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Abstract Remote sensing ASTER-SWIR data and air-
borne geophysical techniques are cost effective and accu-
rate mapping tools for mineral exploration and
environmental mapping, compared with the conventional
geological methods. In the present work, the ASTER data,
airborne gamma ray spectrometry and magnetic techniques
were applied for mapping alteration and/or mineralization
zones in the granitic rocks of Gabal Dara area. In addition,
the natural dose rate was calculated and compared with
stream networks and structural lineaments to define the
potential hazards caused by anomalous distribution of
natural radioelements. In Gabal Dara area, Syeno-granite
unit was considered as a mapping target due to the high
concentration of radioactive materials as indicated from
gamma-ray spectrometry data. Remote sensing techniques
and airborne geophysical data analysis through GIS based
modeling were jointly applied in a mineral exploration
context to identify radioactive rich potential areas in the
considered area. The obtained results illustrate the effi-
ciency of the integrated methodological approach as an
effective tool to provide information on alteration minerals
which are valuable for mineral exploration activities and
support the role of ASTER VNIR-SWIR and airborne
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geophysical data integration as a very effective tool and
robust image processing technique for that purpose. The
constructed vector maps can be used as a guide for further
follow-up of radioelement and mineral exploration works
and for environmental monitoring in the area.
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Introduction

The use of remote sensing technology and airborne geo-
physical techniques in geological mapping and mineral
exploration has been very successful in pointing out the
presence of alteration minerals such as chlorite, kaolinite,
sericite, hematite and illite, which are important in the
identification of hydrothermal alterations and radioactive
mineralization. In addition, integration of these techniques
is helpful in identification and delineation of various land
forms, flood hazards, lineaments and structural elements
which are related to environmental mapping (Javed and
Wani 2009). Alteration in the form of anomalous clay and
other minerals (illite, kaolinite, chlorite), and geochemical
enrichment in uranium and pathfinder elements, tend to
form haloes in the overlying rocks, which are useful in
exploring for buried deposits (Boyel 1979; Berger and
Henley 1989; Cuney 2009). These mineral assemblages
and other minerals are common in the granitic massive of
Gabal Dara area in the Egyptian Eastern Desert which is
considered as a case study in the present work (Fig. 1).

A cooperation effort between NASA and Japan’s Min-
istry of Economic Trade and Industry (METTI) has yielded a
sensor, known as the Advanced Spaceborne Thermal
Emission Reflection Radiometer (ASTER). ASTER is an
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Fig. 1 Base and shaded color topographic maps of Gabal Dara area, Eastern Desert, Egypt

advanced multispectral imager covering a wide spectral
range (14 bands) from the visible near infrared (VNIR) to
the thermal infrared (TIR) of electromagnetic spectrum.
VNIR-SWIR (nine bands) spectral analysis techniques
have been successfully applied for mapping and discrimi-
nating lithologic units and hydrothermal alteration pattern
in well exposed areas as in the present case study (Rowan
and Mars 2003). Spectral identification of potential areas of
hydrothermal alteration minerals is a common application
of ASTER to mineral exploration. The extraction of
spectral information related to this type of target from
Landsat Thematic Mapper (TM) imagery has been
achieved through the use of image processing techniques
such as band ratio and principal component analysis, PCA
(Sabine 1999; Crosta et al. 2003). ASTER channels are
more continuous in the short wave infrared region than
those of Landsat (Gupta 2003; Zhang et al. 2007), which
increase their accuracy in the spectral identification of
rocks and minerals (Crosta et al. 2003). For this reason, the
ASTER data are more advanced compared with other
sensors for lithological mapping (Carranza and Hale 2002;
Gad and Kusky 2006, 2007; Zhang et al. 2007,
Raharimahefa and Kusky 2009; Elsaid et al. 2014; Bharti
and Ramakrishnan 2015).

