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ABSTRACT
Archaeological and cultural heritage of Egypt isrieknown, but its geological

heritage is yet to be revealed. Investigationhéndentral Western Desert of Egypt permitted
finding a lot of unique features that can be assigto this heritage. In the Bahariya Oasis,
10 geological heritage types are established, nansélatigraphical, paleontological,
sedimentary, igneous, mineralogical, economicaleqmeographical, geomorphological,
hydrological and hydrogeological, and pedologigaks. In the Farafra Oasis and vicinities,
only geomorphological and hydrological and hydrdggeal types are found. On the area
between these oases, sedimentary, mineralogidalpgeographical, and geomorphological

features are established. Chalk and nummulitic dbores, invertebrate and dinosaur
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localities, paleoreefs and paleokarst, iron oreod#pand peculiar landforms occur on the
study territory. Taken together, these featurestitute a highly diverse geological heritage
that can be judged global (even if the rank ofvidiial objects is often relatively low). This

heritage is well suitable for the purpose of gedsmn; for instance, thematic excursions
explaining the geological evolution during the 1280 Ma are possible. Participants of such
excursions can also see different facies. A geopatke central Western Desert of Egypt

would facilitate geoconservation and geotourisnivaes.

Keywords: Geological heritage; Geotourism; Geomorphologgpé&l Cretaceous; Cenozoic;

Western Desert; Egypt.

1. Introduction

Geological heritage has attracted a lot of attensimce the beginning of the 1990s.
Its inventory deems essential for conservation ¢gaservation) and use for the purposes of
tourism development (geotourism) (Wimbledon, 199699; Wimbledon et al., 1998;
Prosser et al., 2006, 2011; Gray, 2008, 2013; Dwvénd Newsome, 2010; Ruban, 2010;
Ruban and Kuo, 2010; Dowling, 2011; Henriques et2011; Hose and Vasiljayi 2012;
Wimbledon and Smith-Meyer, 2012; Erikstad, 2013y9Ber, 2013; Bradbury, 2014; Ruban,
2015). Although most research is concentrated o) geological heritage of other parts
of the world is of equal importance. For examplenkiues et al. (2013), Enniouar et al.
(2014), Zangmo Tefogoum et al. (2014), Errami et(2015), and Henriques and Neto
(2015) have shown its unprecedented richness iitaAfGeological heritage of Egypt is of
special interest because of three reasons. Himstdiversity of geological features known
from this country and the complex nature of itslggizal evolution (Issawi, 2002, 2005;

Guiraud et al., 2005; Tawadros et al., 2006; Issawal., 2009; Tawadros, 2011) make it
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very promising for inventory, conservation, andrism use. Second, geological research in
Egypt has been intense for many decades, and thiéalale information is rigorously
systematized. For instance, stratotypes of manysuare sufficiently established and
described (e.g., El Kelani et al., 2003) makingntheeady to be evaluated as geological
heritage sites. Third, the cultural heritage of ggle.g., pyramids) is well-known, and it is
clear how effictively cultural heritage facilitatebe promotion and tourism utility of
geological heritage (Migon, 2009; Last et al., 20880 et al., 2013; Gontareva et al., 2015;
Moroni et al., 2015).

Unfortunately, very few sites have been declaregaats of the geological heritage of
Egypt. One example is Wadi Al-Hitan ("Whale VallgyWwhich is located in the Fayium
Depression (~90 km southwest of Cairo). It is ideld in the list of the UNESCO World
Heritage Sites (see on-line at http://whc.unesgdeorlist/1186). Some geological heritage
sites along the Mediterranean coast of Egypt aserdeed by El-Asmar et al. (2012). In the
present paper, we attempt to fill the noted gapldAinvestigations in the central Western
Desert of Egypt and, particularly, in the Bahargyal Farafra oases permitted the recognition
of numerous unique features that when taken togethe account for an important

geological heritage. Their characteristics aregmesd in this paper.

2. Geologic setting

The Bahariya and Farafra depressions lie on theindw®ahariya-Port Said arch
(Issawi et al., 2009). The Bahariya Oasis is latatethe central part of the Western Desert
of Egypt (between 248-2830' N and 2%85'-2910' E) (Fig. 1). It is oval in shape
stretching NE-SW by ~94 km (the width of the depias is ~42 km). The Bahariya Oasis
was a subject of many geological studies aimedrattsiral geology, stratigraphy, iron ore

deposits, sedimentology, paleontology, geoarchggoletc. (Ball and Beadnell, 1903;
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Stromer 1914, 1936; Lebling, 1919; Weiler, 1935:Akkad and Issawi, 1963; Said and
Issawi, 1964; Soliman et al., 1970; Slaughter andrihond, 1974; Khalifa, 1977; El Aref et
al., 2006; Catuneanu et al., 2006; Khalifa and @ednu, 2008; Tanner and Khalifa, 2010;
Salama et al., 2012, 2013, 2014; Afify et al., 2001%). The Bahariya Formation
(Cenomanian), which is composed of ferruginous stomes and shales, outcrops on the
bottom of the depression. The siliciclastic bedthefBahariya Formation are weathered into
black conical-like hills, mesas, and buttes. Thechklconical hills, which are distributed on
the southern part of the Bahariya Depression, amvk as “the Black Desert”. Most of
these hills are capped by basalt sills, giving thencharacteristic black color. The
Campanian, Maastrichtian, and lower Eocene rocksrop on the flanks of the Bahariya
Depression; the Paleocene is totally missing tl{ls®sawi, 2009) (Fig. 1). The Bahariya
depression superposes the Bahariya anticline ttedtises from Gebel Ghorabi in the north,
passing through the central hills of the depressmihe southern part of the oasis, and
extends southward to include the Farafra Oasis.

