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Abstract
The Petrified Forest Protectorate near Maadi, Cairo, Egypt, holds considerable geological heritage value. Over the past 10 years,
substantial geo-loss has been reported in this area. Like other sites of urban geological heritage, the protectorate faces environ-
mental and anthropogenic pressures linked to urbanization. Such pressures have led to an increased depletion of geological
resources, seriously threatening what is an important part of the geological heritage of Egypt. This study aimed at detailing the
geological heritage value of the Petrified Forest Protectorate and, using ETM imaging, to evaluate the effects of urbanization and
the resultant geo-loss. In Egypt, more forward-looking decisions are needed to insure the full legal protection of such sites and the
conduction of safe geotourism. Currently, a full appreciation of the value of geoheritage and the importance of geoconservation is
lacking. This study attempted to quantify geoconservation into basic units of the geological heritage in order to add to our pool of
knowledge and increase awareness. Specific inventories were conducted. Valuation and monitoring procedures were designed in
order to organizing geoheritage information, aiming towards informed planning of geoconservation projects and of geotourism,
and, as a result, better management of the protectorate. Notable success in implementing such steps has been reported in
comparable cases in Greece and should be easy to conduct in Egypt.
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Introduction

The aim of better protecting Earth’s geo-heritage is often
derailed by the need to persuade a general public of mostly
non-specialists (Carton et al. 2005) of the importance of a
particular site as a testimony to Earth’s history, irrespective
of beauty. For more than two decades, geologists, nature con-
servationists, and a host of policy-makers have attempted to
promote the respectful recognition, conservation, and multi-
purpose use of global, national, regional, and local geological
heritage sites (Black 1985; Lapo et al. 1993; Wimbledon et al.
1995, 1998;Wimbledon 1996, 1999; Kislov 1999, 2001;
Gray 2004, 2008; Prosser et al. 2011; Ruban 2010; Ruban

and Kuo 2010; Henriques et al. 2011; Asrat et al. 2012;
Brown et al. 2012; Gordon 2012; Fassoulas et al. 2012;
Wimbledon and Smith-Meyer 2012; Tiess and Ruban
2013). This has coincided with a massive growth in
geotourism and the related recreational services industry
(Hose and Wickens 2004; Doktor and Golonka 2006; Pajak
et al. 2006; Gray 2008; Dowling and Newsome 2010; Ruban
and Kuo 2010; Jin and Ruban, 2011; Bruno and Perrotta
2012; Gordon 2012; Hose and Vasiljević 2012; Liccardo
et al. 2012). Site housing scientifically important, rare, and
beautifully preserved fossils and minerals or other remarkable
geological features are of major importance to both
geoconservationists and to the geotourism industry. The geo-
logical phenomena found at such heritage sites (geosites) are
often extraordinarily complex.

Worldwide, many petrified forests have already been rec-
ognized by UNESCO as geoheritage sites, and their designa-
tion approved as geoparks. These include the Lesvos Petrified
Forest in Greece and a petrified forest national park in
Arizona, USA. Even countries that do not have large
geoheritage sites take careful measures to conserve what little
samples of petrified forest they may have. Such samples are
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often displayed in natural museums for the general public, as
is the case in several Asian countries.

The petrified forest of Eastern Cairo covers a large area,
spanning tens of square kilometers. It extends from
Quattamia, near Maadi (a suburb southeast of Cairo), and
reaches to near the Cairo-Suez road in the Eastern Desert.
The site designated as the Petrified Forest Protectorate (the
Maadi Petrified Forest) is however an area of about only
7 km2, located 18 km east of Maadi. It stands at 225–280 m

above sea level. It is located in New Cairo between latitudes
31° 26′ 53″–31° 28′ 08″N and longitudes 29° 58′ 18″–29° 59′
57″ E (Fig. 1).

The Maadi Petrified Forest is home to several unique
palaeobotanical sites with high concentrations of
permineralized tree trunks, stems, and chunks of wood (some
exceeding 45 m in length). Wood remains are found scattered
on the ground or partly/completely buried by sand and gravel.
These remains are in form of cylindrical sections ranging from

Fig. 1 a Location map for the study area relative to Cairo. b Location of the area of interest

Fig. 2 Geologic map for the
study area after Arafa et al. (2015)
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a few centimeters to several meters in diameter. Often, fossil-
ization had largely preserved the original texture and the in-
ternal structure of tree trunks and wood remains. Petrified
wood in the Maadi Forest are believed to date back to the
Oligocene era, as evident by their presence beneath the sand
and gravel of the Gebel Ahmer Formation (Sallam et al.
2015).

