) provided a detailed model of the 
GRLLA palaeogeography throughout the major periods of 
environmental change between the late Pleistocene and mod-
ern day. These findings provide insights into the relation-
ships between modern day land cover classes and prior geo-
morphological conditions. The colluvium slopes that infill 
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valleys in the Kombolgie Subgroup sandstone escarpment 
have been demonstrated to have accumulated over previously 
exposed bedrock. The floodplain has been demonstrated 
to be underlain by a pre-transgressive land surface up to 
10 m below the current surface level. A buried sandstone 
escarpment which represents the front escarpment of the 
Kombolgie Subgroup within the GRLLA during the Pleisto-
cene underlies the floodplains. Importantly, this escarpment 
shelf lies below contemporary paperbark woodlands, so it 
can be mapped by proxy from the surface. Similarly, the 
backswamps that currently retain surface water even during 
much of the dry season overlie previously exposed sandstone 
escarpment. Understanding these contemporary land cover 
conditions as indicators of past landscape conditions is criti-
cal for interpreting rock art site placement over the period of 
human occupation in the GRLLA. Table 2 shows the land 
cover classes as defined in this study and their connection to 
the landforms within the study area.

Methods

Data collection and organisation

Field surveys conducted in 2015, 2018, and 2019 recorded 
103 rock art sites across the study area that were included 
in this analysis (Jones et al. 2017a; Kowlessar et al. 2022; 
Wesley 2016; Wesley et al. 2017). These sites were recorded 
with photography, and a handheld Global Navigation Satel-
lite System (GNSS) was used to record site locations. Dis-
tinct sites were determined where a physical break between 
archaeological features of at least 10 m occurs. A record 
of the motif styles, features and subject matter was made 
in the field. Many of the sites were also recorded using the 
photogrammetry method outlined in Kowlessar et al. (2022). 
The chronological age of the sites was inferred through an 
analysis of the styles depicted in the rock art. Four major 
chronological periods associated with distinct environ-
ment conditions were selected, which are Sea Level Rise, 
Transgression, Big Swamp, and Freshwater environmen-
tal phases. The presence of a motif with a style associated 
with one of these phases was used to group the rock art 
data by environmental phase. Large Fauna was not included 
in these chronological subsets due to the ambiguity in cor-
rect chronological identification (Jones et al. 2020). Simple 
figures were included in the Transgression and Big Swamp 
phases, although there is a possibility that this style may 
have originated in the terminal end of the Sea Level Rise 
phase (9,260–9,540 cal. BP) (David et al. 2017). Sites that 
exhibited motif styles associated with multiple phases were 
included in each of these phases. As such, the combined 
total of each of these subsets exceeds 103, as some sites were 
active during multiple phases and included in both subsets. 

Table 3 shows the styles recorded and their grouping based 
on their environmental phase.

Land cover analysis

A supervised land cover classification was performed for the 
entire study area. The study area was categorized into one 
of the following labels: River, Floodplain, Backswamp, Col-
luvium, Sandstone, Monsoon Vine Thicket, Open Eucalypt 
Woodland and Paperbark Woodland. Figure 3 demonstrates 
these land cover classes and their landscape and geomorpho-
logical context along with subsurface features (Kowlessar 
et al. 2023).

This classification was performed using manual tracing of 
satellite images, and aerial photography along with ground 
visits and photographic records for validation. These data 
were converted into image data with a pixel size of 2.37 m 
and values from 1 to 8 representing the land cover class for 
each pixel.

Visibility analysis

A digital elevation model (DEM) was created for the 
study area that was a composite of three elevation models 
derived from Shuttle Radar (SRTM1S13E132V3 and SRT-
M1S13E133V3 images courtesy of the U.S. Geological 
Survey), LIDAR (Geoscience 2015) and drone-based pho-
togrammetry (Kowlessar et al. 2022). These had a spatial 
resolution of 20-m, 5-m, and 6-cm pixels, respectively, and 
were resampled to a consistent 2.62-m pixel size. This com-
posite was used to generate a complete coverage of the study 
area which was 175.93  km2.