The Farafra Oasis is located ~140 km southwedteBahariya Oasis in the central
part of the Western Desert (betweei4Z%-2740' N and 2700'-2850' E) (Fig. 1). Similarly
to the Bahariya Oasis, the Farafra Oasis occupies/al-shaped depression with an area of
~10,000 krf. On the bottom of the Farafra Depression, the zaBhale (Maastrichtian) is
outcropped, and it is intertonguing laterally intee Maastrichtian Khoman Chalk in the
central and northern parts of the oasis (Hermi®®01 Issawi et al., 2009). The Farafra
Depression is surrounded by high escarpments,tarabitom rises gradually to the general
level of the surrounding desert southwards (Beddb@01; Said, 1962; Issawi et al., 2009).
The scarps of the Farafra Depression are compdstw darawan Formation (Paleocene)
overlain by the Esna Shale (Paleocene-lower Eocend)the Farafra Limestones (lower

Eocene) (Issawi et al., 2009; Orabi and Zaky, 20T6g eastern part of the depression is
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covered by sand sheets, and the depression is édundthe west by the Great Sand Sea
(Fig. 1). The Farafra Depression forms a dome &trac which represents the southern

extension of the Syrian Arc System (Omara et &70). Its axis stretches in the NE-SW

direction.

Since the beginning of the Late Cretaceous, thdugwn the Bahariya-Farafra
platform was influenced greatly by eustatic flu¢toilas and the tectonic activity along the
Syrian Arc fold system (Aram, 1990; El Emam et 4B90; Sehim, 1993; Moustafa et al.,
2003). During the Cenomanian, the Bahariya-Farpfedform was located on a passive
continental margin (El Emam et al., 1990). This Wa®wed by a phase of tectonic folding
(Said, 1962). Throughout the Turonian-Santonia@ nbrthern part was tectonically uplifted,
while the southern part was subsiding (El Emaml.etl890). Folding took place later, and
the anticline became even more pronounced (Seh93;1Moustafa et al.,, 2003). In the
Maastrichtian, the western and southern partseBidhariya Oasis and the northern part of
the Farafra Oasis were covered by sea (El Emanh,et®0). During the Paleocene, the
Bahariya structure was uplifted to become an island the Tarawan chalky limestones and
the overlying Esna Shale were deposited on thedrdee present-day Farafra Oasis (Issawi
et al., 2009). In the early Eocene, the whole tiayi submerged (Said and Issawi, 1964;
Issawi et al., 2009). The last phase of the Eoaspmsition took place in the Bartonian-
Priabonian, when thick-bedded mollusc-rich siliagtic-carbonate sediments of the Hamra
Formation were deposited (Said and Issawi, 1965ws et al., 2009). Seaward shoreline
shift continued in the Oligocene, and many rivestegns were developed: a fluviatile cross-
bedded sandstone and grit sediments were accumytae Radwan Formation) (Said and
Issawi, 1964). Later, extensive volcanic eruptightandisha’s basalt) and hydrothermal
activity took place on the study territory (Meneiapd El Kalioubi, 1975; EI-Etr and

Moustafa, 1978; Morsy, 1987; Meneisy, 1990; El Aetal., 1999).
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The formation of the many oases in the Western iDéseelated to the thickness of
the hard limestones above the clastic beds andtalsioe level of the underground water
table. Geological structure is very important ie fliormation of depressions. In all known
oases in the Western Desert, the successions enoblatively thin limestones above a thick
succession of clastics. An uplift of the area oé tBahariya double-plunging anticline
"cracked" the thin limestone, and wind deflatiorugled with rainfall completed "hewing"
of the clastics beneath the limestone. Erosionicoetl to the level of the underground
water. The same occurred with the Farafra Oasighnis located on a high basement arch
known as the Uweinat-Bahariya-Port Said Arch (I3s@&009), where sediments are thin

above the basement complex.

3. Methods

The geological heritage of the central Western ResieEgypt was established on
three areas, namely the Bahariya Oasis, the Faf@ésis and vicinities, and the area
between the noted oases (chiefly along the roademiimg these oases). Field investigations
(by the second author) supported by the analysiditefature sources permitted the
delineation of unique geological features. Numerphetos of the latter were taken. The
uniqueness of each feature is determined by iy i@, in contrast, very typical appearance
that can be established on the local, regionalpmalt or global scale. All heritage objects
can be further employed for scientific, educatio@ad tourism purposes. This information
permits the delineation of the geological heritaggificance of the above-mentioned three
areas (each taken entirely). It was not necessargntphasize on particular geological
heritage sites (geosites) within these areas, Isecatl three reasons: 1) these areas are
relatively small in size, 2) some features occugrge areas and intersect spatially with one

another, and 3) the "density" of unique featuresufficient in all areas. It is better to
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consider each area as a large geosite.

The analysis of the geological heritage requirsfirtition of unique features by their
essence. For this purpose, various classificat{gvisnbledon et al., 1998; Prosser et al.,
2006; Ruban, 2010; Ruban and Kuo, 2010; Bradbuimgl.e2014) have been proposed. In
this work, the classification proposed by Rubanl(®and Ruban and Kuo (2010) is used. It
necessitates the presence of about two dozenpes tyf geological features (stratigraphical,
paleontological, sedimentary, igneous, metamorphigjineralogical, economical,
geochemical, seismical, structural, paleogeograbhic cosmogenic, geothermal,
geocryological, geomorphological, hydrological andydrogeological, engineering,
radiogeological, neotectonical, pedological, andhggtorical). Ruban (2010) underlined that
many geosites are essentially complex with mangdygm-occurring in each given object.
For instance, in an outcrop of sedimentary rockst only sedimentary, but also
stratigraphical, mineralogical, paleogeographiaatj, probably, paleontological features can
be identified. To solve this problem, Ruban (20B0ggested to pay attention to the
dominant types that determine the uniqueness ofgargn object. It should be also added
that the types may differ by their rank in a givggosite or on a given area (local, regional,
national, or global) (Ruban, 2010). For the thresas of the study territory, the dominant

geological heritage types were established, andatliewas assigned to them tentatively.

4. Results
4.1. Bahariya Oasis

In the Bahariya Oasis, numerous peculiar geolodeatures were established (Fig.
2). These belong to 10 dominant geological heritgges (Table 1), and some representative
examples are given below.

Stratigraphical type. Gebel El Dist (Fig. 2a) exhibits a section of thahBriya
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Formation (Cenomanian, Upper Cretaceous) and thgb N@rmation (Ypresian, lower
Eocene) that can be used for the stratigraphicateledion purposes. An angular
unconformity between these formations is well ¥esi@Fig. 2h, i). This is an important, but
"ordinary" stratigraphical section, and, therefdahes is a kind of local geological heritage.