Alternatively, airborne gamma-ray spectrometry and
magnetic data can be used as one of the powerful tools in
geological mapping, especially in areas of high terrain
complexity. The conventional approach to the acquisition
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and processing of airborne gamma-ray spectrometric data
is to monitor three relatively broad spectral windows
(IAEA 2003). These three elements are used for the mea-
surement of K, U and Th concentrations. Additionally, the
total count window (TC) gives a measure of the total
radioactivity. In the anomalous radioactive areas, the
radioactivity of soils is essential for understanding changes
in the natural radiation background (Sroor et al. 2001;
Chiozzi et al. 2002). The natural radioactivity of soil and
sediment depends on the soil and sediment formation and
transport processes.

The integration of ASTER satellite data analysis, air-
borne gamma-ray spectrometric and magnetic techniques is
fast and economic methods that have been used in envi-
ronmental mapping and mineral exploration (Daviz and
Guilbert 1973; Crowley et al. 1989; Rowan et al. 1996;
Minty and FitzGerald 2015). In the present work, the
ASTER and airborne gamma-ray spectrometric and mag-
netic data are used and integrated for mapping miner-
alogical patterns and radioactive mineralization zones in
Gabal Dara area, Eastern Desert of Egypt (Fig. 1). Princi-
pal component analysis (PCA) and feature oriented prin-
cipal component selection (FPCS) were applied to ASTER
bands covering the SWIR with the objective of mapping
the occurrence of alteration end members related to the
obtained radioactive anomalous zones from gamma-ray
spectrometric data. The surface lineaments extraction from
space images was carried out and integrated with
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subsurface lineaments from magnetic data to outline the
alteration zones in the area. Radioactive distributions, lin-
eaments, and alteration zones were used as control factors
to construct a vector model which can be used as a guide
for further follow-up radioelement and mineral exploration
works in the area.

In addition, the exposure rate and dose rate values were
determined using airborne gamma-ray spectrometric data
and compared with active drainage basins and structural
lineaments to study the environmental impact of natural
radiation and understanding of the potential hazards caused
by anomalous distribution of natural radioelements.

Geological background

Gabal Dara area is situated, in the North Eastern Desert of
Egypt between latitudes 27°50’'N and 28°05'N and longi-
tudes 32°50'E and 33°05’E. It is essentially composed of
Younger (pink) Granites. Gabal Dara possesses an oval
shape, which represents an elongated belt of about 28 km
in length and an average width of about 25 km, trending
N-S direction and occupies an area of approximately
700 km? (Fig. 1).

Gabal Dara area is dominated by presence of both
igneous and metamorphic rocks of the basement complex,
with the exception of its northeastern corner, which is
mainly covered by sedimentary rocks. The exposed rocks
belong mostly to the Late Precambrian, early passing to
early Paleozoic, except the Phanerozoic Volcanics which
are Mesozoic age. These rocks are traversed by several
wadis filled with Quaternary alluvial deposits (El Shazly
1977).

The basement complex of the Precambrian age is rep-
resented by Metavolcanics, Metagabbro, Older Grani-
toides, Younger Granites and Phanerozoic cover of Nubian
Sandstones and alluvial deposits. Figure 2 illustrates the
surface geologic map of Gabal Dara area. This map was
reconstructed after Conoco Coral and Egyptian General
Petroleum Corporation, (EGPC 1987) by refreshing colors
and clarifying the geologic rock units.

The Younger Granites (Ga, Fig. 2) form the main
masses of Gabal Dara and considered as target for mapping
process in the present study. These granites are strongly
controlled by some major structures especially the NNW-—
SSE fault system which is parallel to the Gulf of Suez trend
(Shalaby 1985). The pink granites in Wadi Dara are
medium to coarse grained and composed of orthoclase,
plagioclase feldspars, quartz, biotite and rare hornblende.

Abd-Elmoneim et al. (1988) studied the geology and
radioactivity of Gabal Dara area. They mentioned that the
area is essentially composed of younger granites. The
marginal parts of Gabal Dara are characterized by the
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Fig. 2 Compiled geologic map of Gabal Dara area (Conoco and
EGPC 1987)

presence of numerous pegmatite bodies in which several
radioactive anomalies were recorded. The radiometric and
metallographic studies indicate that the high radioactivity
mainly of pegmatite bodies is mainly due to the presence of
euxenite mineral gains. In Gabal Dara area, the consider-
able parameters of the mineralized zones of veins and
veinlets make it possible to recommend the ore occurrence
for more detailed investigations using geophysical and
remote sensing data.