A second DEM recreating pre-transgression elevations 
was derived from this contemporary elevation model by 
adjusting the major geomorphological component elevations 
based on the results presented in Kowlessar et al. (2023). 
Areas of contemporary floodplain were lowered by 7 m 
from their present day, reflecting the removal of mangrove 
sediments. Backswamps were lowered by 1 m to reflect the 
removal of sediments overlaying a shallow buried sandstone 
surface. Floodplain areas with paperbark swamps and wood-
lands were lowered by 5 m reflecting a shallow buried sand-
stone escarpment. All other surface areas were left at their 
current elevations. These changes follow the regional paleo 
environmental model presented in Kowlessar et al. (2023). 
This model is based on sparsely sampled coring, geophysical 
data and larger scale geomorphic models and represents the 
most detailed model of landscape change produced for the 
region to date. It should be noted, however, that this model 
has not been validated for all areas within the study area 
and future interpretation of these results may be subject to 
changes or refinement.
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The rock art sites were placed on the DEM based on their 
GNSS position. The exact site positions were supervised 
and adjusted based on the aerial photography and DEM to 
choose the most appropriate observer vantage point on a 
site-by-site basis. Site placement was made as a single point 
per site. This point was placed in a location close to the rock 
art panel(s) as central to the site as possible, in a location 
where a free-standing person may be offered the best view of 
the landscape. This was chosen to represent the locations for 
the viewshed as opposed to the rock art panel(s) directly. The 
point which represented this observer at each site was 1.75 m 
above the ground surface (elevation was derived from the 
underlying DEM) to represent a standing and attentive per-
son. Visibility was calculated for the entire DEM from each 
site using the ‘visibility analysis’ tool in ArcGIS Pro (ESRI) 
software. This method produces a raster dataset of the same 
spatial resolution (pixel size) as the input DEM for each 
observer point (rock art site), with pixels represented by 1 
for visible areas and 0 for non-visible areas. This viewshed 
dataset represents the areas of the DEM that are visible from 
a given rock art site. A second visibility analysis was con-
ducted for the sites using the adjusted DEM surface which 

represents an interpreted pre-transgression elevation model 
for the area.

The total area  (km2) of land surface visible from each 
site was calculated as the number of pixels with a value of 1 
(indicating visibility) multiplied by the pixel area (6.86  m2) 
and finally divided by  106 to give area in square kilometre 
units  (km2).

The separate site viewsheds were added together using 
raster math to generate a cumulative viewshed raster dataset 
for each of the four environmental phases of interest. Two 
separate cumulative viewsheds were produced for the Sea 
Level Rise and Transgressive phases, which measured vis-
ibility based on both the contemporary elevation and the 
interpreted pre-transgressive elevation. Each cumulative 
viewshed raster dataset has the same resolution as the input 
DEM and has a value for each pixel equal to the total number 
of sites active during the given environmental phase that 
have a visibility of that location.

A total viewshed was derived from each separate cumu-
lative viewshed where each pixel value greater than 1 was 
given the value 1 and all pixel values of 0 remain as 0. These 
total viewsheds represent the landscape areas that are visible 

Table 3  Styles and environmental phase grouping

Phase Sea Level Rise phase
14–8 ka

Transgressive phase
8–6.5 ka

Big Swamp phase
6.8–4.4 ka

Freshwater phase
4.4 ka onwards

Dynamic Figures Northern Running Figure Simple Figures Complete Figure Complex
Post Dynamic Figures Simple Figures with Boomerangs Yam Figures Beeswax Figures

Styles Northern Running Figure Large Fauna Large Human X-Ray
Early Large Naturalistic Fauna Large Fauna

Early X-Ray

Fig. 3  Conceptual diagram of land cover classes and geomorphology of the GRLLA
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from at least one of the active sites for each given cumulative 
viewshed. The total area of land visible for each of the four 
phases was calculated as the sum of the area of all pixels that 
were visible from one or more sites (pixel value > 0).

To understand the distributions of land cover types that 
were visible from each viewshed, a visibility mask was cal-
culated for each phase. This mask had pixel values of 1 for 
visible areas and 0 for non-visible areas. The land cover 
image was multiplied by this mask. Products represent a 
zero for areas that were not visible and unchanged for areas 
that were visible. This allowed the area of each land cover 
type visible to be calculated based on the number of pixels 
for each class. As the different environmental phases have 
a different number of sites, directly comparing the area of 
visibility of each of these land cover types between these 
phases is not meaningful. To compare the phases, the vis-
ibility of each of the land cover classes was calculated as a 
percentage of the total visibility of that environmental phase. 
This allows a comparison of the relative distribution of the 
land cover types amongst the groups.