Paleontological type. The same Gebel El Dist (Fig. 2a) is a famousilfdssality,
from which Cretaceous and Eocene bivalves, s#éidifivood, leaf imprints, remains of
sharks, and bones of dinosaurs were reported @adllBeadnell, 1903; Stromer, 1914; Said,
1962; El Akkad and Issawi, 1963; Smith et al., 20dhweitzer et al., 2003). With regard to
the noted paleobiodiversity, this can be judgeda®nal geological heritage.

Sedimentary type. The snow-white nummulitic chalky limestones ok tQazzun
Formation (Ypresian, lower Eocene) reported fronesa places, including Gebel El Gar El
Hamra (Fig. 2l), are of special interest becaush sacks are rare in the geological record.
Of course, the Bahariya Oasis is not the only placebserve them, and the rank of this
feature is regional at maximum.

Igneous type. Although the geology of the Bahariya Depressisrdominated by
sedimentary rocks, some magmatic (volcanic) foromstiare also known there. The so-
called "Mandisha's basalt" (Oligocene) is represgriiy a combination of columnar and
pillow-like basalts that comprise a sill that caesne hills nowadays (Fig. 2d, e). The noted
lava structures are well-known, but their very tgbiappearance is established in this oasis,
where outcrops are also large and well accessiliies implies a national rank of this
geological heritage type.

Mineralogical type. Iron minerals are known from the Bahariya oabig.(2r). The
relevant minerals are represented mainly by gasthgmatite, and siderite with manganese
oxides intercalations (Said and Issawi, 1964; Salatmal., 2012, 2013; Afify et al., 2015 a,

b; Baioumy et al., 2014, Baioumy, 2015). This ldrad of local geological heritage.
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Economical type. Iron ore is mined directly in the oasis (Fig.,2which is an
important mining site in Egypt. The iron ore liessthe basal part of the Nagb Formation
(Ypresian, lower Eocene) replacing carbonates.drlgen of the Bahariya iron ore has been
discussed by several workers since the early wdrlBal and Beadnell (1903) who
considered the iron ore as Oligocene lacustrineslep Gheith (1955) suggested that the
origin of the Bahariya iron ore is due to replacatngrocesses in the post-Eocene time.
Nakhla (1961) attributed the iron ore of the Ghorame to metasomatic replacement of the
lower Eocene carbonates, whereas El Shazly (196R®)egd that the ore was formed as a
primary sedimentary deposit in lagoons during Bteene-Oligocene times. El Akkad and
Issawi (1963) attributed the origin of the iron doethe replacement of the carbonate rocks
after their direct deposition in shallow depressiam early-middle Eocene. Said and Issawi
(1964) suggested that the ore is of diageneticirorighey believed that the iron ore was
deposited together with the early Eocene Nagb ceates. The small basins, where this
deposition took place, were converted into shallagoons during the gradual regression. In
these lagoons, iron minerals concentrated duedchirg of the ferruginous layers of the
Bahariya high (Said and Issawi, 1964). Irrespect¥avhat point of view is correct, the
disputed origin of this mineral deposit (Ball anddginell, 1903; Alling, 1947; Gheith, 1955,
1959; Nakhla, 1961; El Shazly, 1962; El Akkad asshivi, 1963; Said and Issawi, 1964; El
Bassyouny, 2004; Salama et al., 2012, 2013; Afifjale 2015a, b; Baioumy et al., 2014,
Baioumy, 2015) makes it very interesting. The rahthis heritage feature is regional.

Paleogeographical type. Different facies are known from this area. Prdpakhe
most interesting amongst them is linked to the gralefs of the Hamra Formation (Lutetian-
Priabonian) (Fig. 2m-j). These carbonate buildupsrew produced by bivalves and
gastropods, communities of which flourished on $sea bottom (Said and Issawi, 1964;

Issawi et al., 2009). The reefal constructionsiaipard, i.e., concentrically toward the center
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of the structure with angles of 40and form saucer-like structures. It appears thah
paleoreefs are rare on the global scale, and,ftrereglobal rank should be assigned to this
type of the geological heritage.

Geomorphological type. A lot of peculiar landforms occur in the Bahariyasis. The
most interesting are black conical hills in the thowf the oasis (Fig. 2f), ball-like
concretions (average diameter 50-60 cm) of hardesilis dolomitic limestones (so-called
"melon fields") (Fig. 2j, k), and spectacular sasuhes (Fig. 2t, u). These forms are so
unusual and impressive that their rank should dggd as national (at least) or global (most
probably).

Hydrological and hydrogeological type. Thermal mineral springs are known in the
oasis, and these are used already for the purpbsesreation and spa therapy (Fig. 2v). The
rank of these heritage objects is local.

Pedological type. Middle-late Eocene paleosols have been found elbloe iron ore
in the Bahariya iron ore mine (Fig. 2s). Howevéedse are rather "ordinary" features that

can be judged as only local.

4.2. Farafra Oasis and vicinities

In the Farafra Oasis and in its vicinities, peaulgeological features are also
numerous (Fig. 3). However, these belong to they &b dominant geological heritage
types (Table 1). Examples of unique features arergbelow.

Geomorphological type. Diverse geomorphological features are reported fthis
area. These include "melon fields" (like those he Bahariya Oasis), peculiar landforms,
and, paleokarst phenomena (Fig. 3). The latteroarspecial interest. The Maastrichtian
(Late Cretaceous) chalky limestones karstifiednisieely in the Miocene (Pickford et al.,

2010), and the results of these processes createdyaunique landscape (Fig. 3b-e). The

10



251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

number of the co-occurrence of all these geomoguicdl features permits judging the rank
of the relevant geological heritage as national.

Hydrological and hydrogeological type. Thermal mineral springs are known in the
oasis, and these are used already for the purpbsesreation and spa therapy. The rank of
these heritage objects is local, similarly to tl@h&iya Oasis.

It should be added that some micropaleontologigadisf that permit interesting
taphonomic judgements has been made in the F&@afs recently (Orabi and Zaky, 2016).
However, it is questionable whether this indicateyg paleontological and paleogeographical

types of geological heritage on this area.

4.3. Area between the Bahariya and Farafra oases

On the area between the oases, some peculiar gedléeptures also occur (Fig. 4).
These belong to 5 dominant geological heritagegypable 1) that are illustrated with some
examples below.