ASTER and geophysical data
Remote sensing ASTER data

The ASTER raw data are a raster file composed of a series
of layered data points across a grid that spans nearly about
4500 km?. Two scenes were used to cover Gabal Dara area
and its surroundings. Each ASTER scene covers an area of
60 x 60 km®. The visible-near infra-red (VNIR) bands
have a spatial resolution of 15 m, the short wave infra-red
(SWIR) bands have a spatial resolution of 30 m and the
thermal infra-red (TIR) bands have a spatial resolution of
90 m. The selected two ASTER scenes (level 1B) were
acquired in 15 May 2001. These scenes were treated by
several levels of pre-processing and enhancement tech-
niques such as atmospheric correction (FLAASH), and
mosaicking images. Radiometric corrections were applied
for ASTER data. Radiometric contributions from the
Earth’s atmosphere were removed to isolate the effect from
rock (Scheidt and Lancaster 2008; Matar and Bamousa
2013).
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The analysis of ASTER VNIR-SWIR bands data in the
present work aims to identify and separate the Younger
Granite then mapping the alteration minerals to define
relationship between the high concentrations of radioele-
ments and common alteration end members in this rock
unit. To achieve this goal, false color composite (FCC)
image and principal component analysis (PCA) techniques
were applied as the following.

Color composites image

The difference in energy levels within a single band (gray
scale) may not be obvious. So, comparing of spectral
characteristics of land features in multiple bands (color
composites) gives a better separation or contrast between
different land surfaces when displayed as red green blue
(RGB). Color composite images have been constructed
using combination three bands. The production of color
composite images based on known spectral properties of
rocks and alteration minerals in relation to the selected
spectral bands. Unlike the landsat ETM+ image, ASTER
does not have a real blue band and therefore, the created
RGB image does not look like a true-color image. To
create a color composite image of the area, the Optimum
Index Factor (OIF) was applied to select the optimum
combination of three bands in a satellite image using
ILWIS Open software. The best combination for litholog-
ical mapping is selected from the highest ranking OIF
calculated value. Figure 3 shows false color composite
(FCC) image of three bands (1, 2 and 9 with average
wavelengths 0.54, 0.66 and 2.395 pm, respectively) at the
highest OIF index. The selected FCC image clearly illus-
trates the rock units of the area and correlate with the pre-
mentioned geologic mapping (Fig. 2). In this image, the
Younger Granites could be easily identified forming the
main body of Gabal Dara.

Principal component analysis (PCA)

The principal component transformation is a multivariate
statistical technique widely used in image processing for
geological mapping that transforms a number of correlated
spectral bands into a smaller number of uncorrelated
spectral bands called principal components (Singh and
Harrison 1985; Loughlin 1991; Vincent 1997). Therefore,
principal component transformation (PC) helps to enhance
and separate certain types of spectral signatures from the
background (Ghulam et al. 2010). It is a well-known
method for lithological and alteration mapping in metalo-
genic areas (Crosta et al. 2003).

The PC-transformation was calculated for the VNIR-
SWIR nine bands then the PC3, PC2 and PCI1 as red, green
and blue composite image of the area was created as shown
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Fig. 3 False color composite, FCC image of bands 9, 2, I as R, G,
and B of OIF rank 2

in Fig. 4. Such image successfully discriminates and
characterizes the younger granites of Gabal Dara by the red
to pink colors, Monzo-granite by bluish green color, older
granitoides by bale violet color, metavolcanics by bale blue
color, Hamammat sediments bright color, Dokhan vol-
canics by bale green color, Tertiary Sediments by dark
green color and Quaternary Sediments by black color.

