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Abstract

The Gharib area is sited between latitudes 28° 10-28° 01' 37" N and Longitudes 32°

55' 02"- 32° 38' 29" E, in the Eastern Desdfyypt, covers an area 5807, this area is
covered mainly by younger granites; The younger granite is considered astioaenost
important basement rock due to its economic value, where it used in different purposes
metallic purpose, and as raw material which are used for ornamental stones. Remote
sensing is an important and useful tool for mapping and detection oftialieranes,

which properly important for identifying ore deposits. ASTER imagery are reliable,
accurate and of good ability to assist geologists in mineral exploration stages. Using image
processing technigue such as band rationing method (bands radd24&8d 8/9 used for
hydrothermal alteration zones to detect gold occurrence, band ratios 4/5, 4/6 and 4/7 in
RGB Show the discrimination of hydrothermal alteration and band ratios 5/7, 3/1 and 4/3
show the iron gossan an irdpearing sulphide ore bodiegere gold are enriched in this
oxidation zone areaJ.he hydrothermal alteration zones are detected in the South western
side of the study area Gabel Gharib which located in the northern part in the Pan African
Belt, and by using Classification methodgls as SAM and MLC are used to make an up
to-date geologic map with scale 1:50,000. These methods Results in detecting gold
mineralization in the study are also verified that the methods are fruitful and could be
applicable elsewhere.
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1- Introduction deposits exploration is linked to distinctive

spectral properties of the image (Mars and

Remote sensing technology displayed ﬁowan, 2006; Di Tommaso and Rubinsten,
great role in mineral investigation and2007, Zhanget al, 2007; Kargi, 2007:

prospecting of ores. The ASTER _(theGabr et al, 2010). Geologists have an
Advanced Space borne thermal Em'ss'oﬁllcredible opportunity to be a target

and .Reflectlon Radiometer) |magery _usegotential for hydrothermal ore deposits
provides accurate information.

Reconnaissance of hydrothermal eor
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with remote sensing data which has beemnge from 8.12511.65 um in wavelength
enhanced after launching of ASTER. with spatial resolution 90m (Yamaguokt

. ) . . al., 1999; Abrams, 2000). Chart 1 show the
ASTER Is multispectral imaging S€NSOkesearch method taken in to achieve the

that measures reflected and emitteaeologic map and bandtio maps
electromagnetic radiation from Earth's

surface and atmosphere in 14 bandsese Precambrian rocks occupy about one tenth
bands are divided into three groups; threef the land surface of Egypt. They form
visible and near infrared (VNIR) bandsmountains terrains in southern Sinai and
ranging in wavelength between 0.52 anthe Eastern Desert as well as small, low
0.86 pm with spatial resolution of 15m; sixlying in lines in the southern parts of
bands of short wavelength infraredvestern Degse.
radiation (SWIR) ranging from 1.6 to 2.43

pum  with gatial resolution of 30m; 5

thermal infrared radiation bands (TIR)
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Figure 1) location map for the study area located in red spot.
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The Eastern Desert is divided into thre&lIMellaha area in the Northern part of the
sectors: Northern Eastern Desert (NED)astern Desert by iy the color raster
Central eastern Desert (CED) and theereradiometric total count map with the
Southern eastern Desert (SED), the studgterpreted lithologic and structural maps,
area is located in the NE(ig. 1), it could he observed a radioactive anomalous in the
be reached by an asphaltic road (Shieldtudied area which are controlled by
Fadet RasGharib road) 45 km to the westintersections of structural lineaments
of Ras Gharib city. trending along NS, N SW andWNW-

) ESE direction. It is clear that the previous
Harraz and ElSharkwy, (1997) studied theauthors have worked on the whole province