Sedimentary type. The Khoman Chalk Formation (Maastrichtian, Latet@ceous) is
represented on this area by distinctive snow-wltit@lk and chalky limestones with
abundant chert bands and thin shale beds at tag fditmation is 25-30 m in thickness, and
it overlies conformably the Hefhuf Formation (Caanf@n, Late Cretaceous) and underlies
the Tarawan Formation (Paleocene). Although thialkchs peculiar, it is very well
distributed both in Egypt and other places of tleley and, therefore, this is the only local
geological heritage.

Mineralogical type. Large calcite crystals (also in the form of spélems) are
known from the so-called "Crystal Hill" (Fig. 4eThese would attract potentially the
attention of visitors, although this is the onlgabgeological heritage.

Paleogeographical type. The Khoman Chalk was deposited under open maoirtey

11
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shelf environmental conditions (Issawi et al., 200%ese rocks are rather specific, but very
common in many regions of the world. If to treag thutcrops of the Khoman Chalk in terms
of paleogeographical heritage, its rank would blg tocal.

Geomorphological type. On the study area, there are paleokarst featinedar to
those described above in the Farafra Oasis. Howéwere is a feature that deserves close
attention. The well-arranged crystals of calciterfdarge, medusa-shaped body (Fig. 4f) that

Is so unusual and spectacular that can be assigribd national geological heritage.

5. Discussion
5.1. Diversity of the geological heritage and its rank

The three study areas differ by the diversity oblggical heritage features, and the
number of the dominant types is the largest indhge of the Bahariya Oasis (Table 1).
However, in all cases, the most common are geonotogital features. These include the
peculiar landforms mentioned above ("natural scugd’, "melon fields", and paleokarst
features), as well as the "Black Desert" and thénite/Desert" taken entirely. The White
Desert (El-Sahara El-Beida in Arabic) is located +4n to the north of the Farafra Oasis,
and it has a total area of 3010 %t has been declared as a natural protectors2808. The
White Desert is called so because of the whitercdtominating its whole landscape. The
Black Desert (ElI-Sahara El-Soda in Arabic) liesnwsstn the White Desert in the south and
the Bahariya Oasis in the north. It is located kB0southwest of the Al-Bawetii City. It is
called “the Black Desert” because of many widelgesa black conical hills and the black
sheets of gravels and rock fragments strewn onflib@ of this desert giving it a
characteristic rough physiography. These hills varheir forms and height.

A central idea in the modern understanding of ggiold heritage is geodiversity that

can be characterized either quantitatively or gatahely (Gray, 2008, 2013; Ruban, 2010;
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Knight, 2011; Crawford and Black, 2012). As demoatstd above, the geological features of
the study territory are chiefly of intermediateloav ranks (local or regional). However, the
co-occurrence of diverse features by itself inageabe overall rank of their entity (such a
situation was discussed by Ruban (2010)). Rareepla¢ the world can boast by such a
diversity of peculiar geomorphological and geolagifeatures as the Bahariya and Farafra
oases and the area in between them. If so, the g@ological heritage of the study territory,

I.e., the central Western Desert, can be rankegoas.

5.2. Geotourism per spectives

The geological heritage of the central Western Resk Egypt seems to be very
suitable for the purposes of geotourism developrbentuse of its diversity and unigueness
(Table 1). Individual tourists and tourist groupmncreach there easily via luxury tourist
buses or four-wheel safari cars owned by touristerprises. Travellers to the Bahariya and
Farafra oases may visit particular geological fesgtuo learn about the general geology and
geomorphology. Moreover, thematic excursions, gdagxed by Plyusnina et al. (2015),
provide another opportunity to learn about the ggichl history of a given area. In the case
of the study territory, visitors can learn abouw tast 100 Ma of the geological history (Late
Cretaceous-Present) seeing different facies, &saitd other relevant features (Table 2).
Importantly, some of these features are not orpycf for the Western Desert, but they also
characterize the general scheme of geological gealuFor instance, there are specific
formations like chalk and nummulitic limestones,|epaeefs, invertebrate and dinosaur
localities. As the discussed geological heritageoiscentrated on rather small area restricted
to two oases and their vicinities (Fig. 1), the emdal for such a thematic
(paleogeographical) excursion seems to be large.

The geological heritage, especially when it is ethiglobally, should be employed
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for tourism purposes in good balance with consermafe.g., Prosser et al., 2006, 2011;
Gray, 2008, 2013). Two possibilities for this existthe central Western Desert. First, the
Natural Protectorate of the White Desert has bessigdated in 2002 to include the hills of
El-Dist and El-Maghrafa and the Black Desert, andsimanaged now by the Egyptian
Ministry of the Environment. The most activitiedesed at this protectorate include Safari
trips, camping inside the desert, and sand boamnipe sand dunes. This kind of protected
area can itself work for the purposes of geotouriSmcond, a geopark that will become
further a member of the global geopark network p{htbww.unesco.org/en/natural-
sciences/environment/earth-sciences/geoparks/soesigns-about-geoparks/where-are-
the-global-geoparks/) can be established on this bashe diverse and abundant geological
heritage features of the Bahariya and Farafra ocaiséshe area between them. Experience
from many other places of the world (Farsani et2012; Henriques et al., 2012; Fukami,
2013; Palacio Prieto, 2013; Lazzari and Aloia, 2(84n, 2014; Wang et al., 2015) suggests
that such a geopark may facilitate the joint geseovation and geotourism activities.
However, establishment of geopark requires sigamficefforts from the national geological

community in Egypt.

6. Conclusions

The present study underlines the importance of aggcdl heritage inventory in
Egypt. The diverse geological features of the Bighaand Farafra oases are essential part of
the geological heritage. The latter is represertigdl0 dominant types, of which the
geomorphological features are the most common. Gewlogical heritage is of global
importance because of the diversity of featuree@mnsrring on a rather restricted territory.
The Bahariya and Farafra oases and the area bethvexnare well suitable for geotourism

development. The already established natural pmt#e and the possible geopark can
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contribute substantially to both geoconservatioth geotourism.

Acknowledgements

The authors gratefully thank P.G. Eriksson (SouthcA) for editorial support, the
two anonymous referees for useful suggestions, Mdbaa (USA) for linguistic polishing,
and D.E. Bruno (ltaly), E. Errami (Morocco), M.HeHRriques (Portugal), B. Issawi (Egypt),
[.-M. Necheg (Romania), W. Riegraf (Germany), E. Tawadros (@apaW.A.P. Wimbledon

(UK), and the other colleagues for discussionsa@miulp with literature.