Airborne gamma-ray spectrometric data

In 1984, cooperation between the Egyptian General Petro-
leum Corporation, the Egyptian Geological Survey and
Mining Authority and Aero-Service Division, Western
Geophysical Company of America was formed, which
include an airborne magnetic and spectral gamma-ray sur-
vey over a huge part of the Eastern Desert of Egypt. Gabal
Dara and its surroundings was a part of this survey (Aero-
Service 1984). The traverse lines took N45°E direction, with
a spacing of 1.5 km approximately (Fig. 5). The tie lines
were perpendicular to the traverse lines (N135°E direction)
and spaced about 10 km. High-sensitivity 256-channel
(12 keV/channel) gamma-ray spectrometer system was used
with two detector systems for measuring the terrestrial
radiation and the atmospheric radon.
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Fig. 4 PCA3, PCA2, and PCALI as R, G, and B composite image of
the study area using the nine ASTER VNIR-SWIR bands

Fig. 5 Flight path of the airborne gamma-ray spectrometry of Gabal
Dara area (Aero-Service Report 1984)

Data processing includes two main categories such as:
sources of error and correction of spectral radiometric data.
The first one consists of scattering effects, background
effects, and atmospheric effects. On the other side the
second one, contain background effects, stripping ratio,

altitude correction and finally conversion to apparent
radiometric concentration.

Airborne spectral radiometric surveying of Gabal Dara
area provides valuable information for four parameters
(variables) namely: total-count of the gamma radiation
(TC, in pR/h), absolute concentrations of the three
radioelements: potassium (K40, in %), equivalent uranium
(eU, in ppm) and equivalent thorium (eTh, in ppm).

Figure 6 shows the spatial distributions and concentra-
tions of radioelements of Gabal Dara area. In these maps,
the boundaries of the Younger Granites can be easily
delineated due to the high concentration of radioelements.
On the other hand, all spectrometric maps illustrate the
boundaries of younger granites and other geological for-
mations are characterized by low values of natural
radioelement abundances. The major trend that could be
traced from the four radiometric maps is the NW trend at
Gabal Dara which is considered as anomalous area com-
pared with other rock types.

The total count map (Fig. 6a) shows three major general
levels of radiation, the high level (level 3 ranges from 9.5
to 19 pR/h) and is represented by the orange, red and
magenta colors; this range is correlated mainly with the
granitoid rocks (Ga and Gaw in the geological map of
Fig. 2). The intermediate level (level 2 from yellow to
bright green is ranging from 6 to 9.5 pR/h) and is repre-
sented by the green color to yellow. This range is corre-
lated with the Quaternary alluvial soils which received
huge amounts of annual floods through active drainage
networks crossing the anomalous granitic massive of Gabal
Dara. The lowest level in the northeastern corner ranges
from 2 to 6 uR/h represents Tertiary Sediments with the
pale blue to green color.

Potassium, Uranium and Thorium maps (Fig. 6b—d)
show great similarity with the total count map (Fig. 6a)
where the younger granite represents a clear anomalous
area. The concentration values in level ranges from (0.3,
3.6 %), (1.1-10.5 ppm eU) and (1.2-30.9 ppm eTh) for
potassium, uranium and thorium maps, respectively (all
values are multiplied by 10 to show relative variation of the
gamma radiation).

Airborne magnetic data

In the airborne magnetic survey, a Varian V-85 proton free-
precession magnetometer was used with a sensitivity of
0.1 nT. The base station magnetometer was a Varian VIW
2321 G4, single cell cesium vapour (Aero-Service 1984).
The magnetic measurements were subjected to diurnal and
International Geomagnetic Reference Field corrections to
drive the magnetic anomalies. The magnetic anomalies do
not appear vertically over the targets and are asymmetrical
in nature due to the dipole nature of magnetic field and

