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In the recent years remote sensing was used extensively in many applications, such as
geological mapping, hydrogeological investigation and prospecting for mineral deposits.
Remote sensing is considered a forerunner cost effective tool which was used successfully in
discovering a number of ore deposits. Thus, figuring out the regions with the potential of
hydrothermal alteration could be one of the important factors in recognizing the regions of these
deposits. In this study we used different image analysis methods such as Band Ratio and False
Color Composite methods for detection of mineralogy and alteration on a set of ETM+ data of
Allagi district zone, south-heastern Egypt. The study area is a region of high gold and other
mineral potential in Egypt. This paper shows the successful implementation of remote sensing
technology for gold and non ferrous metal resource prediction in the arid climate region.
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1. Introduction

A few studies have been performed on the mineral prediction in Egypt in
recent years. Most of these studies done by the foreign exploration companies
and their data are not available for public publications. In the recent years
remote sensing was used extensively in many applications such as geological
mapping, hydrogeological investigation and prospecting for mineral deposits
[10, 11, 14, 15]. The increasing living standard of the underdeveloped coun-
tries entails the search for more resources to meet the demands of minerals.
Therefore, new exploration techniques must be utilized to discover previously
unknown reserves [6]. Remote Sensing can map and analyze rocks over
hundreds of square kilometers in a single image. This geological mapping may
indicate particular areas of interest that can then be investigated in detail on
the ground. Improved geological understanding leads to looking for new
resources in previously overlooked areas. Landsat data have been used for a
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number of years in arid and semi-arid environments to locate areas of hyd-
rothermal alteration zones [1, 12]. Since the 1970s, scientists have developed
several remote sensing image processing methods, such as ratio and principal
component analysis (PCA), to discriminate mineral alterations effectively
[10]. This paper takes the Wadi Haimur region, southeastern desert, Egypt, as
a case study area. The area of study covers an area of about 270 km?, and it is
a region of high gold and mineral potential, because of its unique metallogenic
background, such as complex geological structures, intensive deformation and
metamorphism, and strongly metallogenesis. Yet, it has a hyper arid climate, a
rugged mountainous topography and these conditions led to various dif-
ficulties of mineral resource survey and prediction. In order to solve the
problems, for example, interference removal, weak alteration information
extraction, prospective areas localization, in the extraction of mineral alte-
rations from remote sensing in the area, implied information of remote sensing
data should be excavated deeply and comprehensively. Furthermore, remote
sensing information should be combined with others multi-sources data, such
as, geological and geochemical data. The study area is located in Wadi Allaqi
district, about 220 km southeast Aswan City. The area is dealt by some
authors. According to them, the study area structurally affected by two phases
of folds. The first folds are isoclinal and have axes strike in NE-SW. These
folds are superimposed by second open folds with axial traces oriented NE-
SW. The faults affecting the area are thrust and strike slip faults. The thrust
faults follow the NW-SE trend and separate between the upthrust ultramafic
sheets and slices from the underlying metasediments. The strike slip faults cut
all types of rocks, which have sinistral sense of movement that reaches 80 m in
the NE-SW direction. The main elements of geology in the study area include
low grade green schist island arc assemblage of metasediments, metavolcanics
and ophiolitic tectonic mélanges. The layered sequences intruded by younger
granites; and are separated by structural contacts. The basement rocks are
blanketed by Quaternary to Recent wadi deposits.

Alteration zones were recorded associated with quartz veins and vein-
lets. The gold occurrences are in Quartz veins, which randomly distributed in
the study area. They are cutting through all its rocks. They extend for 10 m to
200 m, their thickness varies from 0.2 to 2 m. The contact between the veins
and country rocks is marked by silicification, chloritization and sericitzation of
the country rocks. The veins and veinlets of quartz are smokly, milky or white.
The smoky veins trends NE-SW and are usually gold bearing. This study aim-
ing usage the application of landsat image to detect new gold occurrences in
the study area.