This comparison is based only on the total viewshed 
for each environmental phase and does not account for the 
instances when multiple sites of the same phase may have 
overlapping views of the same areas. To understand which 
land cover classes had repeated representation in areas of 
overlapping visibility between sites of the same phase, the 
land cover classification image was first separated into a 
binary mask for each of the land cover classes where 1 rep-
resents pixels with the presence of the class and 0 repre-
sents pixels with the absence of this class. These individual 
images were multiplied by the number of observers (cumula-
tive viewshed value) for each pixel. This was done for each 
land cover class, and the resulting areas were tallied. These 
areas now represent the sum of the total area visible for each 
site including areas which overlap and as a result do not 
reflect true land surface coverage but instead a measure of 
land cover visibility preference in site selection.

To understand the local land cover around the sites, a 
mask was generated by creating an arbitrary 100 m buffer 
around each site per phase. This resulted in four sets of 
100 m masks for local site adjacency. Areas that were 
within 100 m of multiple sites of the same phase were 
merged. The land cover data was clipped by these 100 m 
buffer masks, and four new land cover maps were gener-
ated, now only containing values for areas within these 
zones. As phases with a higher number of sites have more 
area, these values have been tallied as both the total area 
of each land cover class as well as a percentage of the total 
for each phase for useful between-phase comparison. This 
between phase comparison as a percentage of the total for 
each phase mitigates some effects of possible taphonomic 
and conservation issues that may influence the frequency 
of sites from older phases.

Statistical analysis

A statistical analysis was conducted to compare the dis-
tributions of the Elevation and Total Area of Visibility 
amongst each artistic style (see styles in Table 3). Assump-
tion testing was conducted, and where parametric assump-
tions (normality and equal variance) were not met, the 
non-parametric Kruskal–Wallis H test was chosen for this 
comparison (Singh et al. 2013). No statistical comparison 
was made of the environmental phase groups as these do 
not reflect individual samples and many data points are 
shared amongst groups, for example, NRF inclusion in 
both Sea Level Rise and Transgressive phases.

The relationship between visibility and elevation was 
explored by calculating a correlation coefficient (R) and 
conducting a linear regression for all sites. This was con-
ducted to understand how much the differences in visibil-
ity are explained by patterns within elevation levels of 
the sites.

Results

Rock art sites

In total, 103 rock art sites were identified in the study area. 
Of these sites, 25 show art styles associated with the post-
glacial Sea Level Rise phase, 30 with the Transgressive 
phase, 72 with the Big Swamp phase, and 47 with the Fresh-
water phase. Whilst only 103 sites were identified, some 
of these sites showed styles from multiple phases and so 
have been included in both phase counts accordingly (hence 
n = 174). Table 4 shows the duration of each phase in years 
along with the number of sites associated with each phase 
and the number of sites per 1000 years.

Figure 4 displays the distribution of rock art sites through-
out the landscape for each phase.

Visibility analysis

Figure 5 shows the viewshed analyses from the rock art 
sites for the entire study area, per phase. The viewsheds 
have been separated into the four environmental phases: 
Sea Level Rise, Transgression, Big Swamp, and Freshwa-
ter, represented by A through D respectively. The number 
of different sites of a given phase that share a view of an 
area of land surface is given as a percentage per phase to 
allow comparison amongst the phases. The percentages 
are calculated per phase, so a pixel with a percentage of 
60 (represented in red colour in Fig. 5) is located on an 
area of land surface visible from 60 percent of the sites 
that were active during that phase. The figure shows that 
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during the Sea Level Rise and Transgressive phases most 
sites had views of the landscape that covered very long 
distances. These were focused views with many of the 
sites active during these phases having overlapping views 
of the same specific distant area of land surface. The fig-
ures show that during the Big Swamp and Freshwater 
phases, visibility was more focused on the floodplain 
areas, particularly to the east of the East Alligator River 
(see areas in red).

Table 4  Number of sites associated with a phase given as a total and 
per 1000 years

Phase Phase duration 
(years)

Number of 
sites

Number of 
sites per 
1000 years

Sea Level Rise 6000 25 4
Transgressive 1500 30 20
Big Swamp 2400 72 30
Fresh Water 4400 47 11

Fig. 4  Site placement density 
by environmental phase: a Sea 
Level Rise phase, b Transgres-
sive phase, c Big Swamp phase, 
and d Freshwater phase
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Statistical analysis

Table 5 shows the mean and standard deviation (SD) for 
the elevation (m Australian Height Datum [AHD]) and 
area of land surface visibility  (km2) for each group. Fig-
ures 6 and 7 show the elevation and visibility by phase 
respectively.

