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Abstract

Caves are rare in northeast Africa and, thus, deserve attention as potential geoheritage objects (geosites). Assessment
of Djara Cave and its vicinity (Western Desert, Egypt) has permitted to document unique features, such as the cave
itself as a peculiar subsurface landform, speleothems providing data for palaeoenvironmental reconstructions, rock art
demonstrating elements of past landscapes, siliceous nodules weathered from Eocene limestones and a network of dry
drainage channels indicative of wetter palaecoenvironments. These features are assigned to geomorphological, sedimen-
tological and palaeogeographical types of geoheritage. Djara Cave and its vicinity are proposed as a geosite of national
rank; it is vulnerable to anthropogenic stress and needs geoconservation measures and instalment of interpretative
signs. This geosite is already popular among tourists, and can be used for further tourism development. More general-
ly, the presence of caves in Egyptian desert areas makes possible the recognition of national speleological heritage that
requires special country-level strategies of management.
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1. Introduction

Caves are among the most popular objects of geo-
conservation and geotourism; relevant geoheritage
features have been reported from numerous coun-
tries (Paunovic, 1996; Urban, 2004; Miigge et al.,
2007; Garofano & Govoni, 2012; Lobo & Boggiani,
2013; Stephens et al., 2013; Wei et al., 2016; Ruban,

2018; Ballesteros et al., 2019; Lewis, 2019; Polukhi-
na et al., 2019; Woo et al., 2019; Sallam et al., 2020;
Cech et al., 2021). Such a popularity of caves can be
linked, on the one hand, to excellent public aware-
ness of such objects and their exceptional aesthetic
properties, and, on the other, to their vulnerability
to various types of damage. In northeast Africa and
Egypt in particular, caves are not numerous, and
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this rarity itself stresses their uniqueness (Brook et
al., 2002; Vermeersch et al., 2005; Classen et al., 2009;
Schmidt et al., 2015; Yousif et al., 2018; Kharbish
et al., 2020; Sallam et al., 2020; Ruban et al., 2021).
Caves are often related to water action and, as such,
they appear somewhat unexpected in a desert envi-
ronment. Moreover, geoarchaeological peculiarities
of these caves, including rock art, are essential for
our understanding of past societies and their inter-
action with palaeoenvironments.

Djara Cave in the Western Desert (Fig. 1) is one of
the best-known Egyptian caves on account of its spe-
leological and geoarchaeological features and, par-
ticularly, speleothems of spectacular shapes and iso-
topic records, as well as Prehistoric rock art (Brook
et al., 2002, 2003; Kindermann et al., 2006; Classen et
al., 2009; Embabi, 2018). Although it is realised how
unique this site is, a systematic geoheritage interpre-
tation of it is needed in order to gauge its full herit-
age value, present state and geoconservation needs.
New field investigations in Djara Cave and its vicin-
ity have now allowed comprehensive geoheritage
assessment, the results of which are summarised in
the present paper. The main objective is to demon-
strate the importance of this cave as a constituent of
Egyptian geoheritage, as well as to stress its com-
plexity and uniqueness beyond the cave itself.

2. Geological setting

The study area corresponds to the Djara Depres-
sion, which is situated on the Egyptian Limestone
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Plateau (Fig. 1), being halfway between Asyut in
the Nile Valley and the Farafra Oasis in the West-
ern Desert. The area hosts hilltops, flat depressions,
playa deposits, hamadas, dry drainage channels
and sand dunes, which formed under hyper-arid
conditions with short relatively wet phases during
the late Quaternary (Kindermann et al., 2006). Djara
Cave is located in the centre of the depression, with
a narrow entrance on a gentle slope.