Remote sensing information extraction and image data processing

To enable visualization of different surface features from TM imagery,
band ratio and false color composite images were prepared using ENVI soft-
ware using bands 7, 4 and 1lin (red, green and blue) a subset image was used to
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determine the study area from whole scene and also to compare it with the dig-
ital topographical and geological maps.

In the landsat TM subset, the NW-SE and NE-SW oriented Wadi Allaqi
and Wadi Haimur respectively, is clearly seen. The sand sheet appears yello-
wish in the eastern side from the study area. The color difference between the
basement and sedimentary rocks.

Remote sensing data

In this study, the author choose one scene ETM+ remote sensing image
identified by path 174 and row 44 of Landsat-7 with 8 bands acquired on
November 16, 2001 to extract the information related to mineral potential
mapping. The image is geometrically corrected by using control points from
topographic sheets and the total root mean square (RMS) error is 4.5m. The
correlation matrix has been calculated and is shown in Table 1.

Table 1

Correlation matrix statistics for the study areas

Correlation | Band 1 Band 2 Band 3 Band 4 Band 5 Band 7

Band 1 1.000000 | 0.982736 | 0.945270 | 0.933724 | 0.926078 | 0.925294
Band 2 0.982736 | 1.000000 | 0.987902 | 0.981851 | 0.974953 | 0.975043
Band 3 0.945270 | 0.987902 | 1.000000 | 0.998575 | 0.992957 | 0.993672
Band 4 0.933724 | 0.981851 | 0.998575 | 1.000000 | 0.994409 | 0.995313
Band 5 0.926078 | 0.974953 | 0.992957 | 0.994409 | 1.000000 | 0.997928
Band 7 0.925294 | 0.975043 | 0.993672 | 0.995313 | 0.997928 | 1.000000

Landsat-7 was launched in April 1999, carrying the Enhanced Thematic
Mapper plus (ETM+). The TM Bands 1 to 7 are in blue, green, red, near
infrared and shortwave infrared, exactly the same as those in Landsat TM with
30 m ground resolution. The TM band widths are shown in Figs.2a and 2b.
Bands 1, 2, 3, 4, 5, and 7 have been used for this study. The thermal infrared
band (band 6) and panchromatic band (band 8) have a ground resolution of
60m and 15m respectively. However, band 6 and band 8 have not been used in
this study.
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Fig.1. (a) Spectral reflectance curves for jarosite, hematite, goethite.
(b) Some common clay minerals.
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IMAGE PROCESSING:

The most common type of alteration is the breakdown of feldspars and
ferromagnesian minerals to a variety of clays and other hydroxyl bearing min-
erals. Such minerals can be detected by remote sensing techniques since the
short wave infrared (SWIR) range of their spectra exhibit absorption [3]. Be-
sides, a considerable number of ore occurrences contain sulphide minerals par-
ticularly pyrite (FeS;) which undergo breakdown to sulphuric acid and a num-
ber of ferric hydroxides and complex sulphates which are both strongly co-
loured and possess crystal field absorption in the visible and near infrared
range (VNIR) [3, 7]. This suite of alteration features proved to be extremely
useful in delineating a variety of hydrothermal ore deposits [3].

I-The first procedure is the geometric correction of ETM+ image, where
geometrically corrected and rectified to remove the geometry distortions due
to sensor geometry, scanner and earth curvature. Geometric corrections has
been made for the digital ETM+ bands and executed by a transformations
(geo-referencing) and resampling (geo-coded) processing. Two steps of image
rectifications were conducted:

1-The first step includes rectification of the scanned topographic Jabja-
ba map with scale 1:250000 published by (EGSMA).

2-The second step includes scanned geological map published by
EGSMA. The correction is carried out by collecting well-distributed 4 ground
control points from graphic tics of both topographical and geological maps.
The parameters have been used in the registration procedures: UTM projec-
tion, Zone 36 N, Datum Old Egyptian 1907.