@ Springer



592 Page 6 of 12 Environ Earth Sci (2016) 75:592

(a) 3261E  32°54E 3X5TE  3FE  3F3I0E (b) 3251E  3254E  326TE  3FE  3FIE N

28°N
28°N

27°8T'N
27°5T'N

27°54'N
27°54'N

27°51'N
27°51'N

g —
() 3251€ 3254 3¥E ) (d) 32616 3264 3257E  33E  3330E N
A ' . B ) I
. z
8 s & s
& 1047 ® 083
599 1972
= 531 - 1601
g 82 ?ﬁ 1339
413 1189
= N 37 = 107.7
oh 36 "L’
S & 1003
04 w@s
72 802
z z
3 25 3 -
& g 675
o 27 N
\ 579
185
z = 496
- 143 =
g 2 02
11 o J
— el i 126
e O e (rpr)

Fig. 6 Spatial distributions and concentrations of radioelements of Gabal Dara area: a total count (TC in pR/h), b potassium (K; in %), ¢
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inclination—declination of Earth’s magnetic field. These
distortions in magnetic anomalies were removed using
reduction-to-pole (RTP) method.

The total magnetic field and RTP magnetic maps (Fig. 7)
show clearly three distinct zones. The first zone is located
around Gabal Dara and characterized by high magnetic
amplitude with NW-SE trend. As shown from the geologic
map (Fig. 2), this zone is conjugated with the older granite
and metamorphic rocks of Gabal Dara area. The second zone
encountered in the middle side of the study area. It is char-
acterized by low magnetic amplitude with oval shape NW-—
SE trend. This zone represents the younger granite of Gabal
Dara, Gabal El Ein and Gabal Riseis. Finally, low magnetic
values occur in the northeastern parts where lithologies
belonging to sedimentary cover. These observations may
suggest that most of the basement rocks in area are either
outcropping or extend to shallow depths.

In the RTP aeromagnetic map (Fig. 7b), the magnetic
anomalies are frequently related to fractures and align
themselves along definite axes forming trends. In other
words, the structural conditions of the area are reflected
significantly in the pattern, trends and intensities of mag-
netic anomalies appearing on aeromagnetic map. In this
case, trend analysis is an extremely significant technique in
the interpretation of geological features and mineralization
zones of Gabal Dara area. This method of analysis could
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reveal the directions (trends) of forces and their strengths,
as well as the mineralization emplacement and control.
Hence, in primary stages, mapping geologic lineaments are
important as long-range management for mineral explo-
ration, because of their potentials for harboring ore bodies
that are carried and deposited by ascending hydrothermal
fluids (Feizi and Mansouri 2013).

Near surface and deep seated structural lineaments were
detected from anomalies of the residual and regional
magnetic-component maps, respectively (Fig. 8). In addi-
tion, the surface lineaments were automatically extracted
from ASTER- Global Digital Elevation Model V2 (ASTER
GDEM V2) data using the PCI Geomatica software, lin-
eament extraction algorithm (PCI Geomatica 2013) as
shown in Fig. 9. ASTER GDEM has 15 m horizontal
spatial resolution where each scene consists of 4100 sam-
ples by 4200 lines, corresponding to about 60 km-by-
60 km ground area. Vertical accuracy is specified 95 %
confidence level with 20 m varying between 10 and 25 m
(ASTER GDEM Validation Team 2009).

The obtained results from magnetic and ASTER GDEM
techniques show a good correlation. The directional anal-
ysis of the automatically extracted lineament maps
revealed that NW-SE, NNW-SSE, E-W and N-S (in
descending manner) are common trends in the area, besides
NE-SW and NNE-SSW as a minor faulting trend.
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Fig. 7 Shaded color map of a total magnetic field and b reduced to North Pole (RTP) of total magnetic intensity field, Gabal Dara area
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Data analysis and discussion
Mapping of mineralization zones

The radioelement mineralization is controlled by the
abundance of some alteration minerals (e.g., hematite,
illite, seircite and chlorite) and the lineaments including
factures and deep seated faults where these lineaments are
considered as suitable pathways for mineralizing solutions
(Cuney 2009). To understand the significance of these
controlling factors on the radioactive mineralization in the
granitic pluton of Gabal Dara, the lineaments, common
endmember alteration minerals and radioactive abundance
maps were used to construct a mineralization model of the
anomalous radioactive granites as shown in Fig. 10. To
construct to this model, the converting of VNIR-SWIR was
used to identify the primary end member alteration min-
erals including chlorite, kaolinite, illite, alunite, epidote,
seircite, quartz, montmorillonite and hematite. The