The study area is dominated by Eocene marine
limestones which dip at very low angles to the
northeast; sand dunes are typical to the eastern part
of the area. The local geology is rather monotonous
and characteristic to the Egyptian Limestone Pla-
teau. The limestones formed on a wide shelf of the
north African passive margin of the eastern Medi-
terranean; the sea regressed during the Oligocene
and terrestrial conditions with uplifts and erosion
prevailed later (Golonka, 2004; Guiraud et al., 2005;
Said, 2017). Hyper-aridity and wind erosion have
become typical since the Pleistocene (Brookes, 2001,
2003; Brook, 2003; Kindermann et al., 2006). Djara
Cave illustrates the outcome of karst processes that
accelerated during wet phases.

The Djara Depression is famous for its archaeo-
logical record, the development of which is strong-
ly linked to Holocene climate variability (Gehlen et
al., 2002; Kindermann et al., 2006). Several dozens
of sites and a huge number of artefacts have been
recorded; these are linked chiefly to human occupa-
tion of the study area during the Holocene humid
optimum, and, particularly, to the period between
6,400 to 5,300 cal yr BC. Djara Cave itself is an im-
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Fig. 1. Geographical location of the
Djara Cave (source of the base sat-
ellite images: Google Earth Engine).
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portant archaeological site boasting rock art, as well
as lithic artefacts and pottery (Kindermann et al.,
2006; Classen et al., 2009; Embabi, 2018).

3. Methodology

The basic principles of geoheritage assessment have
been explained by Prosser et al. (2006), Ruban (2010),
Strba et al. (2015), Brilha (2016) and Reynard & Bril-
ha (2018), among others. Nevetheless, the proposed
approaches are case sensitive, and need to take
into account the specific features of the unique ob-
jects characterised and peculiarities of the countries
where these objects are found (e.g., Mikhailenko
et al., 2021; Ruban et al., 2021). In the present note,
the methodology proposed for and tested in other
Egyptian caves, namely Sannur Cave (Sallam et al.,
2020), is generally followed, with certain justifica-
tion. The present study combines descriptive and
qualitative approaches, which is typical of pioneer-
ing reports of new geoheritage objects. The quantita-
tive approaches proposed earlier (e.g., Brilha, 2016;
Warowna et al., 2016) are very useful conceptually
and methodologically, but these are often justified
to experience gained across Europe, and their appli-
cation to Egypt and many other countries would be
challenging. Moreover, such approaches suit territo-
rial geoheritage assessment better, which is beyond
the scope of the present study, which is based on the
field investigations at Djara Cave and its vicinity.
All notable geomorphological, geological and
geoarchaeological features were identified and
documented for further geoheritage interpretation.
Existing literature (Brook et al., 2002, 2003; Kinder-
mann et al., 2006; Classen et al., 2009; Embabi, 2018)
is also summarised and taken into account. Our
study has required the construction of digital eleva-

Djara Cave

tion models for better representation of the terrain
where Djara Cave is situated. For this purpose, the
Advanced Spaceborne Thermal Emission and Re-
flection Radiometer (ASTER) and Global Digital Ele-
vation Model (GDEM) were acquired as 1 scene/tile
(N27_E029_larc_v3) (source: https:/ /earthexplorer.
usgs.gov/). These data were pre-processed in Arc-
GIS 10.7 software for mosaic to one scene and re-pro-
jected to match the geographical co-ordinate system
(UTM co-ordinate system - Datum: WGS 1984, Zone
36 North) for Integrity with the Landsat 8 OLI Scene.

The main part of the present study is geoheritage
interpretation. First, all geomorphological, geological
and geoarchaeological features identified are attrib-
uted to standard geoheritage types, according to the
nomenclature proposed by Ruban (2010, 2020). Sec-
ondly, the uniqueness (heritage value) of these fea-
tures is established; it can be local (area-restricted),
regional (province-level), national (country-scale) or
global (world rarity) (Ruban, 2010). Indeed, some fea-
tures may be judged as ordinary (not unique), and,
thus, these need to be excluded from the geoheritage
of the study area. Thirdly, the locality is proposed
as a geosite, the rank of which is determined by the
uniqueness of the most valued (dominant) feature(s).
Its accessibility, complexity to comprehension and
present state (particularly, anthropogenic stress) are
also addressed. Considerations of all of these require
proper argumentation based on two kinds of reason-
ing, namely a comprehensive treatment of local geol-
ogy and a comparison of the geoheritage of the study
area to other areas in Egypt.