I1-The second procedure is construction of false color composite image,
where the geometrically corrected ETM+ image in bands (7 red, 4 Green, 1
Blue) displayed in viewer (fig. 2). It has been found that these bands where the
best for visual lithologic discrimination [18, 19, 23], and also the topographic
and geologic sheet visualized in 3 bands only.
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Fig. 2. Colour composite image obtained using Landsat
ETM+ bands 7,4,1 in RGB, respectively.
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I11-The third procedure to produce the following thematic maps by us-
ing mineral composite and hydrothermal ratios and principle components
analysis map for the study area to discriminate the different lithology types for
geological mapping.

Alteration zone mapping using ratio image processing technique was
used in the Red Sea Hills. The spectral features of ferric [bands 3/1] and hy-
droxyl bearing mineral [bands 5/7], in which hydrothermally altered rocks are
often rich. It has been well established that ferric iron exhibits pronounced ab-
sorption features at around 0.82 um and 0.35um, whereas ferrous iron has ab-
sorption at 1.0, 4.8-2.0 and0.55-0.45. Hydroxyl — bearing minerals like clays
have a major absorption feature around 1.9, 2.35 and 2.5. Detection of the
above mentioned minerals has been used as prospecting guide for ore deposits.
Ratio images are known for enhancement of spectral contrasts among the
bands considered in the rationing and have successfully been used in mapping
alteration zones. Using the theoretical knowledge about the spectral properties
of most rocks and minerals, ETM+ bands 3/1 and 5/7 were selected for iron
oxides and hydroxyl bearing mineral respectively. Whereas band ratio 5/4 has
been computed to enhance possible ferrous oxides. These ratios of mineral
bands are used to produce false colour composite images. Mineral composite
ratio image obtained using the combination of bands (5/7 in red, 5/4 in Green
and 3/1 in Blue) as shown in (Fig.3). Also, the hydrothermal composite ratio
image are visualized in viewer, where the bands (5/7 in red, 3/1 in Green and
4/3 in Blue) as shown in (Fig. 4). Principle component analysis map also is
produced. The main aim of PC analysis is to remove redundancy in multispec-
tral data. Principal component analysis is widely used for mapping of altera-
tion in metallogenic provinces [12]. Often times PCA is used to either reduce
the dimensionality of the data processed in a target detection algorithm, or to
reduce the noise in the hyper spectral imagery. Typically to reduce the dimen-
sions of a data set a selection of a certain number of PCA bands is made so
that certain percentage of the total variance in the data is preserved [9]. That is
the dimensionality of data is reduced the bands are independent and more in-
terpretable than the source data as shown in (Fig. 5).
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Fig. 3. Mineral composite image obtained using the
combination (5/7), (5/4), (3/1) in RGB, respectively.
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Fig. 4. Hydrothermal composite image obtained using the
combination (5/7), (3/1), (4/3) in RGB, respectively.
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Fig. 5. PCA processed image using 423 false composite map bands in RGB, respectively

IV-The fourth procedure is carried out on the ETM data by applying the di-
rectional edge enhancement filter with kernel 5x5 using ENVI 4.4 package
software to distinguished the hidden structures controlled the studied area.
Then, plot and trace the lineaments, which represent the fractures (cracks and
faults) that represents as straight line or somewhat curved feature in the image
as shown in (Fig. 6). After measuring the structure lineaments then evaluate
the structure analysis for the studied area as shown in (Tables. 2 and 3).The
extracted lineaments using band 7 is recommended by authors to use for the
structural lineaments interpretation in the study area [13].
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Fig. 6: Edge Enhancement image of the study area and its
major lineament trends from LANDSAT-7 ETM+ data (band 7).
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Table 2
Lineament orientation trends determined based
on data/image source of the study area

No. of Orientation Direction . .
. Basic Relation-
Data Type Major shi
Trends 1° 2° 3 p
1" and 2° trends
approximately or-
LANDSAT- thogonal, 3 trend
7ETM+ 3 NE-SW NW-SE EW' 1 intermediate  be-
tween 1 and 3
trends
Table 3
Lineament trend analysis based on data/image source of the study area
Direction NE-SW NW-SE E-W
Number% 39.47 39.47 21.06
Length% 58.25 29.77 11.98