References

Afify, A.M., Sanz-Montero, M.E., Clavo, J.P., Wands.A., 2015a. Diagenetic origin of
ironstone crusts in the Lower Cenomanian Baharigan&tion, Bahariya Depression,
Western Desert, Egypt. Journal of African EarthreSces 101, 333-349.

Afify, A.M., Sanz-Montero, M.E., Calvo, J.P., 20159bonstone deposits hosted in Eocene
carbonates from Bahariya (Egypt) - new perspeabivecherty ironstone occurrences.
Sedimentary Geology 329, 81-97.

Alling, H.L., 1947. Diagenesis of the Clinton heitetores of New York. Bulletin of the
Geological Society of America 58, 991-1018.

Aram, R.B., 1990. Seismic stratigraphic study & @retaceous Bahariya Formation, south
Um Baraka concession, Western Desert, Egypt. lncdtdings of the " Petroleum
Exploration Production Conference 2, Egypt, pp.-&30t.

Baioumy, H.M., 2015. Rare earth elements, S ands@&@pbpes and origin of barite from
Bahariya Oasis, Egypt: Implication for the origihhmst iron ores. Journal of African

Earth Sciences 106, 99-107.

15



376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

Baioumy, H.M., Ahmed H. H., Mohamed Z. K., 2014. rAixed hydrogeneous and
hydrothermal origin of the Bahariya iron ores, Eg¥vidences from the trace and rare
earth elements geochemistry. Journal of Geocheriqaloration 146, 149-162.

Ball, J., Beadnell, H.J.L., 1903. Baharyia Oasis:topography and geology. Geological
Survey of Egypt, Cairo, 84 pp.

Beadnell, H.J.L., 1901. Farafra Oasis, its topolgyagnd geology. Geol. Surv. Egypt, Cairo,
39 pp.

Bradbury, J., 2014. A keyed classification of natugeodiversity for land management and
nature conservation purposes. Proceedings of tbh&@sts Association 125, 329-349.

Bruno, D.E., Crowley, B.E., Gutak, Ja.M., Moroni,, ANazarenko, O.V., Oheim, K.B.,
Ruban, D.A., Tiess, G., Zorina, S.O., 2014. Paleggephy as geological heritage:
Developing geosite classification. Earth-Sciencei®es 138, 300-312.

Catuneanu, O., Khalifa, M.A., Wanas, H.A., 2006 q@smce stratigraphy of the Lower
Cenomanian Bahariya Formation, Bahariya Oasis, &teddesert, Egypt. Sedimentary
Geology 190, 121-137.

Crawford, K.R., Black, R., 2012. Visitor Understamgl of the Geodiversity and the
Geoconservation Value of the Giant's Causeway Wdddtage Site, Northern Ireland.
Geoheritage 4, 115-126.

Dowling, R., 2011. Geotourism's Global Growth. Getage 3, 1-13.

Dowling, R., Newsome, D., 2010. Geotourism: a GloBativity. In: Dowling, R.,
Newsome, D. (Eds.), Global Geotourism Perspectivegodfellow Publishers,
Woodeaton, pp. 1-17.

El-Akkad, S., Issawi, B., 1963. Geology and iroe deposits of the Bahariya Oasis. Geol.
Surv. Egypt, Cairo, paper 18. 300 pp.

El Aref, M.M., ElI Sharkawi, M.A., Khalil, M.A., 199. Geology and genesis of the

16



401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

stratabound and Stratiform Cretaceous-Eocene irerdeposits of the Bahariya region,
Western Desert, Egypt. GAW™"International Conference, Cairo University, Egypt,
450-475.

El Aref, M.M., Mesaed, A.A., Khalil, M.A., Salam#y.S., 2006. Stratigraphic setting, facies
analyses and depositional environments of the Eorenstones of Gabal Ghorabi mine
area, El Bahariya Depression, Western Desert, E@gptian Journal of Geology 50,
29-57.

El Asmar, H.M., Ahmed, M.H., Taha, M.M.N., Assal,ME, 2012. Human Impacts on
Geological and Cultural Heritage in the Coastal €dWNest of Alexandria to Al-
Alamein, Egypt. Geoheritage 4, 263-274.

El Bassyouny, A.A., 2004. Stratigraphy of El-Haewea, Bahariya Oasis, Western Desert,
Egypt. Sedimentology of Egypt 12, 207-232.

El Emam, A., Dishopp, D., Dunderdale, I., 1990. Téteuctural setting of the central
Western Desert, Egypt. In: t”l‘(IEgyptian General Petroleum Corporation Semin&02,
70.

El Etr, H.A., Moustafa, A.R., 1978. Field relation$ the main basalt occurrences of the
Bahariya Region, central Western Desert, Egyptcé@dings of the Egyptian Academy
of Science 31, 191-201.

El Kelani, A., El Hag, I.A., Bakry, H., Sheira, M2003. Type and stratotype sections of the
Mesozoic in Sinai. Geological Survey of Egypt, Gait78 pp.

El Shazly, E.M., 1962. The results of drilling inetiron ore deposits of Gebel Ghorabi,
Bahariya Oasis, Western Desert, and report on theralogy of the low grade iron pres
of El-Heiz area, Bahariya Oasis, Western DeserypEgseological Survey of Egypt,
Cairo.

Enniouar, A., Lagnaoui, A., Habib, A., 2014. A MlddJurassic sauropod tracksite in the

17



426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

Argana Basin, Western High Atlas, Morocco: An exémgd paleoichnological heritage
for sustainable geotourism. Proceedings of the @dgstis’ Association 125, 114-119.

Erikstad, L., 2013. Geoheritage and geodiversitpagament - the questions for tomorrow.
Proceedings of the Geologists Association 124, 71%R-

Errami, E., Brocx, M., Semeniuk, V. (Eds.), 20150 Geoheritage to Geoparks: Case
Studies from Africa and Beyond. Springer, Cham, g9

Farsani, N.T., Coelho, C., Costa, C., 2012. Gesdouand Geoparks as Gateways to Socio-
cultural Sustainability in Qeshm Rural Areas, Ir#@sia Pacific Journal of Tourism
Research 17, 30-48.

