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Abstract: The powerful tools of Geographic Information System (GIS) and remote sensing (RS) have significantly
contributed to the modern geological mapping and mineral exploration by enhancing, interpretation and integration
of various geological datasets. Integration of remote sensing and airborne magnetic data with other geological data
sets are the most promising and cost-effective method to add new structural and lithological aspects to the map of the
geology in a diverse geological province as in the area of current research. This is due to the fact that all the geosciences
information together with pre-processed remotely sensed data can be used as evidence to delineate possible areas for
further study and more investigation (Chang-Jo & Fabbri 1993). The study area is a belt of Upper Devonian sedimentary
formation including iron ore bearing layers, which extend over about 160km, in ENE-WSW direction, on the northern
border of the Murzuq Basin. The study area is located in the western central part of Libya within the bounder’s 27°
South and 28° North Latitude and 12° to 16° East-longitude covering an area of nearly 40,000km?. This study examines
the integration of aeromagnetic data with remote sensing to discover any probable extensions of iron ore deposits and
any associated minerals in the area of study. The study involves analysis of magnetic data to delineate geological,
structures, faults and to extract important information about the locations of buried magnetic bearing rocks. Spatial
data integration and analysis for the study area and predicting mineral potential were carried out on the available digital
remote sensing data (Landsat ETM+). While searching for mineral potential areas, accurate and up-to-date geological
maps are essential as it represents the most basic information for directing exploration activities. To this end, the existing
geological map of the study area, which was published by Industrial Research Centre (IRC) in 1984, is too old to extract
up-to-date information for mineral exploration. The main objective is to integrate these datasets to update the geological
map and produce mineral potential map of the study area. In this research, the various datasets (aeromagnetic data,
geological, remote sensing) were processed, integrated, and modeled using GIS techniques. The primary field study
was conducted in the potential areas of the iron ore deposits. Few samples were collected from the area and subjected to
XRF, XRD analyses. The produced Total Magnetic Intensity (TMI) map shows prominent NW-SE and N-NW trends.
The Reduction to the Magnetic Pole (RTP) map is characterized by a dominant WNW-ESE trend in the study area.
Total horizontal derivative of the pseudogravity map generally reflects fault or compositional changes which can be
seen to describe structural trends. The central part of the study area can be divided into five zones where the eastern and
northern zones show many short anomalies of NW-SE orientation and the southern zone shows E-W orientation, in the
northern zone of the central part shows WNW-ESE orientation trends. Strong magnetic anomaly detected in the south of
Idri Town can be interpreted as lenses of magnetite or magnetite-rich sandstone within the sedimentary rock sequence.
The selective principal component analysis, band ratio, techniques allowed the discrimination of altered areas and the
detection of iron and iron oxide bearing minerals. The most important finding in this study is discovering new potential
areas covering about 1000kmz2 of mineral deposits in the southeast and north-western parts of the area. These results
increased the assumption of extending the iron ore belt under the sand dunes in the west and east parts of study area. The
mineralogical analysis indicates that the iron ore type is goethite and hematite with percentage between 8 to 46 % Fe203
associated with very important minerals such as pyrochlore (Na, Ca, U). Finally, new potential map mineral deposit was
produced and classified into four zones which are low, moderate, high, and very high potential zone.
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causal body, after the development of computerized
multiparameters inversion methods. Many of these
permit interpreter interactions by the graphics display
system for computer imposing geological allows
sensitive that resulted in a significant increases in the
use of the magnetic survey for mineral exploration.
Over the past 40 years advances in measurement
technology and digital recording of data, particularly
on the extensive use of the air-magnetometer as
a tool for geological mapping (Sharma, 1987).
Aeromagnetic anomalies can be used to extract
important information about the locations of buried
faults and magnetic bearing rocks.

Geographic Information System (GIS) and
Remote Sensing (RS) technology (RS) are very
important tools in mineral exploration that large areas
of land surface can be covered for detailed geological
studies. Landsat ETM+ data provides a new digital
geological mapping technique which can be used
in this study to determine new potential areas for
iron deposits. Integrating remote sensing data with
geological and aeromagnetic data has the potential
of delineating geological structures (e.g., fractures,
faults) and ring system of the basement rocks, which
possibly control the mineralization in the area.