The Maadi Petrified Forest was designated as a national
protectorate by the Egyptian Ministry of Environment in
1989. The protectorate is also known as Gebel El-Khashab
(“Wood Mountain”). Some specialists believe that the petri-
fied tree trunks and wood remains found inGebel El-Khashab
had fossilized elsewhere and were transferred over long dis-
tances across the ancestral River Nile to what is now the
Maadi Petrified Forest. Other contend that fossilization of
these tree remains occurred after they had first been brought
to their present site (Kortlandt 1980; Salama, 2008; El-
Saadawi et al. 2011; Araffa et al.).

The Maadi Petrified Forest remains an important site for
geological researchers. A lot can be learned about processes

involved in wood fossilization. Since taphonomic processes
remain, as detailed above, open to scientific debate, the need
for further studies would certainly lure researchers to the pro-
tectorate. The protectorate could also act as an out-door class-
room, providing geoscience students with examples of ancient
terrestrial ecosystems. Geotourists would be able to see im-
pressive remains of Oligocene era plants. All in all, the Maadi
Petrified Forest is a palaeogeographic geosite of global rank
(geosites of such geo-heritage value are rare on the planetary
scale (Sallam and Ruban 2017).

Petrified wood result from the complete permineralization
of tree remains. The original organic material is completely
replaced by minireals, and pore spaces are filled mainly with
SiO2 (silica). Other minerals, such as hematite and goethite,
often enter into solution with the silica during the petrification
process. A generally accepted hypothesis is that silica then
progresses from highly disordered amorphous opals to disor-
dered interlayering of tridymite and cristobalite, to microcrys-
talline quartz (chalcedony), and finally to granular quartz (e.g.,
Scurfield and Segnit 1984).

Fig. 3: Stratigraphic column after
Arafa et al. (2015)
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Geology of the Petrified Forest

The petrified forest is considered one of the most important
geosites in Egypt. The part of it designated as a protectorate
was declared a natural reserved site by government decree
944/1998. The protectorate contains fossilized stumps and
logs, mainly of legume trees (El-Faramawi 2008; El-
Saadawi et al. 2011 and Hassan 2015). The Maadi Petrified
Forest Protectorate encompasses a segment of Egypt’s Eastern
Desert limestone plateau that contains the petrified remains of
a 35 million year-old forest. This area is one of only a few
remaining sites within Greater Cairo where desert wilderness
and some of its wildlife can still be seen.

Cairo is an example of a rapidly expanding metropolis
located in a developing country. Like other such cities, the
importance of geoheritage sites and their value as a re-
source has only been recently realized. Cairo is a very
large metropolitan area with an estimated population of
more than 10 mil l ion people and a terr i tory of
>500 km2, with complex geographical and geological fea-
tures (Shata 1988). Despite its size, the geological heri-
tage of Cairo (and of the entirety of Egypt) has not been

completely assessed with precision. Pioneering studies in
th i s f i e ld inc lude the works of Sha ta (1988) ,
AbdelMaksoud and Hussien (2016), Plyusnina et al.
(2016), Sallam and Ruban (2017), and Sallam et al.
(2018). These researchers have attested to extend of
Cairo’s geological heritage. The objective of the present
paper was thus the documentation and assessment of two
Cairene geoheritage sites that have experienced signifi-
cant anthropogenic pressure.

The Egyptian Miocene is rich in petrified wood, pro-
viding opportunities for the reconstruction of the environ-
ments of this geological time period and for the investi-
gation of changes in vegetation and climate during the
Neogene era as well.

The Maadi Formation unconformably underlies the
Oligocene (G. Ahmar Formation or G. El Khashab
Formation) and lies above the Middle Eocene (Guishi
Formation). The contact between the Oligocene and the
Eocene is recognized by a major unconformity that sepa-
rates the G. El Khashab continental sediments from the
underlying marine sediment of the Maadi Formation (Said
1990). The Oligocene deposits in the area seem to be a

Fig. 4 Methodology used in the
article
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part of a large graben system, which is controlled from the
south by the hilly sector of Middle Eocene and from the
north by the low land of the Miocene sediments (Fig. 2).
While missing on the crests of the structural and topo-
graphical highs, Oligocene fluviatile sediments are usual-
ly preserved in the structurally and topographically low
areas. Oligocene sediments are mainly composed of loose
white sands, varicolored sand, and gravel along with si-
licified wood. Petrified logs display a wide range of
colors covering the different shades of white, pale-yellow,
red, and brown. The longest log encountered measured
30 m, and the largest stump was more than 1 m in
diameter. No roots were found, supporting the belief that

the trees had found their way to their present position
before they silicified. Akahane et al. (2004) concluded
that silicified (petrified) wood formed naturally through
the deposition of tiny silica spheres (opal). The Maadi
Formation represents the Upper Eocene part of the study
area, consisting of intercalated sandy limestone, marl, and
claystone (Said 1962).

It is worth noting that a map designated by Araffa et al.
(2017) as the New Cairo City geology map included the pet-
rified forest (within the Eastern Desert of Egypt) (Fig. 3).