4. Results

The study area possesses potential geoheritage
features, namely Djara Cave, fields and rings of

Fig. 2. Djara Cave: a - Longitudinal profile; b - Cave sign; ¢ - Cave entrance; d-f - Various speleothems (all scale bars

=10 cm).
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weathered siliceous nodules, surface artefacts and
dry drainage channels. These features are described
and interpreted below.

Djara Cave has a narrow entrance at an absolute
elevation of 194 m (Fig. 2a-c), which is close to av-
erage altitudes locally, as based on digital elevation
models. Its setting was characterised by Classen et
al. (2009). The cave is elongated, its length being
~50 m, and its depth does not exceed 13 m. The
cave profile is rather simple (Fig. 2a). Speleothems
are fairly diverse and include both stalactites and
stalagmites, some of which are inclined (Fig. 2d-f).
In the so-called ‘Large Hall’, which is the main,
sub-horizonthal chamber, stalactites predomintate
and the cave floor is covered by several metres of
sand. The cave resulted from karstification of Eo-
cene limestones during wetter conditions of Pleis-
tocene interglacial periods (or even earlier). The
U-series ages for speleothems range between 283 ka
and 140 ka, and not one speleothem is younger than
Pleistocene (Brook et al., 2002, 2003). The cave is fa-
mous for its rock art, with more than 100 engraved
and/or pecked figures (Classen et al., 2009). These
differ with regard to techniques used, in that some
are more simplistic than others (Fig. 3a, b). There
are figures of unrecognised cloven-hoofed animals,
gazelles, antelopes, oryxes and ostriches, as well as
humans. The rock art represents the past wildlife of
the study area and its “interaction” with early set-
tlers in the Djara Depression during the Holocene
climate optimum. At Djara Cave artefacts are rare
(Classen et al., 2009).

This information allows to attribute Djara Cave
to several geoheritage types, namely geomor-
phological (cave and speleothems as subsurface
landforms), sedimentological (cave sand layers as
highly specific deposit) and palaeogeographical
(speleothems as archives of Pleistocene climate;

Brook et al., 2002, 2003) and rock art reflecting for-
mer human-environment interaction. Two addi-
tional remarks are called for. First, attribution of
rock art to the palaeogeographical type of geoher-
itage corresponds to the understanding of this type
by Bruno et al. (2014). Secondly, the hydro(geo)
logical type cannot be established because hy-
per-arid conditions prohibit cave development via
meteoric water in modern times. The uniqueness
of the above-mentioned features differs. Caves are
numerous across the globe, but are rare in Egypt
(Brook et al., 2002; Vermeersch et al., 2005; Classen
et al., 2009; Schmidt et al., 2015; Yousif et al., 2018;
Kharbish et al., 2020; Sallam et al., 2020; Ruban et
al., 2021). This means that its geomorphological fea-
tures are of national geoheritage, in spite of the very
moderate size of this cave. Cave rock art is rare on
the country scale (Classen et al., 2009). However,
the relative abundance of rock art in Egypt (Brét-
nont, 2018; Polkowski, 2018; AbdelMaksoud et al.,
2020) needs to be taken into account. Apparently,
this decreases the uniqueness of Djara Cave rock
art. As far as speleothems are concerned, these rank
among the numerous archives of Pleistocene envi-
ronments in the Western Desert (e.g., Brook et al.,
2003; Kieniewicz & Smith, 2007; Wanas & Arment-
eros, 2019), and their uniqueness is restricted. These
lines of evidence imply that the heritage value of
the palaeogeographical features is regional. Finally,
sand is a deposit that is expected in an open, shal-
low and sub-horizonthal cave. This feature is not
peculiar (Classen et al., 2009), and only the paucity
of cave deposits in general permits to classify this as
local geoheritage.