Fukami, S., 2013. Perspective on geoparks and gesito based on case studies of geoparks
in Japan and China. Japanese Journal of Human &#og65, 58-70.

Geological Survey of Egypt, 1981. Geologic map oy, scale 1: 2,000,000. Cairo.

Gheith, M.A., 1955. Classification and review ofylajan iron ore deposits. In: Symposium
on Applied Geology in the Near East, UNESCO, Ankaf6-113.

Gheith, M.A., 1959. Mineralogy, thermal analysisgdaorigin of the Bahariya iron ores of
Egypt. In: International Geological Congress, Mexi¢, 195-206.

Gontareva, E.F., Ansari, M.K., Ruban, D.A., Ahmad, Singh, T.N., 2015. Geological
dimension of the cultural heritage: A case exangbl¢he Ajanta Caves (Maharashtra,
India). Cadernos do Laboratorio Xeoloxico de La8e&7-78.

Gray, M., 2008. Geodiversity: developing the pagadi Proceedings of the Geologists'
Association 119, 287-298.

Gray, M., 2013. Geodiversity. Valuing and Consegvibiotic Nature. Wiley-Blackwell,
Chichester, 495 pp.

Guiraud, R., Bosworth, W., Thierry, J., Delplangwe, 2005. Phanerozoic geological

evolution of Northern and Central Africa: An ovewi. Journal of African Earth

18



451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

Sciences 43, 83-143.

Henriques, M.H., Neto K., 2015. Geoheritage atBheator: Selected Geosites of Sdo Tomé
Island (Cameron Line, Central Africa). Sustainaypifi, 648-667.

Henrigues, M.H., Pena dos Reis, R., Brilha, J., ayidt.,, 2011. Geoconservation as an
Emerging Geoscience. Geoheritage 3, 117-128.

Henriques, M.H., Tomaz, C., Sa, A.A., 2012. The va® Geopark (Portugal) as an
educational resource: A case study. Episodes 35488.

Henrigues, M.H., Tavares, A.O., Bala, A.L.M., 208 geological heritage of Tundavala
(Angola): An integrated approach to its charac&ios. Journal of African Earth
Sciences 88, 62-71.

Hermina, M., 1990. The surroundings of Kharga, Dakdnd Farafra oases. In: Said, R.
(Ed.), The Geology of Egypt. Egyptian General Retnm Corporation, 259-292.

Hose, T.A., Vasiljewd, D.A., 2012. Defining the nature and purpose ofiera geotourism
with particular reference to the United Kingdom audith-east Europe. Geoheritage 4,
25-43.

Issawi, B., 2002. Egypt during the Phanerozoic.Yaussef, E.A.A. (Ed.), Geology of the
Arab World. Proceedings of the Sixth InternatioGainference on Geology of the Arab
World, Cairo University, 2002. V. 2. Cairo UnivessiCairo, pp. 401-450.

Issawi, B., 2005. Archean-Phanerozoic birth andetiggment of the Egyptian land. In:
Youssef, E.A.A. (Ed.), Geology of the Tethys. Pextiags of the First International
Conference on the Geology of the Tethys, Cairo Emsity, November 2005. V. 2.
Cairo University, Cairo, 339-380.

Issawi, B., Francis, M., Youssef, A., Osman, R.020The Phanerozoic of Egypt: A
geodynamic approach. Geological Survey of Egypird;&89 pp.

Khalifa, M.A., 1977. Geological and sedimentolodiciudies of the El Hefhuf area,

19



476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

Bahariya Oases, Western Desert, Egypt. Unpublidh€kt. Thesis, Cairo University,
181 pp.

Khalifa, M.A., Catuneanu, O., 2008. Sedimentolo@yhe fluvial and fluvio-marine facies
of the Bahariya Formation (Early Cenomanian), Bafaa®asis, Western Desert, Egypt.
Journal of African Earth Sciences 51, 89-103.

Knight, J., 2011. Evaluating geological heritageorrespondence on Ruban, D.A.
'‘Quantification of geodiversity and its loss' (PG210, 121(3): 326-333). Proceedings
of the Geologists' Association 122, 508-510.

Last, J., Brown, E.J., Bridgland, D.R., Harding, B013. Quaternary geoconservation and
Palaeolithic heritage protection in the 21st cgntdeveloping a collaborative approach.
Proceedings of the Geologists Association 124, &Z5b-

Lazzari, M., Aloia, A., 2014. Geoparks, geoheritagel geotourism: Opportunities and tools
in sustainable development of the territory. Gemjatiof Tourism and Geosites 13, 8-9.

Lebling, C., 1919. Ergebnisse der ForschungsreBesf. E. Stroners in den Wusten
Aegyptens: Teil lll, Forschungen in der Bahariyas®aund anderern Gegenden
Aegyptens. Abhandl. Konig. Bayerische Akademie Wéissenschafte Math. Phus.
Klasse. 29.

Meneisy, M.Y., 1990. Vulcanicity. In: R. Said (Edyhe geology of Egypt. Balkema,
Rotterdam, 157-172.

Meneisy, M.Y., El Kalioubi, B., 1975. Isotopic agetthe volcanic rocks of the Bahariya
Oasis. Ann. Geological Survey of Egypt 5, 119-122.

Migon, P., 2009. Geomorphosites and the World getList of UNESCO. In: Reynard, E.,
Coratza, P., Regolini-Bissig, G. (Eds.). Geomorghkes F. Pfeil, Minchen, pp. 119-
130.

Moroni, A., Gnezdilova, V.V., Ruban, D.A., 2015. @agical heritage in archaeological

20



501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

sites: case examples from ltaly and Russia. Praogedf the Geologists' Association
126, 244-251.

Morsy, M.A., 1987. Geology and Radioactivity of eafretaceous-Tertiary Sediments in the
Northern Western Desert, Egypt. Unpublished Ph.Desis, Faculty of Science,
Mansoura University, 175 pp.

Moustafa, A.R., Saoudi, A., Moubasher, A., IbrahimM., Molokhia, H., Schwartz, B.,
2003. Structural setting and tectonic evolutiontltod Bahariya Depression, Western
Desert, Egypt. GeoArabia 8, 91-124.

Nakhla, F.M., 1961. The origin ore deposits of ERBriya Oasis, Egypt. Economic
Geology, 56, 1103-1111.

