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Summary: The Advanced Spaceborne Thermal
Emission and Reflection Radiometer (ASTER) has
gained importance for lithological mapping over
the last decade. Its suitability for creating a litho-
logical map of the Dahab basin in south eastern Si-
nai in Egypt is studied and presented in this paper.
For classification and discrimination of different
rock types spectral features, in particular band ra-
tios, are used. A new band ratio stacking with a
false colour composite created by the ratio stack
image (8/5, 4/8, 11/14) is proposed for differentia-
tion between younger granitoids and older grani-
toids in the southern and central part of the study
area. Band ratios 7/6 and 6/4 have turned out to be
very suitable for discriminating between cambrian
rocks and upper cretaceous rocks in the northern
part of study area. Field investigations at different
locations of the study area have been carried out to
aid in the interpretation and analysis of the ratio
stack images. Together with available geological
maps the ground truth data is taken into account for
selecting training areas and for creating a new map
using maximum likelihood classification. An accu-
racy assessment of the classification result with re-
spect to the regional geological map created by
EGSMA (1994) and the local area maps of HASSEN
et al. (2007) and EL Masry et al. (2003) indicates
overall accuracies between 83% and 94%. An
achievement of this study is a lithological map
which extends the EGSMA map by adding some
rock units such as ring-dykes at Wadi Ferani and
metasediment, acidic metavolcanics and basic
metavolcanics in Wadi Saal and Wadi Ramthy.

© 2012 E. Schweizerbart'sche Verlagsbuchhandlung, Stuttgart, Germany

DOI: 10.1127/1432-8364/2012/0151

Zusammenfassung: Lithologische Kartierung des
Dahab Beckens im Siid-Sinai (Agypten) mit AS-
TER-Daten. Mit dem Sensorsystem ASTER (Ad-
vanced Spaceborne Thermal Emission and Reflec-
tion Radiometer) werden seit Februar 2000 Daten
aufgezeichnet, die einen Beitrag zur detaillierten
lithologischen Kartierung leisten kénnen. In die-
sem Artikel wird die Eignung von ASTER fiir die
Herstellung einer lithologischen Karte des Dahab
Beckens im Siidosten des Sinai in Agypten unter-
sucht. Zur Klassifizierung und Diskriminierung
verschiedener Gesteinsarten werden aus den 14
ASTER-Biéndern ausgewdhlte spektrale Merkmale
(Indexbilder) verwendet, wofiir einzelne Bénder
zueinander ins Verhiltnis gesetzt werden. Die In-
dexbilder der Bandverhiltnisse 6/7 und 4/6 haben
sich als sehr geeignet fiir die Unterscheidung zwi-
schen kambrischen Felsen und oberen Kreidefelsen
im nordlichen Teil des Untersuchungsgebietes er-
wiesen. Mit den zu einem Falschfarbenbild zusam-
mengesetzten Bandverhiltnissen (8/5, 4/8, 11/14)
wird eine bislang zur lithologischen Kartierung
nicht verwendete Kombination vorgeschlagen, die
sich zur Differenzierung zwischen den jiingeren
und dlteren Granitoiden im siidlichen und zentralen
Teil des Untersuchungsgebietes besonders eignet.
Feldbegehungen des Untersuchungsgebietes dien-
ten sowohl dem besseren Verstidndnis der zu inter-
pretierenden Bilder als auch der stichprobenhaften
Erfassung von Ground-Truth-Daten fiir die Klassi-
fizierung. In einem fiir die im Dahab Becken vor-
kommenden Gesteinsarten optimierten Prozess
wird eine neue lithologische Karte durch Maxi-
mum-Likelihood-Klassifizierung der Indexbilder
und eine entsprechende Nachbearbeitung erstellt.
Vorhandene geologische Karten (EGSMA 1994,
Hassen et al. 2007, EL Masry et al. 2003) wurden
fiir die Auswahl von Trainingsgebieten, insbeson-
dere auch zur Validierung der erstellten Karte her-
angezogen. Die Beurteilung der neuen Karte er-
folgte anhand von Konfusionsmatrizen, die auf

www.schweizerbart.de

1432-8364/12/0151  $4.00



712 Photogrammetrie « Fernerkundung « Geoinformation 6/2012

eine Ubereinstimmung mit den vorhandenen Kar-
ten zwischen 83% und 94% hindeuten. Die neue
Karte erweitert zudem die amtliche geologische

EGSMA-Karte um Ring-Dykes im Wadi Ferani
und um Metasedimente sowie um saure und basi-
sche Metavulkanite in den Wadis Saal und Ramthy.

1 Introduction

Although Remote Sensing techniques have
opened new ways for mapping lithology over
the past three decades, the geological maps
of the Sinai Peninsula were created based on
conventional ground surveys with suitable
field observations. A standard procedure was
to probe along traverse lines at regular inter-
vals and to plot this point information on a
topographic map. The final geological maps
then have been created by interpolating the
point information and cartographic post pro-
cessing. By interpolating the sparse point data
in a mapping area certain errors are unavoid-
able and lead to inaccuracies in the map. With
remote sensing data the mapping procedures
have undergone significant changes. The
availability of high resolution multispectral
and hyperspectral data has further increased
the potential of remote sensing in delineating
the lithological contacts and geological struc-
tures into greater detail and with better accu-
racy (DrRury 1987).