A notable feature found near Djara Cave com-
prises fields of siliceous nodules that at times look
like rings (Fig. 4a, b). The nodules differ in shape,
but often are spheroidal and polished (even erod-

Fig. 3. Rock art in the Djara Cave: a - Simple (‘primitive’) gazelle drawing on the rock; b - Advanced drawing of gazelle

with more details (all scale bars = 10 cm).
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ed) by wind-blown sand; some exhibit rhythmical-
ly spaced bands that reflect growth stages (Fig. 4c).
These nodules are fully or partly weathered from
Eocene limestones. Formation of these nodules is
linked to diagenetic processes, and their weather-
ing results from the greater resistivity in compari-
son to the bedrock. These fields of siliceous nodules
constitute a feature that can be assigned to the sedi-
mentary type of geoheritage. The wide distribution
of these nodules in the Western Desert and beyond
(Shaaban, 2004) implies that this feature is of local
uniqueness only.

Numerous artefacts have been found in the Dja-
ra Depression (Gehlen et al., 2002; Kindermann et
al., 2006), and, particularly, near the cave. For in-
stance, there are various lithic tools and pottery
sherds (Fig. 4d), providing evidence of prehistoric
land use of the study area, which can be interpreted
in terms of regional climate change (Kindermann
et al., 2006). Apparently, the Holocene humid op-
timum made this area suitable for non-sedentary
human occupation. This evidence is, thus, palaeo-
geographically important and the artefacts noted
can be assigned tentatively to the palaeogeograph-
ical type of geoheritage (sensu Bruno et al., 2014).
However, the value of this feature is only local, and
the evidence sheds light onto local mid-Holocene
landscape exclusively.

Finally, a network of dry drainage channels
should be noted. This is well visible on satellite
images, and its presence is substantiated by high-
er-resolution digital elevation models. This net-
work formed during Quaternary wet phases when
rainwater discharged to local topographic lows,
one of which was the Djara Depression (Kinder-
mann et al., 2006). These features can be assigned
to both geomorphological and palaeogeographical
types of geoheritage. The wide distribution of such
networks of dry drainage channels in desert areas
of Egypt signifies that this feature is only local in
value.

The presence of notable features with geoherit-
age value in the study area (Table 1) leads us to a ge-
osite proposal. Undoubtedly, Djara Cave itself is the
main geoheritage element, which matches the ear-
lier notion of Embabi (2018). Although the heritage
value of the cave vicinity is limited (Table 1), the rel-
evant features are fairly diverse and abundant and
contribute to our understanding of the geoheritage
integrity of the Djara Depression. Consequently, it
makes sense to propose the Djara geosite to include
the cave and its vicinity. Provisionally, this can be
delineated as a circle (radius 3 km) with the cave in
the centre. Such a large area is required to represent
features reported from the surface near the cave, in-
cluding part of the network of dry drainage chan-

Fig. 4. Notable features in the vicinity of the Djara Cave: a, b - Siliceous nodules; ¢ - Rhythmically-spaced bands of

nodules; d - Potsherds (all scale bars = 10 cm).
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Table 1. Geoheritage constituents in the study area.

Geoheritage types and Uniqueness
subtypes Djara Cave Cave vicinities
Geomorphological National Local
Sedimentological Local Local
Palaeogeographical
- palaeoenvironmental Local Local
- geoarchaeological Regional Local