The correlation between land surface visibility and 
site elevation is weakly positive (R = 0.38). The R2 of 
0.1448, shows that only 14% of the variation in visibility 
is explained by elevation. Figures 8 and 9 demonstrate the 
distribution of site elevation and total area of visibility, 
respectively, by artistic style presence.

All elevation groups violated parametric assump-
tions of both normality and equality of variance. The 

Kruskal–Wallis test found that the distributions of site 
elevations were significantly different amongst the artistic 
styles, H(11) = 20.544, p = 0.038. The pairwise compari-
son of groups conducted as part of the Kruskal–Wallis test 
found significant differences amongst the NRF style and 
all other styles except for Yam figures and Simple Figures 
with boomerangs. No significant differences were shown 
between any other style pairs indicating only the NRF has 
a significant difference in elevation distribution amongst 
the styles.

The Kruskal–Wallis test found that the distributions of 
site total visibility areas were not significantly different 
amongst the artistic styles.

Greater Red Lily Lagoon area land cover mapping 
and analysis

Figure 10 shows the map of the land cover classes produced 
for the full study area, which is the extent of the visibility 
analyses.

The total area of land cover type visibility is reflective of 
site frequency (i.e. phases with more sites will have a higher 
total area visible, which may be only due to site preserva-
tion) and cannot be directly compared without converting 
to a percentage of total visibility for each phase. Figure 11 

Fig. 5  Areas visible from sites 
and frequency of site visibility 
(%) by environmental phase: a 
Sea Level Rise phase, b Trans-
gressive phase, c Big Swamp 
phase, and d Freshwater phase

Table 5  Mean site visibility and elevation by environmental phase

SD standard deviation, AHD Australian Height Datum

Phase Visibility (SD)  km2 Elevation (SD) m(AHD)

Sea Level Rise 9.20 (7.5) 50.53(14.10)
Transgressive 7.74 (7.18) 45.47 (17.43)
Big Swamp 5.75 (6.67) 35.86 (21.44)
Freshwater 7.07 (7.34) 34.91 (22.70)
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Fig. 6  Box plot of site elevation 
(m Australian Height Datum 
[AHD]) for each environmental 
phase. x represents the mean 
value for each phase and dots 
represent outliers (values which 
fall outside of the inter quartile 
range by 1.5 times this range)

Fig. 7  Box plot of site land sur-
face visibility  (km2) by environ-
mental phase. x represents the 
mean value for each phase and 
dots represent outliers (values 
which fall outside of the inter 
quartile range by 1.5 times this 
range). Sea Level Rise Pleis-
tocene LS and Transgressive 
Pleistocene LS show the area 
of landscape visibility using the 
digital elevation model derived 
from subsurface features which 
may better represent the Pleisto-
cene land surface contemporary 
to these phases

Fig. 8  Box plot of artistic style 
by site elevation (m Australian 
Height Datum [AHD]). x rep-
resents the mean value for each 
phase and dots represent outli-
ers (values which fall outside of 
the inter quartile range by 1.5 
times this range)
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shows these values as a percentage of the total visible land 
surface for each environmental period allowing comparison 
to each other.

Figure 12 shows the area of land cover class visible from 
each site within an environmental group summed together 
(cumulative viewshed). This means multiple sites looking at 
the same area will count that area cumulatively once for each 

site. This table is again given as a percentage of the total 
cumulative visibility per phase for comparison.

Figure 13 shows the area of each land cover class that 
occurred within 100 m of a site as a percentage of the total 
area of sites for each environmental period. Areas within 
100 m of two sites are joined. The total area is reflective of 
the total 100 m area around each site and shows a larger area 

Fig. 9  Artistic style by site area 
of visibility  (km2). x represents 
the mean value for each phase 
and dots represent outliers 
(values which fall outside of the 
inter quartile range by 1.5 times 
this range)

Fig. 10  Land cover map of the 
study area today. The bounda-
ries of this map represent the 
extent of the visibility analysis
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for a period with a higher frequency of sites as well as sites 
that are less clustered and have more than 100 m spacing 
between sites. Figure 13 displays these results.