RasGharib granitoid rocks and observed & addition of rare remote sensing work

remarkable .trer.1d ,0f Mn - enrichment ',nhave done on the selected area which make
ilmenite, which indicate that the magmatiGy .« \vork is worthy to doThe study area is

process is controlling Mn distribon in known for quarrying purpose, ambthing
limonite. Mohamedet al (1999) stated that mentioned about metallic mineralization,

th.e province of Ras Gharib @s.trlct 'nCIUdeguarrying sites ar@resent in the extreme
wide surface areas of granitoid rocks th outh (Fg. 2) or above the area while

occur in the form of separate plutons anpnetallic mineralization is out of sight, so

large batholiths, the granitoid rocks can bfhis work is worthwihle in studying
divided mainly into a calalkaline suite of

granodiorite, monzogranite and
syenogranite, a trondhjemite suite, and an
alkali granite suite. They also mentione&' Geology of the study area

that  granodiorite  monzogrnaitt T papAfrican granitoids occupy a significant
syenogranite are widely distributed W'thportion of the Egyptian basement complex
moderate enrichment in the LREE angoih of latitude 26° N. In 1979. Dixon
LILE, the trondhjertic rocks are more mentioned that syrto late tectonic granites
silicic and occur as small irregular bodieggyer 34.6% of the Northern Eastern Desert
into the granodioritenonzogranite (NED) and 26.7% of the whole Eastern
association. Mostafa and Bishta (2005))agert (ED), while the younger post
used Landsat ETM+, data for Gabejectonic granites occupy about 35% and
Gharib Dara area in the northern part ok g 204 respectively. The region of interest

the eastern desert of Egypt and applied the |ocated in NED, where granitoid plutons
Geo Analyst PCI EASI/PACE software 10 coyer a wide area of the surface exposure

extract the lineaments digitally and

correlating lineaments density maps (LDMMost geological studies were mainly
with aeroadiometry total count countorconcentrated on the central anduth@rn
maps. They also mentioned that the studigerts of the Eastern Desert and little is
granitic rocks are of high density in bottknown about the north part. The study area
lineament ad lineament intersection. Theyis part of the northern extension of the late
also showed that younger granitic is thé&roterozoic basement in the Eastern Desert
only rock unit which has been classifie®f Egypt. (Mohamedet al, 1999; Abdel
into four sub lithologic units G1, G2, G3 Rahman, 1990, 1995; Abdel Rahman and

and G4. Bishta, (2006) studied EshMartin, 1990) proposed that the regional
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geological setting of this part of the Easteroharacterized by continental collisional
Desert has changed from primitive oceanitectonics (Burke and Sengor, 1987; Stern,
island arc to continental margin settindl994). Others are typical of accretionary
during the PafAfrican event; where The orogens (Kroneet al, 1987 and Windley,
PanrAfrican orogenic cycle has long beeril992). This was followed by continental
recognized as a period of major crustaéxtension and riftingaround the late
accretion, where continental, island, anéroterozoie Paleozoic boundary.
oceanic terranes were brought together thccordingly, the alkaline granite (Gabel
form the crystalline basement of the AfricaGharib pluton) is considered as-type
continent as part of late Neoproterozoigranite formed in a rift environment after
supercontinent (Urug, 1997), where somBanAfrican orogeny (AbdeRahman and
parts of he PaprAfrican orogeny are Martin, 199Q.
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Figure 2 geologic mamf study areadfter geologic survey of Egypt. 1984
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Figure 3)Up- to date geologic map.

is considered as th€he Geologic Survey of Egypt published a

beginning of the PaAfrican belt, covered geologic map in 184 (Conoco map) for the

by Basement

Complex.

The area imorthern belt of the Eastern Desert

occupied by different types of Calc including the study area (Fig. 2). This

alkaline granites with metagabbrdiorite geologic map show that the selected area
association, the cafalkaline granites are consists of 3 rock units which are arranged
intruded by numerousmall felsic alkaline from youngest to oldest as; Riebeckite

granitic intrusions. (Hegazy and-Ehazly granite (Gabel

Gharib), Alkalifdspar

2000). The selected area has rarely begnanite, Monzogranite, Dokhan volcanic,

investigated by previous authors especiallyonalite granite

in the field of geology and remote sensing association
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Hume (1935) studied the northe granite metasedimentary rock units, also it shows
of Gabel Gharib aalkali riebeckite granite, excellent correlation with those on the
while (Nower et al, 1990) studied the reference geologic map, Four alteration
younger granites of Egypt and d#ged minerals: alunite, kaolinitejmuscovite and