V-The last procedure is produced supervised classification technique imple-
mented in this study to distinguish between possible gold bearings from the
surrounding country rocks. This technique involves selecting a pixel, individu-
al pixels, or a cluster of pixels with known geologic meaning (Haimur old
mine site) and using then to locate regions with similar remote sensing charac-
teristics [2, 15]. Parallelepiped supervised classification based on the seven
landsat TM bands was conducted to outline areas with reflectance spectra
identical to those of pixels representing the old known occurences.

Then, extracting the promising areas for new gold occurences and traced these
areas in new coverage as shown in (Fig. 7).

' Fig.7. Gold-finding prospective areas are predicted in the study region '
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RESULTS AND CONCLUSION
For digital image processing of Landsat - 7 satellite data purposes, five main process-
sing steps are following:
1.Geometric correction of ETM+ data, scanned topographic map and scanned geologic map
for the study area.
2. Construction of a Band Ratio, False color composite images and principle component
analysis.
3. Interpretation of a lithologic map for different type of rocks.
4. Interpretation of a structural lineament map after applying edge detection filter on the image.
5. Production of supervised classification map from selected signatures of six old known gold
occurrences in the studied area.

The result leads to produce a false colour composite (FCC) image at
scale 1: 100,000. This FCC image has been constructed by combinations of
the ETM bands 7, 4 and 2 in red, green and blue respectively. This image
helped in the identification and digitize new geological map for the study area
see figure (8). Lithology discrimination of the study area was made with Land-
sat ETM+ data using band combinations. Almost all the lithologies could be
delineated with a Landsat ETM+ false-colour composite image of bands 7, 4
and 2 in the RGB (figure 2). These results show only a little difference in loca-
tion of geological boundaries for different units when compared to the geolog-
ical map of EGSMA. This may be due to the topographic constraints in the
field work. It is hard to determine the lithology with Landsat ETM+ false-
colour composite image of bands 7, 4 and 2 in the RGB for some locations.

BEE2E ophiolites

..... =] Major fauns

Wadi Haimur area, southeastern desert, Egypt. (original scale 1:100,00)

The structural analysis from lineament trends of fractures as shown in
(Fig 6). The lengths and counts are measured and tabulated in Table (3). Also,
the azimuths of all major and minor fractures were measured and tabulated in
Table (2). These tables show the major structural lineaments are oriented NE-
SW, NW-SE and E-W respectively. The first trend NE-SW represents the old
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folds and the strike slip with sinistral movement. This trend parallel to the
thrust contacts and the elongation of Gebel Haimur and the main trend of Wa-
di Haimur. The secondary trend is NW-SE, which is trend of upthrusting of
ultramafic sheets (melange) over the underlying metasediments. Third trend
contributed to Kalabsha and related E-W oriented faults were proved to be ac-
tive and also the directions of dykes, which cut all type of rocks.

Supervised classifications enable identification of new gold occurrence
with reflectance spectra similar of those of the old Haimur mine pixel location.
These procedures are important in that it might lead to possible detection of
new gold bearing in the study area.
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MiSIRIN CONUB-SORQ SOHRASI HAYMUR VADISININ QIZIL POTENSIALININ
DISTANSION ZONDLASDIRMA USULLARI IL® PROQNOZLASDIRILMASI