nels, which is situated at a distance of ~1-2 km from
the cave. The rank of the proposed geosite is nation-
al, to reflect the value of the dominant geomorpho-
logical type (Table 1). Evidently, this geosite is also a
geomorphosite (sensu Panizza, 2001; Reynard et al.,
2011, 2016). The accessibility to this geosite is mixed.
On the one hand, it is located in the central part of
the Western Desert and quite distant from populat-
ed places. Visitors first need to reach Bahariya Oasis,
which lies ~200 km to the north of Djara Cave, and
then make their way to the cave via unpaved roads.
On the other, the locality itself is easily studied, and
visits of the cave do not require special equipment
or serious safety precautions. Comprehension of
this proposed geosite is challenging. Special inter-
pretations are called for so as to explain its origin in
the modern desert and its relevance to documenta-
tion of wetter palaeoenvironments, to reveal the na-
ture of siliceous nodules and to pay attention to cave
rock art. The last-named feature is not easily visible
(Fig. 4) and requires professional deciphering (Clas-
sen et al., 2009). However, this complexity does not
lower the geosite rank. The cave remains in a fairly
stable state at present, but anthropogenic stress is
inevitable, and can be linked to occasional damage
of speleothems and rock art, uncontrolled collection
of artefacts and waste dumping by visitors. In spite
of its remote location, Djara Cave is visited fairly ac-
tively by tourists, and absence of protection status
and unlimited access make it highly vulnerable to
anthropogenic stress. Its present state can be judged
to be stable, but in risk.

5. Discussion

Geoheritage constitutes an important natural (ge-
ological) resource, which can be exploited for the
purposes of science, education and tourism (Ehsan
et al., 2013; Brilha, 2016; Bétard et al., 2017; Brilha et
al., 2018; Santangelo & Valente, 2020). The utility of
the proposed Djara geosite can be analysed in the
light of available information. The scientific com-
munity is relatively well aware of this locality and
its geological, geomorphological and geoarchaeo-
logical peculiarities, which have been studied fairly
regularly (Brook etal., 2002, 2003; Kindermann et al.,
2006; Classen et al., 2009; Embabi, 2018). Although
speleothem-based palaeoenvironmental interpreta-
tions and rock art deciphering have been completed
successfully, Djara Cave remains a reference point
for relevant ongoing studies in the Western Desert.
Education utility is low due to the remoteness, com-
plexity, absence of interpretative signs, and restrict-
ed diversity of the locality. The tourism utility of
Djara Cave is moderate in that this geosite is too
remote from popular tourist destinations in Egypt
and lacks tourism infrastructure. Its aesthetic prop-
erties are evident and linked to the spectacular cave
speleothems. However, with regard to the entity of
parameters for tourist judgements of beauty (Kirill-
ova et al., 2014), the relatively small size of the cave,
restricted diversity of unique features and limited
visibility of rock art (Fig. 2) have a negative impact
on the aesthetic value of the cave. Djara Cave is ac-
tively visited by tourists already and even promot-
ed as a unique tourist attraction in Egypt (Table 2).
Apparently, the proposed geosite can attract both
trained geotourists interested in the rich geoherit-
age of the Western Desert, including the Bahariya
and Farafra oases and some other localities (Plyus-
nina et al., 2016), and many other tourists, including
adventure tourists, interested in the wild nature of
the Sahara. The premises for exploitation of Dja-
ra-related geoheritage are summarised in Table 3.

Table 2. Selected tourism-related information about the Djara Cave available on-line.

Type of information Focus

URL

Tour program
Desert with a short cave visit
Travelogue
ing the cave
Tourism web-portal

Tourism firm note ~ Cave description

Four-days tour to the Western https://www.westerndeserttours.com/tours-services/djara-
cave-4-days/

Individual experience of visit- https:/ /www.amcham.org.eg/publications/business-month-
ly/issues/ 272/ August-2018 /3763 / the-road-to-djara-cave
Opportunities to visit the cave https://www.privatetoursinegypt.com/Djara-cave-attrac-
tion56

https:/ /www.desertegyptsafari.com/egypt-western-desert-

djara-cave/

Tourism firm note ~ Cave description
Tourism firm note

nities to visit the cave

https:/ /www.etltravel.com/ farafra-oasis/ djara-cave-egypt/

Cave description and opportu- https://www.cairotoptours.com/Egypt-Travel-Guide/Oases-
of-Egypt/Gara-Cave
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Table 3. Exploitation potential of the proposed Djara ge-
osite.