Gabel Gharib as strongly -¢pe alkali montmorillonite can be detected by
feldspar granite. The geologic map wasubpixel unmixing analysis of the ASTER
modified and processed using ASTER dateflectance data. (Gulam and Kusky, 2010)
by classification method, SAM and byused CEM technique in gold exploration
regulated field trip (Fig.B and they found that The CEM technique,

o did not perform well in conditions because
A new modification and homenclature weres o background signature is not easily

obser\{edlln the field ahcqnflrmed by detected, so it fails to indentify rare
classmcatlon. methods Wh!Ch are theminerals (e.g. secondary irgith parts of
metagapbraﬂonte §s§00|at|on, quartz. e alteration), using CEM when there is no
monzonite angranodiorite apparent difference between the target and

An extension for the metagabbro dioritdackground spectral signaturgs. (Amen
association was detected making a shafly» 2011) work on ASTER Imagery to
contact with Gabel Gharib riébeckite 0Cate and enhance alteration zones
granite) which makes a doubt of@ssociated with ore deposits and found that

mineralization zone in this area and it wa§CA, MNF and band ratieng results in
(Fig. 4). absolute correspond with previous workers

3- Remote sensing methodology

The remote sensing data used in this stut
are part of the cloud free scene level 1
ASTER data acquired on 2006. The imag
was brought tlough the Earth and Remote
sensing Data Analysis Center (ERSDAG
Japan), and was pgeo referenced to
UTM Zone 36N with WGS34 datum. The
ASTER image was then stacked so that &
14 bands have the samex15 m pixel size Figure 4: The Riebeckite granite (RG) intrudes
and then clipped to the study area sharply the miaggabre diorite association

. . (M-D).
Later on after processing, the image was

resampled. Nearest neighbor resamplglteration is commonly forms a halo
method was applied in order to prevenground the mineralization which probably
interpolation of the pixel values by usings larger than the deposit its€this halo is
the nearest pixel values (Amet al, 2010; consideed as the exploration target, the
Xianfeng, et al, 2007) show that the characterization of hydrothermal alteration
ASTER datawere capable of mappingis a keyto locate the main flow zones of
flood basalt, quartbiotite gneiss, hydrothermal system which may lead to the

muscovite schist, granitic, volcanic, andecognition of mineral deposits (Rajesh,
2004).
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3.1- Image Processing Table ) The MNF eigenvalues of the 14

The geologic map was modified after th&igenimages for the ASTER data of Gharib

. a
following Image processes were made an

these processes are: Bands | Eigen Eigen values | Cumulative
Values % %
Minimum Noise Fraction transformation 1 9031 3700 37
(MNF)
2 51.68 21.00 58
Noise iIs common on multlspectral Images.
3 17.33 7.00 65

Because it causes interference with the
identification of materials and with the [4 13.94 5.67 70.67
calculation of their abundance, it is
necessary to eliminate it in order to obtain
good spectra,Gharieb, 2010). The MNF |6 11.50 4.67 80.57
technique is used to reduce noise in

5 12.87 5.23 76

_ . 7 10.50 4.27 84.84
multispectral imageBoardman and Kruse
(1994) used MNF to determine the inherent| 8 9.92 4.03 88.87
dimensionality of image data, to segregate g 8.54 3.47 92.34
noise in the data and to reduce the

10 |5.43 2.20 9454

computational requirements for sdguent
processing. The MNF procedure is derived| 11 | 4.33 1.79 96.30
from PCA (principal component analysis)

A ) 12 | 368 1.49 97.79
but it is like ordering of components

according to image quality, (Gharieb, |13 |364 148 99.27
2010. 14 | 2.06 0.83 100

The MNF procedure was examined on
Resample data and three ssystem VNIR
and SWIR ad TIR separately, and the
eigen values of the 14 output bands a
shown in Table 1 with MNF eigenimages
are shown irFigures 5and6. Eigenimages E
with nearunity eigenvalues (less than 1) 4
are normally noiselominated and usually o
excluded from the data as noise in order
improve the subsequent spectral processi
(Jensen, 2005) The eigenvalues of t 2 A e e N2
MNF are from 2.6 to 90.6 and these values

to ShOW a decrease |n B@ n0|se ratlo Figure 5) Degradation if the Signal all along
the MNF components.

All the eigenvalues greater than 1 so all 14 _ _
bands of the ASTER data were retained foi-> Pixel Purity Index (PP1)

subsequent data processikggE5 and6).