V.G.RAMAZANOV, M.H.OLi
XULASO

Son illor distansion zondlagdirma iisullarindan bir ¢ox sahoalords, 0 ciimlodon geoloji
planalmada hidrogeoloji tadgigatlarda va faydali qazinti yataqlarinin axtariginda genis istifade
olunur. Distansion zondlagdirma bir sira filiz yataqlarinin agkarlanmasinda iqtisadi cohotdon
on effektli vasitolordon hesab olunur. Intensiv hidrotermal doyisilmo ilo saciyyslonon
regionlarda bu metodlar regionun yataglarinin 6yranilmasinds an mihim dsullardan biri ola
bilor. Bu moagalods biz akslorin analizinin muxtslif Gisullarindan, xiisusen do Spektr nisbotlori
va Suni Reanglor Kompozitiv agkarlama metodlarindan istifado etmisik. Todgigat rayonu
Misirds yerlogib qizil vo diger faydali qazintilarin yiiksok potensialina malikdir. Magale
distansion zondlagdirma texnologiyasinin quru iqlim soraitinds qzil va oslvan metal
ehtiyatlarinin prognozlasdirilmasinda miivoffaqiyystli tatbigini gostarir.

Acar sozlar: Distansion zondlasdirma, ETM+ molumatlari, spektr nisbatlori tsulu,
minerallagsma, Misir.

[POrHO3 30JI0TOI'O IOTEHUUAJIA BAJIM XAIIMYP
FOr0-BOCTOYHOM MYCTBIHUA ETUNTA HA OCHOBE METO/I0B
JTUCTAHIIMOHHOI'O 30HMPOBAHMS

B.I'PAMA3AHOB, M.X.AJIN
PE3IOME

B mocnexHne ToApl METOABI TUCTAHIIMOHHOTO 30HAWPOBAHMS IIUPOKO HCHOIB3YIOTCS
BO MHOTHMX OTpaciisiX, TAKUX KaK re0JIOTHYECKOe KapTUPOBAHUE, THIPOTEOOTUYECKUE UCCIIe-
JIOBaHUS M TIOMCKOB MECTOPOXKIEHHH ITOJIE3HBIX HMCKOMaeMbIX. J[MCTaHIIMOHHOE 30HAWPO-
BaHUC CUYHMTACTCS HAJCKHBIM SKOHOMHUYECKH 3(P(PEKTUBHBIM WHCTPYMEHTOM, KOTOPOE OBLIO
YCIENTHO WCTOIF30BaHO B OTKPBITHH PAJa PyIHBIX MECTOPOKICHHN. B pernonax ¢ moTeHIu-
ATBHBIMH THAPOTEPMATBHBIMA H3MEHCHISIMA OHO MOYKET OBITh OJTHUM U3 BaXKHBIX METOJIOB B
HCCIICIOBAHIH MECTOPOKICHUN MOJIE3HBIX UCKOMAaeMbIX. B maHHO# paboTe MBI HCIIONIB30BaIN
pa3IMYHBIC METOJIBI aHAITN3a U300paXKCHUH, TaKuX Kak MeToa CriekTp oTHoureHue u Vckyccr-
BeHHbIe [[Bera KOMITO3UTHBIX METOIOB OOHApy>KEHUS MUHEPATIOB M W3MEHEHHS IO DALY
ETM+ nannsbie paiione Ajtaru 30HHI oro-BoctouHoro Erumnra. cciegoBanHast 001acTh sB-
JISIETCS PETHOHOM C BBICOKHM ITOTECHIIMAIOM 30J10Ta M JPYTUX MOJIE3HBIX HCKONaeMbIx B Erum-
Te. JTa CTaThs MOKA3bIBAET YCIEIIHOE MPUMEHEHUE TEXHOJOTUN AUCTAaHIMOHHOTO 30HIUPO-
BaHUS MPU MPOTHOZUPOBAHUH PECYPCOB 30JI0TA M IBETHBHIX METAJUIOB B PETHOHAX 3aCYILTHBO-
ro KJiuMara.

KiroueBble cioBa: muctaHIoHHOe 30HAuMpoBaHue, ETM+ naHHbBIE, METOJ CHEKTp
OTHOILIEHNE, MUHEpaIU3aLys, 301010, Erumner.

Hocmynuna 6 peoakyuro: 17.02.2012 e.
Iloonucano xk newamu: 29.03.2012 2.
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