A main purpose of the Advanced Space-
borne Thermal Emission and Reflection Ra-
diometer (ASTER) mission is to extend the
understanding of local and regional phenom-
ena on the earth surface and its atmosphere.
Goals of geologic research using ASTER are
summarized by Gomez et al. (2005). They put
the focus on the “study the geologic phenom-
ena of tectonic surfaces and geologic histo-
ry through detailed mapping of the Earth to-
pography and geological formation”. For the
discussion of the importance of the different
ASTER wave bands the before mentioned au-
thors refer to early work of KnipLiNG (1970),
Hunt (1977, 1979), and SALIsBURY et al. (1987):
“The visible and near infrared (VNIR) wave-
length region provides some information for
the presence of vegetation, iron oxides (hema-
tite, goethite, jarosite) and rare earth elements.
The shortwave infrared (SWIR) wavelength
region assesses bearing minerals (clays, phyl-
losilicates, ...) and the thermal infrared (TIR)

wavelength region permits to distinguish sili-
cates and carbonates”.

The study area (Dahab basin, Sinai) is lo-
cated within an arid climatic belt that crosses
northern Africa. Rocks dominate the appear-
ance of the landscape which is sparsely cov-
ered by desert vegetation. The goal of this
study is to work out details of a classification
approach for improving the existing geologic
map in the Dahab basin. It further intends to
point a way forward for updating the geolog-
ical maps of the southern Sinai Peninsula as
well as for the geologically similar regions in
Egypt’s eastern desert and in the western part
of Saudi Arabia. A second reason for generat-
ing the geological map in this study is to pro-
vide an updated basis for hydrogeological in-
vestigations of the Dahab basin.

Related work

ASTER data have been successfully used in
geological mapping since early 2000. In com-
parison to Landsat TM data, ASTER data has
the advantage of combining wide spectral
coverage and high spatial resolution in the vis-
ible and infrared regions which makes it at-
tractive for geological mapping (e.g. HEwsoN
et al. 2001, BepeLL 2001). YamacucHl & Naito
(2003) studied spectral index images for litho-
logical mapping. Index images are found by
a linear transformation of reflectance values
of the five ASTER SWIR bands. The idea of
this transformation is to direct the transforma-
tion axes to the spectral pattern of the target
minerals. The calculated indices are named
according to the minerals: alunite, kaolinite,
calcite and montmorillonite. An advantage of
this approach is that the transformation coef-
ficients are not scene dependent. A simulated
ASTER dataset was used to prove the useful-
ness of the spectral index images.

Some studies used band ratios and the spec-
tral unmixing technique applied to SWIR,
TIR and emissivity data of the TIR bands
to improve the mapping of the sedimenta-
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ry, metasedimentary and volcanic areas. For
example, Cupany & Hewson (2002) distin-
guished some minerals in epithermal, porphy-
ry and skarn groups by using the band ratio
technique. ABDEEN et al. (2001) used ASTER
band ratios (4/7, 4/1, 2/3*4/3) and (4/7, 3/4, 2/1)
for mapping ophiolites, metasediment, vol-
caniclastics, and granitoid lithologic units of
the Allaqi suture in the southeastern part of
eastern desert of Egypt.

Gap & Kusky (2007) recommended to use
band ratios (4/7, 4/6, 4/10) for mapping the
granite and metamorphic belt of the Wadi Kid
area of Sinai and for mapping metamorphic
rocks in the Arabian Nubian Shield and other
arid areas. Repa et al. (2010) used band ratios
(2+4)/3, (5+7)/6, (7+9)/8 to discriminate be-
tween different ophiolitic and granitic rocks in
the central eastern desert of Egypt. MaDANI &
Emam (2009) investigated the band ratio com-
posite (8/5, 5/4, 7/8) to differentiate between
alkali granites (younger granitoids), granodi-
orites and quartz diorite (old granitoids) in the
Wadi el-Hudi area, which is located in south-
eastern desert of Egypt. Qarr et al. (2008) uti-
lized the (6/8, 4/8, and 11/14) band ratio image
to discriminate the basement rocks in the Ara-
fat area of the Western Arabian Shield, Sau-
di Arabia, and created a 1:100,000 geological
map. Inspired by the work of Mapant & Emam
(2009) as well as Qari et al. (2008) a new band
ratio combination (8/5, 4/8, 11/14) is proposed
in this study. Details for this new band ratio
stacking are given in sections 4 and 5.

WaLbHOFF et al. (2008) used Hyperion data
and hyperspectral analysis techniques like
the minimum noise fraction transformation
(MNF), the pixel purity index technique (PPI)
and the spectral angle mapper classification
(SAM) for geological mapping and compared
it with ASTER data classification results.
They concluded that the ASTER data allowed
a more detailed classification of the surface
composition of the study area. This is particu-
larly noteworthy because Hyperion excels by
its 220 contiguous spectral bands which cover
the spectral range from 400 nm to 2.5 pum at
a ground resolution of 30 m. RowaN & MARs
(2003) used in situ measurements of spectral
reflectance curves for calibrating the VNIR
bands of ASTER. Lithological mapping was
carried out by selecting and introducing im-

age spectra of various lithological groups into
classification produces. HEwson et al. (2001)
studied a regolith and alteration area in Aus-
tralia and showed how to improve an existing
1:100,000 geological map with ASTER data.
For their investigations they relied on previ-
ous surveys using airborne HyMap recordings
of visible, shortwave and thermal IR bands
and spectral measurements collected in field
campaigns. They concluded that their exper-
imental results indicate “that ASTER could
discriminate mineral groups not achievable
from Landsat TM, though more precise min-
eral species mapping is not possible”.