Discussion

The number of sites per phase is an important indicator of 
rock art activity at a landscape level. Note that the number 
of motifs within each site was not considered in this study. 
The number of individual sites where rock art was being 
inscribed demonstrates a pattern of site selection and land-
scape use during these different environmental phases. The 

Sea Level Rise phase was found to be the least active phase 
for new site formation. Despite this phase having the long-
est duration of the four phases considered, it only accounts 
for the establishment of four sites per 1,000 years, indicat-
ing a very sparse use of the landscape during this time. It 
must be noted that a significant amount of the landscape 
that was accessible during this time, including sandstone 
escarpments, is now buried. This is likely to have signifi-
cant impacts on the number of sites from this phase that are 
accessible for survey (Kowlessar et al. 2023). The Trans-
gressive phase may have been similarly impacted, especially 
in the early periods of this phase. However, the Transgres-
sive phase, the shortest of the four environmental phases 

Fig. 11  Land cover class by 
total viewshed visibility as a 
percentage of environmental 
phase total visibility
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Fig. 12  Land cover class by 
cumulative viewshed visibility 
as a percentage of environmen-
tal phase total visibility
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considered, had a relative increase in both total number of 
sites and associated new site development per year, with 20 
sites per thousand years. It should be noted that this phase 
shared several associated styles with the Sea Level Rise 
phase; however, this increase in sites is still noteworthy. 
This increased use of the landscape, especially the sandstone 
escarpment, may be associated with the marine transgression 
and significant loss of land in the GRLLA during this phase 
(Kowlessar et al. 2023). The number of sites per phase shows 
the Big Swamp phase as the most active period of rock art 
site formation. It may be expected that the older sites will 
be underrepresented due to site preservation and burial dur-
ing the Transgression and Big Swamp phases. However, the 
Big Swamp phase is shown to have a larger number of active 
sites than the more recent Freshwater phase, which demon-
strates that the high frequency of sites during this time is 
sufficient to overcome the impact of differing taphonomic 
effects between these two phases.

The increased site frequency during the Big Swamp phase 
may be explained by the significant change in resources and 
settlement strategies brought about by the mangroves that 
filled the floodplains. Excavations in the study area have 
demonstrated that molluscs were the dominant food source 
during this phase. The intensification and specialisation in 
mangrove molluscs have also been associated with increased 
periods of site usage and population growth (Brockwell et al. 
2011; Shine et al. 2013, 2015, 2016; Wesley et al. 2017: 47; 
Woo 2020). This increase in site creation may relate to the 
major change in resources available in the Big Swamp phase’s 

flourishing mangrove colonies compared to the previously 
open woodland environments. Shellfish resources may explain 
the shift away from flexible foraging strategies towards more 
reliable sedentary foraging. The timing of this increase in site 
creation coincides with a proliferation of artistic styles thought 
to be associated with changes to social structures, systems 
and boundaries as a result of the transgression (Lewis 1988; 
Morwood and Hobbs 1995; Taçon and Brockwell 1995). This 
change in landscape use shows that the spatial context of artis-
tic inscription practices changes along with the artistic styles 
of depictions during this time.

The number of rock art sites on the plateau increased 
during the Big Swamp phase (see Fig. 4). The Big Swamp 
phase has the geographically widest geographic use of the 
sandstone plateau whilst the Freshwater phase has less use 
but maintains a broad distribution. This increased usage 
of sandstone plateau is also reflected in the increased per-
centage of sandstone found within 100 m of sites during 
these later phases (see Fig. 13). These results support an 
interpretation of the mobility changes during the flourish-
ing mangal forests of the Big Swamp phase, which presum-
ably encouraged greater residential mobility to occur on the 
escarpments and out of the mangal forests below (Allen and 
Barton 1989; Hiscock 1999). This contrasts with the pre-
vious phases where escarpment edges close to the area of 
the modern-day floodplains would have been more easily 
occupied during Sea Level Rise and Transgressive phases.