Topographically, most of the area under consideration is
flat. There are large numbers of massive silicified tree trunks
lying horizontally on the surface or buried partly or

Table 1 Multi-spectral Imagery data acquired by Landsat 4 TM, 7
ETM+ and 8 OLI satellites (Path 180/Raw 040) for dates 1984, 2000,
and 2019 provided and available at no charge to users via electronic

download by USGS from https://earthexplorer.usgs.gov/ and https://
Libra.developmentseed.org. Specifications of the multi-spectral satellite
imagery data acquired for this study

Satellite Sensor and spectral resolution
(μM)

Band Spatial resolution
(M.)

Swath
(km)

Scene size (km ×
km)

Altitude
(km)

Landsat 4–5 (1984)
Only one Scene (Path 180/Raw

040)
Signed 8 bits.

TM
Band 1: 0.45–0.52 Blue 30
Band 2: 0.52–0.60 Green 30
Band 3: 0.63–0.69 Red 30
Band 4: 0.76–0.90 Near IR 30 185 170 × 183 705
Band 5: 1.55–1.75 Mid IR 30
Band 6: 10.4–12.5 Thermal 120
Band 7: 2.08–2.35 Mid IR 30

Landsat 7 (2000)
Only one Scene (Path 180/Raw

040)
Signed 16 bits.

ETM+
Band 1: 0.450–0.515 Blue 30
Band 2: 0.525–0.605 Green 30
Band 3: 0.630–0.690 Red 30
Band 4: 0.760–0.900 Near IR 30 185 170 × 183 705
Band 5: 1.550–1.750 Mid IR 30
Band 6*: 10.40–12.5 Thermal 60
Band 7: 2.080–2.35 Mid IR 30
Band 8: 0.52–0.92 Pan 15

Landsat 8 (2019)
Only one Scene (Path 180/Raw

040)
Signed 16 bits.

OLI
Band 1: 0.43–0.45 Blue 30
Band 2: 0.450–0.51 Blue 30
Band 3: 0.53–0.59 Green 30
Band 4: 0.64–0.67 Red 30
Band 5: 0.85–0.88 Near IR 30
Band 6: 1.57–1.65 SWIR 1 30 185 170 × 185 705
Band 7: 2.11–2.29 SWIR 2 30
Band 8: 0.50–0.68 PAN 15
Band 9: 1.36–1.38 Cirrus 30
TIRS
Band 10: 10.6–11.19 TIRS 1 100
Band 11: 11.5–12.51 TIRS 2 100

Source: U.S. Geological Survey (http://earthexplorer.usgs.gov/) and (http://glcf.umd.edu/). Remotely sensed scenes were accurate, rectified, and
geometrically corrected to (UTM coordinate system—Datum: WGS 1984, Zone 36 North). These data were pre-processed in Arc-GIS 10.3 program
(1 year free education license) for layer stacking, spectral enhancement, radiometric enhancement, and spatial enhancement. The enhancement functions
include layer stack function, which is used to combine the bands of the image and create multispectral image to apply different color composites in both
true color and false colors aim to visual interpretation. Then image radiometric and spectral enhancement techniques were applied using the more
commonly techniques (the contrast stretch, density slicing, edge enhancement, and spatial filtering) to improve the quality of colored image and avoid
inadequate information for interpretation. Finally, resolution merge as spatial enhancement method was applied for the image; this function enables to
integrate imagery of different spatial resolutions (pixel size). Since higher resolution imagery is generally single band (panchromatic band 8 as 15m data)
, while multispectral imagery generally has the lower resolutions (30 m data) to produce best enhanced merged imagery (high resolution, multispectral
imagery) to improve the interpretability of the data by having high-resolution information which is also in color (Thomas M. Lillesand and Ralph W.
Kiefer 2000). Direct digitizing was used for monitoring the Study. GIS is an effective tool in mapping the landscape features
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completely by sand. The trunks inside the protectorate are of
the Oligocene age and occur above the Maadi Formation.
Trunks overlain by basalt occur outside the protectorate
(Salama 2008a, 2008b).

Methodology

The condition of the geosite under study and the degree of
damage to geo-heritage were regularly assessed through re-
peated field trips, conducted on a yearly basis. Satellite imag-
ing and remote sensing techniques were used to corroborate
the findings of field trips and to draw maps illustrating the
degree of geo-loss observed (Fig. 4).

Detection of Geo-loss

Urban Growth

Remote sensing is an efficient technique used to conduct var-
ious types of geoscience-related studies (Prost 2013). In par-
ticular, this technique allows for the collection of up-to-date
data pertaining to changes that occur within an environment.
Such data could then be fed into geographic information sys-
tems, allowing for effective analysis that would aid planners.
Data collected can become the bases for an inventory of geo-
logical heritage of a selected area.