In the next section background information
about the location of the study area and the
available ASTER data is given. The geology
of the study area is outlined in section 3. In the
following two sections 4 and 5 the approach
pursued in this research for creating a litho-
logical map of the Dahab basin is presented
and processing of the ASTER data using band
ratios and supervised classification is dis-
cussed in the context of the achieved results.
Section 6 summarizes an accuracy assessment
of the generated map and presents conclusions
of the achievements.

2 Location of the Study Area and
ASTER Data

The Dahab basin is considered as one of the
major hydrographic basins along the Gulf of
Aqaba. The basin is located in the southeast-
ern part of the Sinai Peninsula and is bounded
by Latitude 28° 22’ 43.4” and 28° 52° 18.5”
N and Longitude 33° 55° 46.9” and 34° 31’
28.8” E. It occupies an area of about 2080 km?
(Fig. 1, left). It is bordered by the Gulf of Aqa-
ba to the east, Gebel Gidid, Gebel Sheikh El-
Arab and Gebel Ferani to the south, Gebel Um
Alawi, Gebel Um Loz and Gebel Hamami to
the west, and Gebel Bradi and Gebel Gunah to
the north (Fig. 1, right). It includes some main
wadis in South Sinai as Wadi Nasab, Wadi
Ramthy, Wadi Saal, Wadi Zaghraa, and Wadi
El Ghaieb.

ASTER data are offered at various process-
ing levels. Level-1A data are reconstructed,
unprocessed instrument data at full resolution
which consist of the image data, radiometric
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Fig. 1: Left: Location map of Wadi Dahab; right: Basin catchment area.

and geometric coefficients and other auxil-
iary data without applying the coefficients to
the image data to maintain the original data
values. The Level-1B data are generated ap-
plying these coefficients for radiometric cali-
bration and geometric resampling. The scene
used in this research is AST3A1 — 15 bands —
2006 which is a Level-3A data product. This
so-called Terrain Correction Image includes
Level-1B image data projected in UTM zone
36 (WGS 84) which are orthorectified using
a DEM. The scene covers an area of 60 by
60 km? which apart from a small area in south-
east encloses the Dahab basin completely.

The proposed procedure for lithological
mapping of the study area using ASTER data
(sections 4 and 5) mainly relies on the AS-
TER bands 4, 5, 6, 7, 8, 11 and 14. The spec-
tral ranges of the 30 m resolution SWIR bands
are: 1.600—1.700 um (band 4), 2.145-2.185 pm
(band 5), 2.185-2.225 um (band 6), 2.235—
2.285 pm (band 7), and 2.295-2.365 um (band
8). The TIR bands 11 and 14 record emitted
radiation in the wavelength ranges 8.475—
8.825 um and 10.95-11.65 pm, respectively.
The spatial resolution of the TIR bands is at
90 m ground pixel size.

3 Geology of the Dahab Basin

The geology of the Dahab basin is discussed
by many authors such as Hume (1906), Saip
(1962), SoLimaN (1986), EL SHAFE! et al. (1992),
Kora & GENEDI (1995), ZaLata et al. (1997),
EL Masry et al. (2003), and Hassen et al.
(2007). The study area includes many rock

types which can be subdivided according to
their age into basement rocks and phanerozoic
rocks. In this section the published knowledge
on the geology of the basin is summarized
with respect to the occurring rock types and
its forming minerals.

The reflectance spectra of minerals are well
known and catalogued, e.g. in the USGS Digi-
tal Spectral Library (CLark et al. 2007). The
fact that rocks are a complex mixture of mate-
rials limits the direct utilization of those spec-
tra for remote sensing. The use of the spectra is
further lowered by the fairly broad bandwidth
and the small number of spectral bands of AS-
TER. The challenge for the remote sensing
approach is to analyse the reflectance of the
mineral mix recorded by the ASTER bands.
For example, the spectral characteristics of
different rocks in the thermal infrared shows
a direct dependency on the silica (quartz) con-
tents (KoBavasHi et al. 2010), so that the AS-
TER TIR bands will reveal quartz-related in-
formation about the rocks. How to reveal the
rock specific information and how to exploit it
within a classification scheme for lithological
mapping will be discussed in sections 4 and 5.

3.1 Basement rocks

The EGSMA map (Fig.2) shows that base-
ment rocks are the prevalent rocks in the basin
area, in particular in the southern and the cen-
tral part of the basin. Basement rocks can be
differentiated into igneous rocks, which cover
more than 70% of the study area, and meta-
morphic rocks which mainly can be found at
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Wadi Feirani, Wadi Saal, and some parts of
Wadi Zaghraa (Fig. 2). The igneous rock com-
prises a variety of granitic rocks and young-
er gabbros. These rocks are intersected with
acidic and basic dykes. EL Masry et al. (2003)
indicate the presence of ring-dyke at the Gebel
Laig area with younger granitoid rocks.