To reduce the number of pixels to be
analyzed for endmembers determination
and to facilitate the separation of pure
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materials from mixed ones. The PPPPI image is formed in which the digital
determine automatically the relative puritynumber (DN) of each gel corresponds to
of the pixel from the higher order MNFthe total number of times that the pixel was
eigenimages (Boardman, 1993; Boardmafalling onto the ends of the unit vector in all
et al, 1995). The extreme pixels in eaclprojections. PPl was applied on the MNF
projection are recorded and the totaimage to select the most pure pixels, a
number of times eachixel is marked as 10,000 projection of the scatter plot and the
extreme is noted, a PPI is created in whictinreshold factor ©2.5 were applied on the
the digital number (DN) of each pixeldata (Figs. 7 and 8). These were
corresponds to the number of times that thenplemented to be used fordimensional
pixel was recorded as extreme, (Gharielvjsualization.

2010.

1001

Figure 8 Pure pixel in white color.
Figure 7) Pixel purity index.
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3.4- n-Dimensional Visualization 3.5- Spectral Angle Mapper (SAM)

The results of MNF and PPI used in the nThe SAM classification method was
D visualization to locate identify anddeveloped by (Kurset al, 1993). This type
cluster the purest pixels. The pixel valuesf classification is based on the spectral
of the selected eigenimagas displayed to characteristics that evaluate similarity
create then-dimensional feature plot. I between end member pixel and each of the
visualization is applied and the puresteference  spectra. This  similarity
pixels were clustered, these pure pixeldetermined by measuring the angular
were chosen to be used in the classificatiomariation between the pixel spectrum and
The MNF transform applied to the ASTERthe reference spectrum. Smaller angles
data achieved a reasonablsaparation of show close matches tohd reference
coherent signal from complementary noisespectrum

therefore the MNF transformed

eigenimages were employed and couple‘%lccording to Hegazy and El Shazly, (2000)
with pixel purity index anch-dimensional granitoids in Ras Gharib area are clearly

visualization technique used to facilitate thgﬁferent .|n their field, petrographic and
extraction of the endmember geochemical features, but they are- co

magmatically related. In the study area 6
Six major types of rocksjebeckite granite, types where recognized vdhi are different
guatz monzonite, granodiorite, tonalitetypes of granites; riebeckite granite,
granite, netagbbrediorite association and monzogranite, tonalite  granite and
metavolcanics. The profile of the spectrametagabbrediorite association, actually all
characterisation of these rocks ar@reviously mentioned types are granitic
presented relative to the band numbers iiype of comingling composition and of
Figure 9, the four image spectra derivedsimilar melting points in origin, which
from the n-dimensional endmembermeans that complete differentiation by
visualization procedure, depend on the fieldlassification methodswill be hard to
recogniation  for rock units, soreach. (Figl0) shows SAM classification.
identification could be based on the_
adsorption  value  appear  between..

units.

Endmember Collection Spectra

Riebieckite granite ]
I Quartz-monzonite granite
B Granodiorite ]
Il Tonalite granite

Metagabrro-diorite ass.

| Metavolcanics

Figure 10 SAM method for Ghraib area.

2 4 Bands 6 8 10

3.66 Maximum Likelihood classification

(MLC)
Figure 9 The spectral profile for the
investigated rocks relative to the ASTER bands.
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Maximum likelihood classification method probability. If the highest probability is
assumes that the statistics for each classsmaller than a threshold you specify, the
each band are normally distributed angixel remains unclassified. (Richards,
calculates the probability that a given pixel999) Figure 11 shows the ML@ethod

belongs to a specific class. o
4- Band Rationing

ASTER band rationing is a widely

applicable technique for geologic mapping

distinguished the gossan (iron oxide
minerals appear in white color), associated

with massive sulfide mineralization from

the hos rock by ASTER (4/2) band ratio

(Fig. 12); band ratio 4/5, 4/6 and 4/7 in

RGB (red, green, blue) false color

composites used for the discrimination of

Figure 11 MLC method for Gharib area. hydrothermal alteration minerals appear in
. white color this color are attributed to the
Unless you select a probability threShOI_dresponse of basd5 & 6 to (AF OH) and

all .plxels are classified. Each plxe_l Shand 7 to (F€OH) alteration minerals (Fig.
assigned to the class that has the hlgh%

).

Figure 12 4/2 altered regions (iron oxide minerals) appear in bright color.
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