Geoheritage may be masked by construction and may
not be easily accessible. Remote sensing techniques permit

Map 1 Landsat TM, 1984, shows
the area of petrified forest since
1984, where no urbanization is
found near it

Map 2 a Landsat ETM+ 2000; the start of the first settlement near the study area. b Landsat OLI 2019; the area is fully surrounded by urban settlement,
which affect negatively on the geoheritage
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the documentation of changes in the degree of urbanization
in a given area. The growth of the urban areas within lo-
calities with rich geological heritage appears to be the main
cause of damage to such heritage. This growth leads to an
increase in the anthropogenic pressure on sites of
geoheritage. Buildings, roads, and infrastructure result
physically affect any nearby geological heritage sites and
may lead to their eventual destruction. Such structures also
may “mask” any geoheritage within an urban environment.
Urbanization thus leads to an increased risk of damage to
or complete loss of geoheritage sites.

In this study, satellite imaging-based analysis was
used to analyze the spatial growth of urbanization adja-
cent to the petrified forest in Maadi (Table 1). Each
original image was modified for the purposes of the
present study. Modifications included spatial, radiomet-
ric, and spectral enhancements. The process of satellite
imaging, as conducted in this study, is detailed in Fig.
4. GIS technology was later used to digitize data
pertaining to the contours of the urban areas around
the geosite, using three time slices. GIS was also used
to digitize road network maps (Maps 1, 2a, b, and 3).

Map 3 Collective view for the
urbanization growth round the
protected area
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In addition to the effect of urban expansion, people
who live adjacent to the protectorate repeatedly collect-
ed petrified wood from the area (some of protectorate
was not surrounded by fencing until 2017) and used it
as decoration at the entrances of their homes (Figs. 5a–c
and 6).

.

Environmental Effect

In 2017, Cairo sustained heavy rain for more than 6 h.
The rain partially damaged the protectorate; water
destroyed the fencing and carried pieces of petrified
wood away from the area. This incident cause dramatic
loss of geoheritage. Yet, despite this, no action was

taken to protect the rest of the protectorate or conserve
it (Fig. 7 a and b).

Results

Repeated field investigations and satellite imaging indi-
cated that urbanization near the protectorate has had a
detrimental effect on the site. Urbanization has resulted
in a 40% loss of valuable geo-heritage space. Increased
urbanization and damage to the local environment in the
absence of any serious attempt at conservation may
eventually lead to the complete loss of the petrified
forest. Lack of awareness among the general public of
the importance of geo-heritage may accelerate such a
loss.

Fig. 5 Field photographs of stems
(a, b) and a trunk (c) of fossilized
trees of the New Cairo Petrified
Forest. Before the heavy rains
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Damage already sustained to the petrified forest cannot be
reversed. There is no method of restoring what has been lost.
To prevent further losses, rules and regulations that would
govern visitor behavior need to be passed and enforced.
Such rules and regulations could mimic those developed by
UNESCO for the preservation of world heritage sites.

Discussion

Insufficient knowledge has led to a lack of appreciation
by some of the rarity and sensitivity of fossils within the

protectorate. This has resulted in a sense of indifference
towards the need for protective measures. The petrified
forest protectorate is considered a rare geological monu-
ment and a one of a kind worldwide. This is in part due
to its size and the large amount of petrified wood within
it. Studies conducted in the area could help map out both
Earth’s geological and geographical histories.

A better appreciation of the importance of the site may be
achieved through several measures. Firstly, enforcing the des-
ignation of the area as a geological heritage site would help
reduce excessive exploitation of its geological resources and
curb the damage occurring to it (AbdelMaksoud et al. 2018).

Fig. 6 Petrified wood taken from
the protected areas and used as an
ornamental objects in front of the
homes in New Cairo city, in front
of the protected area
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Secondly, establishing a geological museum for the resi-
dents of New Cairo would help in the protection of the rem-
nants of the petrified forest and in the development of geo-
tourism. Cairo is already a major tourist destination. The lo-
gistics required for geotourism could be easily fitted into any
tourist program. Local geotourism could be enhanced with the
setup of various educational programs for people of all ages.
The desire has always been that a museumwould be a place of
recruitment and knowledge, through the aforementioned edu-
cational programs that bring people closer to the natural envi-
ronment and the unique ecosystem of the Maadi Petrified
Forest.

Conclusion

The Petrified Fora is an important geological heritage site. Its
geological heritage is under significant anthropogenic pres-
sure, and the destruction of the petrified forest has accelerated
with rapid urbanization. Properlymanaging the protectorate as
a protected geosite and the establishment of a large museum
should help mitigate the negative effects of urbanization and
related anthropogenic influences on the unique geological her-
itage of the forest and its vicinity.
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