The statistical tests which compared elevation levels 
of sites by phases (Fig. 6) showed a significant (p < 0.05) 

Fig. 13  Land cover class area 
within 100 m of rock art sites as 
a percentage of total area, by an 
environmental period
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difference between their elevation distributions, suggesting 
that sites of higher elevation were preferentially selected dur-
ing Sea Level Rise and Transgressive phases. The pairwise 
comparison of groups shows that the elevation distribution 
of the NRF style was the only group that was statistically 
different from the other style’s elevation distributions. The 
pairwise comparison indicates that the differences between 
the elevation ranges of the four phases was entirely reliant 
on the NRF distribution’s presence in the Sea Level Rise and 
Transgressive phase and its absence from the Big Swamp 
and Freshwater phase. This suggests that the preferential 
selection of higher elevation sites during the Sea Level Rise 
and Transgressive phases may only apply to the NRF style. 
The other styles of the Sea Level Rise and Transgressive 
phases were not found to favour high elevation locations 
in this same way. The strong site selection preference for 
high elevation sites attributed to NRF style found in this 
study further supports previous research which reported a 
preference for NRF sites being located on escarpment tops 
(Wesley et al. 2017; Jones and May 2017). These results 
demonstrate that the distribution of topographically elevated 
sites is unlikely to be the result of better preservation, as the 
other artistic styles of the Sea Level Rise and Transgressive 
phases do not show similar elevation ranges to the NRF’s.

When we consider the total area of visibility calcu-
lated using the pre-transgressive elevation model for the 
Sea Level Rise and Transgressive phases (see Fig. 7, Sea 
Level Rise Pleistocene LS and Transgressive Pleistocene 
LS), this increase in visibility is significantly higher. Whilst 
this elevation model is highly generalised for the study 
area, it captures a model of the lowlands which underlies 
the contemporary floodplain. All morphological models of 
this region show that these areas were between 15 and 7 m 
lower than the contemporary surface elevation all the way 
across the floodplain (Kowlessar et al. 2023; Wasson 1992; 
Woodroffe et al. 1985; 1989). This relationship is difficult 
to explore further without more detailed models of the pre-
transgressive land surface and associated land cover units 
for these areas. However, the results of the visibility analysis 
do indicate that the areas calculated for these earlier phases 
using the contemporary elevation model underestimate the 
total area of land surface visible at the time of the rock art 
inscription.

Elevation and total area of visibility show little to no 
correlation. This indicates that sites being selected for their 
elevation may not be chosen to maximise the general view 
but may instead indicate a preference for specific views of 
areas or landscape features.

When the cumulative viewshed is considered, two very 
distinct patterns of visibility preference can be observed. 
Long-distance, north-facing views are associated with the 
Sea Level Rise and Transgressive phases, as opposed to 
views focused on the nearby floodplains on the east side 

of East Alligator River which are dominant during the Big 
Swamp and Freshwater phases (see Fig. 5). This may be 
interpretable within the context of the changing environ-
ments during this time. If the model of human displace-
ment associated with the post-glacial sea-level rise is to be 
followed, especially with river corridors as the major path, 
the GRLLA represents a significant location at the highest 
extent of the transgressive reaches along the significant East 
Alligator River. Coincidentally, the sandstone escarpment on 
the northern edge of the contemporary floodplains represents 
a modern-day boundary between clan estates (see Fig. 2).

During the Sea Level Rise and Transgressive phases, rock 
art inscription sites seem to have been selected in places 
where views of very distant landscape features were present. 
Such landscape features were most commonly the distant 
stone outcrops to the north, which cross the modern-day 
clan boundary and occur further seaward along the East 
Alligator River corridor. This site selection preferences may 
represent social complexity and possible conflict that has 
been associated with these phases (Blainey 1975: 90–91; 
Lewis 1988: 90; Taçon and Brockwell 1995: 121). Follow-
ing notions of sea-level rise driving inter-group conflict, the 
defensive advantage of views which cover long distances of 
the landscape from rock art sites may have played a signifi-
cant role in the site selection during this time. These views 
are especially associated with sites where the NRF style 
was inscribed. Long-distance landscape views may also be 
associated with more mobile nomadic life ways during the 
Pleistocene and early Holocene. The large stylistic bounda-
ries that have been observed in the art styles of these earlier 
periods suggest a much broader landscape use within a sin-
gle cultural group. Such views make broad use of landscape 
elements forming a sense of place at an inscription site as 
well as providing the possibility of additional navigational 
information and narrative context to associated information 
exchange. Conversely, more recent interpretations of the 
inscription of NRFs as part of a ritual behaviour occurring 
at aggregation sites may also account for this distinct change 
(Jones and May 2017). This interpretation would place such 
inscription sites at good interaction points with new groups, 
perhaps facilitating trade, exchange and developing relation-
ships of reciprocity via these ritual behaviours associated 
with the inscription of these figures. Choosing high points 
in the landscape with an extensive view of the East Alligator 
River (a broad and regionally significant landscape feature) 
may have played a significant role in the selection of places 
to conduct these complex ritual behaviours, including the 
inscription of NRF’s.