Granitic rocks

Granitic rocks have wide areal extension at
Wadi Nasab, Wadi Ramthy, Wadi Dahab and
Wadi El Ghaieb. Hassen et al. (2004) and EL
Masry et al. (2003) divided the granitic rocks
in the study area into late kinematic and past
kinematic rocks which is substantially equiva-
lent to older granitoid and younger granitoid
rocks. The two groups of older and younger
granitoids (Tab. 1) include the EGSMA dif-
ferentiation of the granitic rocks into monzo-
granite, alkali granite, granodiorite and quartz
diorite.

The mineral composition of younger gra-
nitic rocks is quartz and K-feldspar, plagio-
clase, hornblende and biotite, zircon, apa-

Tab. 1: Granitic rock types in the Dahab basin
area.

Types of Occurring Forming
granites rocks minerals
older granodiorite, quartz, plagio-
granitoid | quartz diorite, | clase, hornblende,
diorite pyroxene
younger | alkali granite, | quartz, K-feldspar,
granitoid | monzogranite | plagioclase, biotite

T

Fig.2: Geological map of the Dahab basin
(adopted from EGSMA 1994).

tite, sercite (kaolinite) and opaque minerals.
The older granitoids are mainly composed
of plagioclase feldspar, K-feldspar, micro-
perthite, hornblende, biotite, and quartz. Zir-
con, sphene, apatite and opaque minerals are
among the accessory components. Weathering
of hornblende, biotite and plagioclase leads to
form clay mineral (EL Masry et al. 2003).

Metamorphic rocks

Metamorphic rocks in the study area are dis-
tributed along Wadi Saal, Wadi Ramthy and
Wadi Zaghraa. SorLiMaN (1986) and HASSEN
et al. (2004, 2007) mapped the metamorphic
rocks at Wadi Saal and Wadi Zaghraa-Ramthy.
They differentiated these rocks into metasedi-
ment, basic metavolcanic, acidic metavolcan-
ic and metagabbro. The metamorphic belts
are intruded by syn (older) and late (younger)
granitoids and gabbroic rocks. Metasedimen-
tary rocks consist mainly of phyllite, metasilt-
stone, metaconglomerate and volcanogenic
sediment, whereas the metavolcanics include
a wide variety of metamorphosed rock types
such as andesite, dacite and rhyolite associat-
ed with minor basaltic bodies (HASSEN et al.
2007).

3.2 Phanerozoic Rocks

Phanerozoic rocks cover the northern part of
study area. Their outcrops expose mainly at
the scarp of Gebel El Gounah and the north-
ern Part of Wadi El Ghaieb, as well as mi-
nor exposures at Wadi Saal and Wadi Genah
(Fig.2). They are represented by a number
of geological formations arranged from the
oldest to the youngest as: 1) Cambrian rocks
consist of laminated sandstone with interca-
lations of clay and ferruginous bands. They
unconformable overlay the basement rocks,
are coarse-to-medium-grained, weakly indu-
rated to friable, and include kaolin matrix. 2)
Lower cretaceous rocks consisting of grey and
violet coloured pebbly and granular sandstone
intercalated with kaolin in the upper part and
impregnated with iron oxides at the top parts
of the sequences. 3) Upper cretaceous rocks
have yellow beds of fossiliferous sandstones,
dolostones, limestones, marls, and glauconitic
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shales with pelecypod moulds, echinoids, and
trace fossils of horizontal burrowings. The
top of this formation constitutes a thick car-
bonate sequence of limestone, marl and dolo-
mitic limestone, with thin inter-beds of silty
claystone and yellowish-orange, fine-grained
sandstone (Kora & GeNEDI 1995). Upper cre-
taceous rocks are mainly exposed at Wadi El
Ghaib and Gebel EI Gounah Scarp.

Mineralogically, the lower cretaceous rocks
are mainly composed of quartz and kaolinite
with a minor amount of calcite. This helps to
distinguish them from upper cretaceous rocks
in which the amount of calcite is high. A high
degree of similarity exists in the mineral com-
position of cambrian rocks and the clastic part
of lower cretaceous rocks especially with re-
spect to quartz and kaolinite minerals. But
the cambrian rocks are more ferriginated than
lower cretaceous rocks, which allows differ-
entiation between them.

4 Methodology

Lithological mapping may be carried out on
the computer screen by human interpretation
of the images. This is a promising way in par-
ticular if the human operator is very experi-
enced. To increase the degree of automation
within the mapping process the tools of image
classification can be employed. The human op-
erator is still a key factor for the mapping suc-
cess as he will be involved in selecting prop-
er training areas for supervised classification
by taking advantage of existing maps or field
visits. The digitized training regions are used
to determine statistical parameters for classi-
fication. For the well-known maximum like-
lihood classification these are the mean vec-
tors and covariance matrices for each training
class. In maximum likelihood classification,
all pixels are evaluated and assigned to the
class of highest probability. Maximum likeli-
hood classification of the entire study area in a
one step process has been found to be not op-
timal. The mineral compositions the sedimen-
tary rocks with sandstone of cambrian rocks
and of lower cretaceous rocks are similar to
the mineral compositions of granite rocks.
Therefore, the analysis of the northern part of
study area, which includes sedimentary rocks,

is separated from the analysis of the southern
part where the basement rocks are forming the
main rock component.