Orabi, O.H., Zaky, A.S., 2016. Differential dissttun susceptibility of Paleocene
foraminiferal assemblage from Farafra Oasis, Egyptirnal of African Earth Sciences
113, 181-193.

Omara, S., Hemida, I., Sanad, S., 1970. Structace leydrogeology of Farafra Oasis,
Western Desert, U.A.R. In: 7th Arab Petroleum Cesgr Kuwait, paper 65.

Palacio Prieto, J.L., 2013. Geosites, geomorphosied geoparks: Importance, actual
situation and perspectives in Mexico. Investigae®eograficas 82, 24-37.

Pickford, M., Wanas, H.A., Mein, P., Ségalen, Lgli®an, H., 2010. The extent of
paleokarst and fluvio-lacustrine features in thesWwn Desert, Egypt; Late Miocene
subaerial and subterranean paleohydrology of theaBga-Farafra area. The Tethys
Geological Society, Cairo, Egypt 5, 35-42.

Plyusnina, E.E., Ruban, D.A., Zayats, P.P., 201BenTatic dimension of geological
heritage: an evidence from the Western Caucasusnaloof the Geographical Institute
"Jovan Cvijt" SASA 65, 59-76.

Prosser, C.D., 2013. Our rich and varied geocoasierv portfolio: the foundation for the

21



526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

543

544

545

546

547

548

549

550

future. Proceedings of the Geologists' Associatiafh, 568-580.

Prosser, C., Murphy, M., Larwood, J., 2006. Gealalyiconservation: a guide to good
practice. English Nature, Peterborough, 145 pp.

Prosser, C.D., Bridgland, D.R., Brown, E.J., Lardiod.G., 2011. Geoconservation for
science and society: challenges and opportuniffgeceedings of the Geologists'
Association 122, 337-342.

Ruban, D.A., 2010. Quantification of geodiversitpdaits loss. Proceedings of the
Geologists' Association 121, 326-333.

Ruban, D.A., 2015. Geotourism - A geographical eeviof the literature. Tourism
Management Perspectives 15, 1-15.

Ruban, D.A., Kuo, |., 2010. Essentials of geologluaritage site (geosite) management: a
conceptual assessment of interests and conflietiirsl Nascosta 41, 16-31.

Said, R., 1962. The geology of Egypt. Elsevier, ferdam, 377 pp.

Said, R., Issawi, B., 1964. Geology of Northernt€da, Bahariya Oasis, Egypt. Geological
Survey of Egypt, Cairo, 41 pp.

Salama, W., El Aref, M.M., Gaupp, R. 2012.Mineratad and geochemical investigations
of the Middle Eocene ironstones, El Bahariya Dejpoes Western Desert, Egypt.
Gondwana Research 22, 717-736.

Salama, W., El Aref, M.M., Gaupp, R. 2013.Minerabkeition and processes of ferruginous
microbialite accretion — an example from the Mid@ecene stromatolitic and ooidal
ironstones of the Bahariya Depression, Western iDdsgypt. Geobiology 11, 15-28.

Salama, W., El Aref, M.M., Gaupp, R. 2014.Faciealgsis and palaeoclimatic significance
of ironstones formed during the Eocene greenhd&s#imentology 61, 1594-1624.

Schweitzer, C.E., Lacovara, K.J., Smith, J.B., Lans M.C., Mandela, M.A., Attia, Y.,

2003. Mangrove-dwelling crabs (Decapoda: BrachyWacrocarcinidae) associated

22



551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

567

568

569

570

571

572

573

574

575

with dinosaurs from the Upper Cretaceous (Cenomanaf Egypt. Journal of
Paleontology 77, 888-894.

Sehim, A.A., 1993. Cretaceous tectonics in Egyptdign Journal of Geology 371, 335-
372.

Slaughter, B.H., Thurmond, J.T., 1974. A Lower GQuaaian (Cretaceous) Ichthyofauna
from the Bahariya Formation of Egypt. Annals of theological Survey of Egypt 4, p.
25-40.

Smith, J.B., Lamanna, M.C., Lacovara, K.J., Dodséh, Smith, J.R., Poole, J.C.,
Giegengack, R., Attia, Y., 2001. A giant sauropaabdaur from an Upper Cretaceous
mangrove deposit in Egypt. Science 292, 1704-1706.

Soliman, S.M., Faris, M.l, Badry, O.E., 1970. lositratigraphy of the Cretaceous
Formations in the Bahariya Oasis, Western DesayypE In: 7 Arab Petroleum
Congress, Kuwait.

Stromer, E., 1914. Die topographie und geologie sieecks Gharag Baharije nebst
Ausfuhrungen, uber die geologische Geschichte AangtAbhandl. Konig. Bayerische
Akademie der Wissenschafte Math.-Phys. Klasse 2mdken, 1-78.

Stromer, E., 1936. Ergebnisse der Forschungsrd®sen E. Stromers in den Wusten
Agyptens. VII. Bahariya Kessel und Stufe mit deFeauna und flora. Eine erganzende
usamenfassung. Abhandl. Konig. Bayerische AkadetareWissenschafte Math.-Phys.
Klasse 26 (3).

Sun, J.H., 2014. The integration and developmenheasftage resources based on RMP
analysis a case study of Songshan world Geoparkariaed Materials Research 889-
890, 1653-1659.

Tanner, L.H., Khalifa, M.A., 2010. Origin of ferrigtes in fluvial-marine deposits of the

Lower Cenomanian Bahariya Formation, Bahariya Qa¥¥estern Desert, Egypt.

23



576

577

578

579

580

581

582

583

584

585

586

587

588

589

590

591

592

593

594

595

596

597

598

599

600

Journal of African Earth Sciences 56, 179-189.

Tawadros, E., 2011. Geology of North Africa. CR@3%; London, 930 pp.

Tawadros, E., Ruban, D., Efendiyeva, M., 2006. Etvoh of NE Africa and the Greater
Caucasus: Common Patterns and Petroleum Potelmtiallhe Canadian Society of
Petroleum Geologists, the Canadian Society of Eafilin Geophysicists, the Canadian
Well Logging Society Joint Convention. May 15-1808. Calgary, pp. 531-538.

Wang, L., Tian, M., Wang, L., 2015. Geodiversitgpgonservation and geotourism in Hong
Kong Global Geopark of China. Proceedings of thel@gsts' Association 126, 426-
437.