Issue Explanation
Geoconservation

Requiring designation as a
protected site

Unlimited access

Official status

Control of cave access

Geoscience
Awareness of scientific Moderate, international
community
Regularity of scientific Moderate, several studies
assessment published

Geoeducation
Diversity of phenomena  Low-to-moderate (see
Table 1)

Simplicity /complexity of = Requiring professional
phenomena interpretation
Information signs, panels, Too few
etc.

Geotourism
Awareness of tourists Low-to-moderate
Potential for occasional Moderate
(geo)tourists
Aesthetic value Moderate

Tourism-related infra-
structure
Geopark creation potential Absent due to restricted
geoheritage diversity
Tourism significance of the Low-to-moderate
region
Distance for highly-de-
manded destinations
Possibility for integration
with the other tourism
programs and initiatives
Risks

Requiring construction

Significant

Significant (general tours
and geotours to the West-
ern Desert)

Occasional damage of cave
and its rock art

Other attractions Archaeological

Djara Cave can be compared to Sannur Cave
near Beni Suef in Egypt that has been studied com-
prehensively by Sallam et al. (2020). Although both
caves are essentially similar objects, many differ-
ences between them can be established. In particu-
lar, Sannur Cave boasts a higher-rank (global), wid-
er diversity of heritage features, significant heritage
value of features outside the cave, better accessibil-
ity, higher aesthetic properties and an established
protection status with access limitations. Geopark
creation is recommended for Sannur Cave, whereas
geosite status would appear to be sufficient for Dja-
ra Cave. With regard to the differences listed, these
two objects do not compete with one another for
geoconservation and geotourism attention. None-
theless, the presence of these and a few other caves
on the territory of Egypt (see Table 3 in Sallam et

al., 2020), as well as their utility (especially for the
purpose of country-scale tourist growth and diver-
sification) require recognition of a special category
of geoheritage, namely speleological heritage (sen-
su Lobo & Moretti, 2009; Brandi et al., 2019; Antic
et al., 2020) on a national level. This would permit
to plan and implement strategies of effective con-
servation of Djara and Sannur caves, and others, in
Egypt.

As far as observations made in the study area
are concerned, three urgent practical recommenda-
tions can be listed for the Djara geosite proposed.
First, official protection status should be assigned to
the geosite or to Djara Cave. Secondly, uncontrolled
visits of the cave should be limited, and thirdly, in-
terpretative signs/panels explaining local geology,
geomorphology and geoarchaeology need to be in-
stalled. Undoubtedly, promotion of this attraction
by tourist firms (Table 2) deserves appreciation, but
these firms need to be aware of the full heritage val-
ue of this locality and its vulnerability to anthropo-
genic stress. The relevant information needs to be
distributed among these firms by state officials.

6. Conclusions

Our assessment of the geoheritage of Djara Cave
and its vicinity allows drawing three general con-
clusions:

- the geoheritage of the study area includes geo-

morphological, sedimentological and palaeo-

geographical features, and is linked to archaeo-
logical heritage;

the proposed geosite that includes Djara Cave

and nearby surface features is of national rank,

and is useful for science, education and especial-
ly tourist purposes;

- the proposed geosite needs official status and
geoconservation measures in view of its vul-
nerability to anthropogenic stress and demands
professional interpretation of its unique features.
In more general terms, the present study con-

tributes to our knowledge of valuable geological

resources of the Western Desert of Egypt, namely
geoheritage. Exploitation of these resources can
facilitate local sustainable development through
scientific investigations, educational programmes,
growth of tourism and diversification of remote de-
sert areas in Egypt. The relevant initiatives lead to
accumulation of intellectual capital, infrastructural
development, additional income to local communi-
ties, careful nature management and effective place
branding. Further investigations should aim at geo-
heritage identification and assessment in the entire
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Western Desert in order to continue exploration of
the resources noted and to determine the most suit-
able approaches to its exploitation.
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