The proposed overall process flow for cre-
ating a lithological map of the Dahab basin is
shown in Fig. 3. The basic idea of this process
flow is to use the prior knowledge of the exist-
ing EGSMA map to guide classification of the
rocks. With this knowledge supervised classi-
fication will be specifically applied to the in-
put image data for a certain area. According to
the EGSMA map the phanerozoic rocks main-
ly cover the northern part and basement rocks
dominate in the central and southern part of
the Dahab basin. For the primary differentia-
tion of phanerozoic rocks and basement rocks
our process follows the proposal of ABDEEN et
al. (2001). Spatial separation between north-
ern part and central part is done by manual
digitization using ASTER band combination
7-3-1.

In each of the two regions band ratio im-
ages are used as input for supervised classifi-
cation of different rock types. For this purpose
some band ratios which have been successful-
ly used by other researcher are used. In addi-
tion, a new ASTER band ratio stacking (8/5,
4/8, 11/14) is introduced. The training areas
for the maximum likelihood classification are
selected on the basis of existing geologic maps
together with supporting field visits. As a part
of this study, field visits at 23 locations of the
study area have been undertaken. However,
the idea to use the field mapped data as refer-
ence was rejected because of the small sample
size. Therefore, the geologic maps are further
used as references for evaluating the accuracy
of the classification result.

Band ratioing has been widely used for
lithological mapping due to its proven ability
to produce distinct grey tones of imaged ma-
terials in certain ratios. A band ratio is cre-
ated by dividing the digital number (DN) of
one band by the corresponding DN of another
band for each pixel (Drury 1987). The major-
ity of fractional values are between zero and
two or three. Thus, for visibility reasons the
ratios are often rescaled to produce ratio imag-
es with higher contrast. Another well-known
effect of ratioing is the reduction of the impact
of shadow in the ratio images. Which band
ratio is particularly suitable for enhancing a
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certain rock type or mineral depends on the
dominance of the mineral in the reflected data.
Spectral signatures give useful hints to decide
about the bands used for ratioing. Combina-
tions of three band ratio images can be visual-
ized as colour composites. Features or miner-
als show up in distinct colours in these stacked
ratio images. The question of which band ra-
tios or band ratio stackings enhances the vis-
ibility of a particular rock type is analysed and
discussed extensively in the next section.

The processing flow (Fig. 3) points out the
different band ratio images used for maximum
likelihood classification. In the northern part
of the basin the mapped classes are cambrian
rocks, upper cretaceous and lower cretaceous
rocks, granodiorite and wadi deposits. In the
central and southern part of the basin there are
the metamorphic rocks with metavolcanic, ba-
sic metavolcanic, acidic metavolcanic, meta-
sediment, phyllite and metagabbro. Wadi de-
posits are also taken into account in particu-
lar for comparison reasons with the reference
map. For the igneous rocks as the other major
group in the central and southern part of the
study area the rock type classes granodiorite,
alkali granite, monzogranite are mapped by
image classification. Ring dykes are visually
recognizable in the image. Supported by field
visits they have been digitized interactively.
In classifying this group of igneous rocks the
metamorphic Feirani metavolcaniclastic rocks
are added for comparison reasons with the ref-
erence map.

A post classification smoothing of the clas-
sification results is carried out by majority fil-
tering and with the suppression of very small
areas. The results of the lithological mapping
process are the data found by vectorisation of
the post processed classification maps.

The classification accuracy assessment is
the last step in the overall processing flow
(Fig. 3). For assessing the derived map quanti-
tatively the error matrix method is used which
compares the classification map against a ref-
erence. Ideally a representative sample of field
mapped ground truth data are used as refer-
ence data. Due to the lack of suitable ground
truth data the existing geologic maps are used.
The EGSMA map is used as reference in the
northern part of the basin. The more detailed
map of Hassen et al. (2007) is used as refer-

ence in the areas of Wadi Saal and the Wadis
Zaghraa and Ramthy. The map of EL MAsry
(2003) is taken as reference in the areas of
Wadi Nasab, Wadi El Ghaieb und Wadi Fei-
rani. The limitations of this accuracy analysis
are obvious; the error matrix provides infor-
mation about how well the classification map
and the existing maps coincide.

5 ASTER Data Analysis,
Classification Results and
Discussion

The usefulness of Landsat ETM band com-
bination 7-4-2 for geological mapping in arid
regions and the far-reaching consistency of
this band combination to ASTER band com-
bination 7-3-1 are pointed out by ABDEEN et al.
(2001). Fig. 4 left shows ASTER band combi-
nation 7-3-1 in which the metamorphic rocks
appear in greenish and reddish colour, the gra-
nitic rocks as light yellow to light brown, the
sedimentary rocks as white colour, and the
wadi deposits as light grey colour. A manual
mapping result of the wadi deposits is shown
in Fig.4 right. This vector layer of the wadi
deposits will be used as overlay in other fig-
ures to simplify visual orientation.