@ Springer

constrained energy minimization (CEM) technique was
used to detect the abundance of the alteration minerals
using ASTER resampled Jet Propulsion Laboratory (JPL)
spectral library covering VNIR-SWIR spectral region. In
addition, structural lineaments from the aeromagnetic data
(residual and regional) were used with the abundance
radioelement maps (K%, eU and eTh). This model is
integrated in the variety of layers or employing combina-
tion of multi-source data to derive particular set of
observables used in target detection. These favorable fac-
tors for radioactive mineralization are used as input layers
to create the GIS based model and the considered area
classified using ArcGIS 10.2 software.

According to this integrating approach, four new sites
were suggested for uranium exploration, which have sim-
ilar conditions as the explored sites at Gabal Dara area. The
suggested sites are characterized by combinations of
hematite (oxidized minerals), kaolinite, illite and chlorite
with maximum radioactivity concentration and the highest
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Fig. 9 Surface lineaments automatically extracted from ASTER
GDEM data and directional analysis (rose diagram) of lineament
frequencies (N %) and that of lineament lengths (L %)

density of NW-SE faults/lineaments which are considered
as favorable trends for structural guided radioactive min-
eralization in the area. According to Brooknis (1982) and
Yu et al. (2010), these zones are favorable regions for
hydrothermal activities and altered radioactive mineral-
ization. Two sites at the north have high concentration of
kaolinite, montmorillonite with hematite and also have the
maximum account of radioelements at NW-SE major
trend. The middle site has high amount of radioelements
and high concentration of hematite with combination of
kaolinite and chlorite. Finally, the southern site has
hematite with sericite as a phyllic alteration zone and high
concentration of radioactivity. The Nuclear Materials
Authority (NMA) of Egypt conducted a comprehensive
exploration program in the southern site due to its priority
for radioactive mineralization based on the field
observations.

The obtained model yields the highest score in the
quantity and usability of airborne data collected. However,
further detailed ground gamma ray spectrometric

measurements along with mineralogical and geochemical
studies should be integrated with higher spectral resolution
imagery (like hyper spectral data) to delineate the miner-
alogical patterns of the suggested sites. Without any ground
surveys, the alteration mineral images are only a qualitative
representation of the true composition of the area.

Environmental mapping

In the radioactive anomalous zones such as in the granitic
pluton of Gabal Dara and its surroundings, the radioactive
minerals may occur either as residual or secondary deposits
in soils and tend to concentrate with coarse gravel in
streams, and in black sands on Gulf of Suez coast. Sec-
ondary deposits form due to the leaching of uranium from
minerals during chemical weathering where uranium is
mobile in groundwater and floods.

As indicated from geological map and composite ima-
ges, the anomalous granites in Gabal Dara are drained by
several streams such as Wadi Dara, Wadi Malaha and
Wadi Khorum. As shown in Fig. 11, these basins represent
separate drainage systems, which are active during rainy
periods in winter and fall. These basins flowing through the
alluvial plain of the area up the Gulf of Suez coast near Ras
Shokeir area, where there are many developing activities,
petroleum constructions and other industrial sites. Based on
flood hazard analysis and vulnerability map of the area,
Wadi Khorum and Wadi Karim in the northern parts were
classified as highly vulnerable for flood hazard and Wadi
Dara in the middle part is moderately flood hazard
(Youssef and Hegab 2005). These drainage systems are
structurally controlled and buried in the eastern sedimen-
tary plain towards the Gulf of Suez coast. The eastern
sedimentary plain receives a great amount of annual floods
coming from these drainage systems and passing through
the anomalous radioactive zones in Gabal Dara. In such
environment, the radioactivity of soils and groundwater in
the coastal plain is essential for understanding changes in
the natural radiation background.