Weiler, W., 1935. Fischreste aus dem nubischen ssaimdvon Mohamid und Edfu und aus
den Phosphaten oberaegyptens und der Oase BahAbiiandl. Konig. Bayerische
Akademie der Wissenschafte Math.-Phys. Klasse -4212

Wimbledon, W.A.P., 1996. Geosites - a new consgwanitiative. Episodes 19, 87-88.

Wimbledon, W.A.P., 1999. GEOSITES - an Internatlobaion of Geological Sciences
initiative to conserve our geological heritage.i$tolGeological Institute Special Papers
2, 5-8.

Wimbledon, W.A.P., Smith-Meyer, S. (Eds.), 2012.oBeritage in Europe and its
conservation. ProGEO, Oslo, 405 pp.

Wimbledon, W., Ishchenko, A., Gerasimenko, N., Aledrowicz, Z., Vinokurov, V.,
Liscak, P., Vozar, J., Bezak, V., Kohut, M., Poladk, Mello, J., Potfaj, M., Gross, P.,
Elecko, M., Nagy, A., Barath, I., Lapo, A., Vdovel., Klincharov, S., Marjanac, L.,
Mijovic, D., Dimitrijevic, M., Gavrolovic, D., Thedossiou-Drandaki, I., Serjani, A,
Todorov, T., Nakov, R., Zagorchev, I., Perez-GoezalA., Benvenuti, M., Boni, M.,
Bracucci, G., Bortolani, G., Burlando, M., CostantiE., D'Andrea, M., Gisotti, G.,

Guado, G., Marchetti, M., Massolli-Novelli, R., Rara, M., Pavia, G., Poli, G.,

24



601

602

603

604

605

606

607

608

609

610

611

612

613

614

615

616

617

618

619

620

621

622

623

624

625

Zarlenga, F., Satkunas, J., Mikulenas, V., Suominén Kananajo, T., Lehtinen, M.,
Gonggriijp, G., Look, E., Grube, A., Johansson, Karis, L., Parkes, M., Paudsep, R.,
Andersen, S., Cleal, C., Bevins, R., 1998. A fattémpt at a GEOSITES framework for
Europe - an IUGS initiative to support recogniztiohworld heritage and European
geodiversity. Geologica Balcanica 28, 5-32.

Woo, K.S., Sohn, Y.K., Ahn, U.S., Yoon, S.H., Spate 2013. Jeju Island Geopark - A
Volcanic Wonder of Korea. Heidelberg, Springer pg8

Zangmo Tefogoum, G., Kagou Dongmo, A., Nkouathioi D Wandiji, P., Gountie Dedzo,
M., 2014. Geomorphological features of the ManehgoWolcano (Cameroon Line):

Assets for potential geopark development. Geolgeitg 225-239.

FIGURE CAPTIONS

Fig. 1. Geological map of the study territory (nfaeti from Geological Survey of Egypt,

1981).

Fig. 2. Geological heritage of the Bahariya Oasiss - Gebel El Dist (Cenomanian
siliciclastics overlain by Lower Eocene nummuliimestones), d, e - the Mandisha's
basalt (Oligocene), f - the Black Desert (blacklshiconsisted of Cenomanian
siliciclastics topped by basalts), g - Quaternaaeplake deposits, h, i - Lower Eocene
dolomitic limestones overlying Cenomanian stratthwaingular unconformity, j, k - ball-
like concretions (average diameter 50-60 cm) ofdhgliceous dolomitic limestones
("melon field"), | - Gebel El Gar EI Hamra (landrkasonical-hill buildup, type section
of the Qazzun and Hamra formations, paleoreefs athdr deposits), m - Lutetian-

Priabonian semi-circular reefal structure), n, Middle Eocene saucer-like reefal
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structures, p, g - pedestal rocks, r - Bahariya oe mine (origin of ore is debatable), s
- cross-bedded paleosols highly pierced by rodiscas asymmetrical ripple marks, u -

sand dunes of Ghard Ghorabi, v- thermal minerahg@quipped with a kind of bath.

Fig. 3. Geological heritage of the Farafra Oasigd aginities: a-i - paleokarst (Miocene?)

features, | - "melon field" of Quaternary sedimeits - peculiar landforms.

Fig. 4. Geological heritage of the area betweerBigariya and Farafra oases: a-d - Crystal
Hill (brecciated structure on c, d reflects thelajp$ed cave roof), e - calcite crystals
from the Crystal Hill, f - medusa-shaped (umbresleped) body consisting of well-

arranged crystals of calcite.
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Table 1. Geological heritage types in the studgttay. Typology is based on Ruban (2010) and RudrashKuo (2010).

Area Dominant types

ST PL SE IG MT MI EC GC SI SR PG CO GT GY GM HY ENRA NE PE GH
Bahariya Oasis X X X X X X X X X X
Farafra Oasis and X X
vicinities
area in between of oases X X X X

Types abbreviations: ST — stratigraphical, PL- patelogical, SE — sedimentary, IG — igneous, MTetamorphic, Ml — mineralogical, EC — economical, G§eochemical,
S| — seismical, SR — structural, PG — paleogeogtahhCO — cosmogenic, GT — geothermal, GY — gedlogical, GM — geomorphological, HY - hydrologicahd
hydrogeological, EN — engineering, RA — radioge@alj NE — neotectonical, PE — pedological, GH ehistorical.



Table 2. Paleogeographical features in the geological heritage of the study territory. Typology is based on Bruno et al. (2014).

Geological age Dominant subtypes of paleogeographical type
Facies Pal eoecosystems Ichnology Taphonomy Events Geoarchaeol ogy
Quaternary paleolake burrows and traces artifacts
Miocene karstic
Oligocene fluvial
Eocene shallow-marine nummulites gradual basin
deepening
shallow-marine reefs (bivalves and
gastropods)
Upper Cretaceous chak-dominated bivalves
outer shelf

deltaic, estuarine

bivalves, dinosaurs,
flora

fossil wood, other
fossilized remains
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Global-ranked geological heritage in central Western Desert of Egypt
Ten geological heritage types (geomorphological, igneous, paleogeographical, etc.)
Possibility for thematic geotourist excursions linked to geological history

Potential for geopark establishment in Bahariya and Farafra oases