5.1 Central and Southern Part of the
Dahab Basin: Igneous Rocks

A new band ratio stacking with the ratio im-
ages (8/5, 4/8, 11/14) is used for differentiation
between younger granitoids and older grani-
toids in the central and southern part of the
study area. For a better understanding of this
stacking the band ratio images are discussed
in the context of the spectral signature of the
dominant minerals.

Band ratio 4/8: Alkali granite appears dark,
monzogranite grey, older granitoids show
light grey to bright colour (Fig. 5A). The light
colour of older granitoids is due to alteration
products of hornblende and plagioclase into
chlorite and clay minerals, whereas the pres-
ence of biotite and K-feldspar minerals in al-
kali granites (EL Masry et al. 2003) produces
a dark colour in band ratio 4/8. The dark col-
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Fig. 3: Overall process flow for lithological mapping of the Dahab basin area (* is a metamorphic
rock, ** is an igneous rock, * are not introduced into ML classification).
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Fig. 4: Left: band combination 7-3-1 of Dahab basin area; right: map of the wadi deposits.
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our is a consequence of the lower reflectance
in band 4 (Figs. 5 B and C).

Band ratio 8/5: Younger granitoids appear
as light grey and older granitoids as grey col-
our (Fig. 6A). In band ratio image 8/5, Feirani
metavolcaniclastic rocks show dark grey col-
our. This is due to the presence of biotite and
K-feldspar in addition to the alteration prod-
ucts of hornblende and plagioclase into clay
minerals. Rocks rich in feldspar commonly
weather to kaolinite. Fig. 6B shows an absorp-
tion feature of kaolinite near band 5 thus the
high 8/5 band ratio values indicate younger
granitoids. On the other hand, dark grey and
grey colours of old granitoids and metamor-
phic rocks are due to the absorption proper-
ty of chlorite (Fig. 5C), which leads to low 8/5
band ratio values.
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Band ratio 11/14: Younger granitoids appear
as dark colour, older granitoids show light
grey to bright colour (Fig. 7). The dark colour
of younger granitoids may be interpreted by
their high ability to reflect the sun radiation on
their light coloured surfaces, and hence they
represent cooler surfaces which appear dark in
the band image. In contrast, older granitoids
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Fig.5: A: band ratio 4/8 image; B: spectral signature of biotite; C: spectral signature of chlorite

(CLARK et al. 2007).
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Fig.7: Band ratio 11/14 image.

absorb more sun radiation and get warmer
than other rock types and hence appear bright-
er in the band image.

In experiments with different band ratio
stackings, we found that the colour compos-
ite (8/5, 4/8, 11/14) reveals subtle differences
between the younger and older granitoids.
Fig. 8A shows alkali granites that appear in
red colour, monzogranites and acidic volcan-
ic which show up in pink colour. The Feira-
ni group appears as light green whereas older
granitoid looks green and purple. The visual
comparison of this new stacking with the ratio
stack image (8/5, 5/4, 7/8) used by MEepant &
Emam (2009) in the El Hudi area of southeast-
ern desert in Egypt shows its strength with re-
spect to the discrimination of younger grani-
toids. Alkali granite and monzogranite rocks
are much better discriminated in the new
stacking. But with respect to older granitoids
(granodiorite and Qz diorite) the MEpaNI &
Emam (2009) stacking seems to be a bit more
favourable.
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The colour composite of the single band ra-
tios is used for defining the training areas of
the four rock classes alkali granites, monzo-
granites, Ferani metavolcaniclastic, and old
granitoids. For each class several (minimum
4) training areas are selected to get representa-
tive samples. In Fig. 10B the maximum like-
lihood classification result of the four rock
classes is shown together with the wadi depos-
it layer. Alkali granites are colourized in red,
monzogranites in pink, Ferani metavolcani-
clastic in light green, old granitoids in dark
green and wadi deposits in yellow.

For the accuracy investigation of the classi-
fication result the geologic map of EL Masry et
al. (2003) is used as reference. This local area
map was generated based on detailed field
work and covers the Gebel Feirani area. Fig. 2
shows the location of the Gebel Feirani area
at the downstream part of the Dahab basin.
In addition to alkali granites, monzogranites,
and Feirani metavolcaniclastic, the EL MAsSrRY
map includes granodiorite, Qz-diorite, and to-
nalite. The latter two cannot be distinguished
from granodiorite by image -classification.
Therefore, the prevalent granodiorite is intro-
duced as a class on its own. Ring-dyke is in-
teractively mapped because it is visually rec-
ognizable by its dyke-like body (Fig. 8). It has
the same composition as alkali granites thus
belongs to this class in the classification map.

The quantitative comparison between the
results of the classification map and the refer-
ence map is summarized by the error matrix
in Tab. 2. Reference data are selected from the
reference map for the raster locations defined
by the classification map. The procedure for

Fig. 8: A: stacked band ratio image (8/5, 4/8, 11/14); B: ML Classification using the stacked band

ratio image (8/5, 4/8, 11/14).
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Tab. 2: Accuracy evaluation of the classification map for igneous rock types.
Class types from the reference map
2 g Pixels Ferani Grano | Alkali Monzo | Total User’s
S Accuracy
2 E Feirani 393 47 0 5 445 88%
% é Granodiorite 81 392 8 3 484 81%
Eé % Alkali Granite 0 5 775 18 798 97%
03 Monzogranite 1 13 177 413 604 68%
Total 475 457 960 439 2330
Producer’s Accuracy 83% 86% 81% 94% 85%

selecting samples in each category follows the
stratified random sampling strategy. For each
class in the classification map 4 to 5 samples
are taken as reference data.