The exposure rate and dose rate values were calculated
using airborne gamma-ray spectrometric data. The natural
radiation (exposure rate) is frequently referred to as a
standard for comparing additional sources of man-made
radiation such as atomic weapon fallout, nuclear power
generation, radioactive waste disposal, etc. To understand
the vulnerability of natural radiation levels in the area, the
drainage networks were set in background of the calculated
dose rate map and presented in Fig. 11. The mean natural
dose rates computed from the terrestrial gamma-radiation
range from 0.2 to 1.6 mSv/year. The dose rate levels still
remain in the safe side (<1 mSv/year according to
UNSCEAR 1988; TAEA 2005) and within the maximum
permissible safe radiation dose rate without harm to the
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individual except the high vulnerable zone of younger
granites (1.2-1.6 mSv/year) and fan of Wadi Khorum in
the northern parts as well as the some tributaries in the
middle part (Fig. 11). This high vulnerable zone should be
subjected for further follow up investigations to assess the
land and water uses and a dose monitoring program is
necessary. On the other hand, the alluvial fans of Wadi
Dara main stream and Wadi Malaha in the alluvial plain
represent low to moderately vulnerability between 0.7 and
1.2 mSv/year.

Conclusions

The granitic rocks in Gabal Dara, Egyptian Eastern Desert
are characterized by anomalous concentration of radioac-
tive elements. The analysis of airborne gamma-ray spec-
trometry and magnetic data aided to trace the anomalous
granitic pluton of Gabal Dara (Syeno-granite), which is
characterized by relatively high concentrations of

@ Springer

radioactive materials as Tc, eU, eTh, and K. The concen-
tration values in the area is varied from 9.5 to 19 puR/h, 2.8
to 3.6 %, 4.6 to 10.5 ppm eU, and 12.5, 30.9 ppm eTh for
total count, potassium, uranium and thorium maps,
respectively.

Application of several image processing methods to
ASTER data allows to distinguish the lithologic and
abundance of alteration minerals on the ground. FCC
image, PCA and CEM methods were applied on the
ASTER data to map the considered anomalous radioactive
granitic rocks. The applied techniques showed results
considered satisfactory with gamma-ray spectrometry and
magnetic maps.

In the present study, the analysis of ASTER data pre-
sents an approach to extract the alteration distribution
information in granitic massive of Gabal Dara for uranium
exploration and environmental mapping. Results indicate
that ASTER and the integration of the image processing
techniques with airborne geophysical data are very effec-
tive for the mineral exploration reconnaissance stages of
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vulnerability classification of the area according to the distribution of
dose rates

geologists. These methods provide a quick clue in target
detection and enables effective field planning. These
qualities make the integration approach between the air-
borne methods increasingly popular for assessment of
mineralization potential of the area, structural lineaments
extraction, distribution of pollutants and anomaly identifi-
cation. However, the accuracy of satellite-based optical
remote sensing techniques and airborne data needs nearly
ideal acquisition conditions such as clear weather, abun-
dant sunlight, no land cover, and low- level-flight for
gamma ray Sensors.

The trend analysis of lineaments based on satellite
imagery and aeromagnetic data displayed that, most of the
well-developed structural lineaments have the NW-SE and
NNW-SSE trends among the all maps. Therefore, these
trends represent the oldest trends in the study area and
could be related to hydrothermal mineralization zones.
Based on these results, four favorable zones for uranium
exploration have been delineated and outlined in the
younger granite of Gabal Dara. These zones cannot be
denied and need further ground follow-up detailed inves-
tigations. The analysis of multiple high-resolution datasets,
including hyper spectral imagery and ground-based

spectroscopic surveys can confirm the presence of
hydrothermal alteration in the suggested sites.

For the environmental mapping, the average dose rates
in the area have been calculated from the exposure rate
using the radioactive maps and range from 1.2 to 1.6 mSv/
year. These values still remain in the safe side and within
the maximum permissible safe natural radiation, except
younger granite of Gabal Dara and the alluvial fans of the
active streams. These results may be used as a reference
data for monitoring possible radioactivity pollutions in
future.
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