The period of social complexity and social reorganisation 
associated with sea level change may have stabilised by the Big 
Swamp phase where the visibility shifts focus to the closer areas 
to the east of the East Alligator River, a major mangrove habitat 
at this time (Kowlessar et al. 2023). Hunting strategies may 
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have also played a role in these changes in visibility focus, with 
vertebrates, such as macropods, representing significant por-
tions of the diet during the earlier phases, before a shift to man-
grove resources during the Big Swamp phase. This is especially 
true for the Freshwater phase where even more intensive focus 
on the directly adjacent floodplain can be seen in the cumula-
tive viewshed. During this period, floodplain and associated 
wetland resources such as fish and birds played a major role in 
subsistence strategies (Allen 1989; Chaloupka 1993; Clarkson 
et al. 2017, 2015; Schrire 1982; Shine et al. 2013, 2015, 2016; 
Wesley et al. 2017; Woo 2020).

Changes in the land cover class visibility, when consid-
ered as a percentage of the total visibility for each phase, 
allows further characterisation of the changing preference 
in view during these periods. Open woodland is a higher 
visibility preference within the older phases. As this is based 
on contemporary open woodland, this needs to be consid-
ered in association with the floodplains which are thought 
to have also been open woodlands during the older phases. 
This preference of view may reflect the resource availability 
associated with these areas, with vertebrates more dominant 
in older diets (Allen and Barton 1989; Clarkson et al. 2017, 
2015; Schrire 1982; Woo 2020). Such a visibility preference 
may not be purely utilitarian as a strategy for spotting ani-
mals, but may instead be associated with stories and teaching 
associated with hunting. This is especially significant when 
the context of art as a communication medium is considered. 
Similarly, this strongly suggests that the significance of spa-
tial context and sense of place contribute to the function of 
rock art as a medium of information exchange. Further, sty-
listic analysis of hunting and animal depictions may provide 
further insights into this visibility preference.

Similarly to open woodland, backswamps have higher 
visibility within the older phases. During these phases, back-
swamps were likely to be exposed sandstone escarpments 
and open woodland (Kowlessar et al. 2023). Floodplain vis-
ibility preference is greatest for the Freshwater phase, which 
again correlates to the period during which this was likely to 
be the area of the most significant resources. By further char-
acterising not just the styles and their spatial distributions 
but also their unique relationships to landscape perception, 
these results may further support modelling for site prospec-
tion in this important rock art province.

This research has focused on the presence or absence of 
a given style of art at each particular site within the dataset. 
This does not capture the number of motifs present of that 
style within each site nor does it capture microspatial char-
acteristics of the motif arrangements within a given site. 
These factors do not impact the landscape context interpreta-
tions we have presented; however, they do present a future 
opportunity to further characterise the relationship between 
rock art practices and landscape context within the GRLLA.

Conclusion

This study takes a unique approach to rock art analysis in 
Northern Australia by combining paleogeographic model-
ling with the geostatistical analysis of rock art site placement 
and visibility. This approach has found statistically significant 
relationships between distinct rock art styles and site elevation. 
The relationship between site elevation and total visibility was 
shown to have only a weak correlation with no significance 
found in total land surface visibility between rock art classes. 
This demonstrates a nuanced connection between site place-
ment and specific visible landscape contexts rather than overall 
visibility. This study has shown that when sites in the GRLLA 
are grouped by distinct chronological phases there are key 
changes over time in site selection based on what landscape 
is visible from the site of rock art inscriptions. As these key 
chronological phases of the rock art line up with known major 
changes in the local environment, this provides some important 
context to the economic and social changes occurring.

This shows a trend from a period of changing social com-
plexity, where high elevations with tactical views of clan 
boundaries were initially preferred before a transition to a more 
resource-focused distribution of site placement during the late 
Holocene. Through the use of spatial analysis, the impacts of 
the dramatic transgressive flooding and subsequent mangrove 
development have been demonstrated through the changing 
use of the sandstone escarpment representing changes to 
human mobility and relative population density associated 
with this loss of land. In this way, a more complete under-
standing and interpretation of rock art has been demonstrated 
to benefit significantly by the addition of geomorphology and 
environmental history data, to best understand the nuanced 
patterns observable within this assemblage.
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