The results indicate an overall accuracy of
85%. Apart from the user’s accuracy of 68%
for monzogranite the user’s and producer’s ac-
curacies of the other classes are all above 80%.
The interfering contacts between monzogran-
ite and alkali granite lead to a fairly high mis-
classification of monzogranite with the conse-
quence of a low user’s accuracy for this class.
Similar is the situation for the Ferani metavol-
canics and the granodiorite but with less sig-
nificant consequences for the user’s accuracy.

5.2 Metamorphic Rocks
The band ratio stacking (4/6, 4/7, 4/10) shows

the metavolcanic (metatuffa) rocks in green-
ish yellow and the basic metavolcanic rocks in

reddish brown colour. The acidic metavolcan-
ic rocks show up by light violet colours, the
metasediment phyllite rocks in light green, the
younger granitoid rocks have dark blue colour
and the light blue colour refers to old granitoid
rocks (Figs. 9 A and B).

Training areas have been defined in the col-
our composite (4/6, 4/7, 4/10) by following the
same procedure described already in section
5.1. The classification is carried out for seven
classes of rock units. Fig. 10 shows the clas-
sification results for Wadi Saal (Fig. 10A) and
Wadi Ramthy (Fig. 10B). Metavolcanics is col-
ourized in blue, basic metavolcanics in purple,
acidic metavolcanics in light green, metasedi-
ments (phyillite) in dark green, younger grani-
toid in red, older granitoid in pink and meta-
sedimentary rocks (in Wadi Ramthy only)
in dark green. Wadi deposits have been also
introduced into classification and show up in
yellow in the classification map.

P )

Fig. 9: Stacked band ratio (4/6, 4/7, 4/10) images; A: Wadi Saal area; B: Wadi Ramthy area.
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For the accuracy investigation the classifi-
cation maps are compared to the geologic map
created by HasseN et al. (2007) based on field
observations. This geologic map covers the ar-
eas of the Wadis Saal, Zaghraa and Ramthy.
The error matrix found by stratified random
sampling is listed in Tab. 3.

The overall accuracy of 83% confirms the
good matching between the classification map
and Hassen’s reference map for both wadis.
The error matrix (Tab. 3) has quite some simi-
larity to the error matrix found for the classi-

fication of the igneous rocks (Tab. 2). The pro-
ducer’s accuracy is fairly high between 79%
and 96% for all classes. The user’s accuracy of
66% for metasedimentary rocks suffers from
misclassification with metavolcanics and ba-
sic metavolcanics rocks. The small outcrops
of acidic metavolcanics, metasediments, wadi
deposits, and older granitoids produce a lot of
uncertainty with respect to the other classes
which results in user’s accuracies between
66% and 76% for these classes.
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Fig.10: ML classification of stacked band ratio (4/7, 4/6, 4/10) images; A: Wadi Saal; B: Wadi

Ramthy.

Tab. 3: Accuracy evaluation of the classification map for metamorphic rock types.

Class types from reference source
Pixels met_vol | met_ba | met_ac | met_sed | wd |young| old | Total User’s
o - - - - Accuracy
E Metavolcanic 281 23 1 0 0 0 1 306 92%
= .
£ Basic |y 181 0 2 30 0 | 0 |235] 7%
S | metavolcanic
=
¢ Acidic 3 11 56 0 1 30 0 | 4| 6%
< | metavolcanic
% Metasediment 8 11 1 41 1 0 0 62 66%
S
= R
g | gvad 5 2 1 3 02| 1 | 0 | 40| 70%
s eposits
g | Younser 0 0 4 o | o | o | 7| 9%
= granitoid
Q
Older 0 0 2 0 0 | s | 22| 2 | 7%
granitoid
Total 346 228 65 46 33 82 23 | 823
9
Producer’s 81% | 79% | 86% | 89% | 85% | 89% | 96% 83%
Accuracy
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5.3 Northern Part of the Dahab
Basin: Sedimentary Rocks

Band ratio 7/6 can be used to differentiate
sedimentary rocks with respect to carbonate
minerals, in particular calcite and aragonite
which are the main components of limestone
(upper cretaceous) rocks. The absorption fea-
tures of calcite near band 7 (Fig. 11B) together
with its high reflectance in band 7 produces
the dark appearance of the cretaceous rocks in
Fig. 11A. The cambrian rocks appear as bright
colour, whereas the granites appear as darker
grey tone.

Alternatively band ratio 6/4 can be used to
discriminate between different classes of sed-
imentary rocks. Quartz with kaolin (altered
to clay) together with iron oxide are the main
minerals of cambrian rocks which lead to dark
colours in this band ratio because of the ab-

sorption feature of kaolinite near band 6 and
the high reflectance in band 4. Upper creta-
ceous rocks show up in grey and granites ap-
pear in bright tones in band ratio 6/4 (Fig. 12).
A visual comparison of the 7/6 versus the 6/4
band ratio indicates that the discriminative ef-
ficiency of 7/6 ratio is higher than that of the
6/4 ratio. Therefore, the analysis focused in
analysing band ratio 7/6. A joint use of both
bands would have been possible but was not
pursued in this analysis.

Supervised classification including post
classification smoothing and vectorization is
carried out by taking band ratio 7/6 as input
image. In the classification map, upper creta-
ceous rocks is colourized in red and lower cre-
taceous rocks in light green. For granites vio-
let and for cambrian rocks blue is used. Wadi
deposits appear yellow in the classification
map (Fig. 13).
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Fig.11: A: band ratio 7/6 image of the northern part of Dahab basin area; B: spectral signature of

calcite (CLark et al. 2007).

]
"; & E v et | Garems
2 iy DB Uppes Comarinss Baitn [ Camioes Moeki
oy T el " S0 Lowsr Crencecss Racen
Wy TR R B T

Fig.12: Band ratio 6/4 image of the northern
part of the Dahab basin.

Fig. 13: Supervised classification of band ratio
7/6 image of the northern part of Dahab basin.
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Tab. 4: Accuracy evaluation of the classification map for phanerozoic rock types.

Class types from reference source
. Up. Low. User’s
- Pixels Camb. Cret. wd Cret. Gran. | Total Accuracy
<
s E Cambrian rocks 191 0 0 0 23 214 89%
@ S
=
28 | Upper Cretaceous 0 97 0 6 0 103 94%
bl
g § Wadi deposits 0 0 994 2 13 1009 99%
(A
2 | Lower Cretaceous 0 12 1 131 3 147 89%
Granites 1 0 36 2 111 150 74%
Total 192 109 1031 141 150 | 1623
Producer’s Accuracy 99% 89% 96% 93% 74% 94%

For the accuracy investigation the geologi-
cal map provided by EGSMA (1994) is used as
a reference. The overall accuracy is quite high
(94%, Tab.4). User’s and producer’s accura-
cies of 89% to 99% indicate a high agreement
of the classification map and the reference.
The only exception are the granitic rocks with
a user’s and a producer’s accuracy of 74%.
Granitic rocks and alluvial wadi deposits are
in contact with each other which is probably
the main reason for this lower accuracy.

The final geological map of the Dahab ba-
sin created according to the proposed process
flow (Fig. 3) is shown in Fig. 14. It comprises
19 classes of phanerozoic, metamorphic and
igneous rocks. Apart from the ring dykes all
other classes have been created by supervised
image classification followed by post classifi-
cation smoothing and vectorization of the ras-
ter data.

6 Conclusion

The investigations on the suitability of AS-
TER data for lithological mapping have led
to the development of an overall processing
strategy for mapping granitic rocks, metamor-
phic rocks and sedimentary rock in Wadi Da-
hab basin. The goal to develop a classification
based approach in which only minor interac-
tive digitization is included is fully achieved.
Interactive digitization was used to separate
the northern and the central and southern part
of the basin as well as for the mapping of the

ring dykes. The study shows the suitability
of maximum likelihood classification taking
various band ratios and band ratio stackings
into account. Through classification different
types of granitoid rocks (monzogranites, alka-
li granites, granodiorites), metamorphic rocks
(metasediments and metavolcanics) and phan-
erozoic rocks (cambrian, lower cretaceous,
upper cretaceous rocks and loose wadi depos-
its) have been differentiated. For checking the
quality of the classification map an accuracy
assessment is carried out. For this purpose an
error matrix is determined which compares
the classification map with respect to existing
geologic maps.

As a part of the development a new band
ratio stacking (8/5R, 4/8G and 11/14B) is pro-
posed for differentiation of younger granitoids
(monzogranites and alkali granites) and older
granitoids (granodiorite) in the Dahab area.
Alkali granite and monzogranite rocks are
very well discriminated by the new stacking.
With respect to older granitoids (granodior-
ite, Qz diorite and tonalite) MEDANT & EmMam
(2009) stacking seems to be still more favour-
able. For the discrimination of different met-
amorphic rock types our procedure follows
the proposal of Gap & Kusky (2007) by ap-
plying the band ratio stacking (4/6R, 4/7G and
4/10B). The phanerozoic rocks in the northern
part of study are diffentiated using the (7/6)
band ratio.

The accuracy investigations of the classifi-
cation results are carried out with respect to
the geological reference maps published by
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Hassen et al. (2004), EL Masry et al. (2003)
and EGSMA (1994). The calculated error ma-
trices indicate overall accuracies between 83%
and 94%. Altogether this underlines that the
created lithological map fits reasonably well
to the existing maps which have been mainly
created by field work. The created lithological
map adds some rock units to the general geo-
logical map of EGSMA. Added are ring-dykes
at Wadi El Ghaieb, acidic metavolcanics, ba-
sic metavolcanics and metasediments at the
Wadis Saal, Zaghraa and Ramthy and meta-
sediments at Wadi Ramthy. Alluvial wadi de-
posits are also included in the final lithological
map as shown in Fig. 14.
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