XRD and XRF are very complementary methods
to improve the analysis, the accuracy of phase
identification and quantitative analysis. Those
two methods increase the number of parameters
measured, which means fewer assumptions required
for analysis. This tour offers higher accuracy, not
only results but also increases the range of measured
samples. XRD is the most direct and accurate
analysis of the present and the absolute number
of mineral species in a sample to be determined.
Ambiguous results can be achieved using XRD. In
contrast, XRF provides very accurate information
regarding the elemental composition of the sample.
It has versatility in handling and conducting solids,
accuracy and has excellent precision for the majority
of the elements with its wide dynamic range from
Oppm to 100% (Bonvin & Yellepeddi 2000).

The Study Area

Wadi Ash Shati deposits are a belt of Upper
Devonian sedimentary formation, including iron
ore bearing layers, which extends over 160 km2, in
ENE-WSW direction, on the northern border of the
Murzuq Basin, in the province of Sabha (Fig. 1).
The western and eastern ends of the iron ore bearing
layers are covered by more recent formations, which
completely cover the ore outcrops (Sterojexport

Fig. 1. location map of the study area

1977). The study area is situated in the province
of Sabha, Libya, bounded by Iatitudes 27° and
28°N, and longitudes 12° and 16°E. The territory
covers an area of nearly 40,0000km?2. The area of
study lies to the south of the Gargaf Arch, an E-W
trending anticline, built up of a Precambrian core and
Cambrian to Devonian clastic sediments with Lower
Carboniferous rocks at its southern fork, striking
about 85° with 1-3° dip towards the south. Paleozoic
formations containing iron-bearing oolitic layers are
reported to occur in several areas beside the study
area. The iron bearing deposit are mostly confined
to the Middle and Upper Devonian Awaynat Wanin
Formation. In the Shati Valley, the Upper Devonian
formation consists of 140m of gray, tan and brown,
fine to medium grained, well-rounded, and well-
sorted cross bedded sandstone. It is interbedded
with thin beds of quartzitic sandstone, varicoloured
claystone and siltstone and contains several intra-
formational conglomerates.

Aeromagnetic Survey: The aeromagnetic data were
provided by the Libyan Petroleum Institute (LPI),
Tripoli, Libya, as grid data, with grid cell size of
1000m. The survey of the study area was carried out
along a set of parallel flight lines at 2km spacing, while
the flight height was 755m a.s.l. The aeromagnetic
data were corrected and reduced to their final form.
The magnetic intensity map was constructed with
the aim of enhancing geological structures and for
qualitative interpretation.

Landsat ETM+ Image: Three cloud-free Landsat
ETM+ scenes of (186-41) acquired on October 7™,
2000, (187-41) acquired on March 9" 2001 and
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(188-41) acquired on March 9, 2001 provided
by Industrial Research Centre (IRC), Tripoli,
which covered the investigated area were used
in this research. Thematic Mapper Plus (ETM+)
instrument onboard this spacecraft is an eight-
band multispectral scanning radiometer, capable
of providing high-resolution imaging information
of the earth’s surface. The nominal ground sample
resolution or “pixel” sizes are 15 meters in the
panchromatic band, 30 meters in the 6 visible,
near, and mid-infrared bands, and 60 meters in the
thermal infrared band. Geological map of the study
area NG33-1, NG33-2, G33.3 Scale 1:250,000
were published by Industrial Research Centre
(IRC) Libya in 1984 used as a base map to extract
the geological formations that were included in
the study area and the previous structures map of
lithology, tectonic and geologic setting.

Field Data: Three field visits in exploratory
fieldwork are done in the study area to be
familiarized with the general conditions of the area.
The aims of fieldwork in this research are:

1 The information collected during fieldwork
is the spatial distribution of rock units at the
surface. This requires determining what rock
units are exposed were on the surface, and tying
that data to a geographic database, usually a
topographic map or satellite image. This also
requires determining the general composition
of each rock type by visual identification. For
most rock types, the minerals can be visually
identified and other components using either the
naked eye or a hand-held 10x pocket magnifier.

2 The second type of data collected is an actual
sample of the different rock units encountered.
Samples provide the ability to take the field
units back into the laboratory, and to conduct
more detailed examinations (XRD, XRF) on the
composition and texture of the maps units seenin
the field. Rock samples are collected as part of a
field mapping exercise which invariably leads to
amore complete understanding of the geology of
a particular locality. Also, they needed to define
the ore deposit types, the chemical composition
and identify the percentage of iron.

DATA PROCESSING

The methodologies applied in this study
involved several steps. The literature review was
the first step in deriving information about the
general geology of the study area. This was
followed by data preparation and pre-processing
of aeromagnetic data remotely sensed images
(Landsat ETM+).

Total Magnetic Intensity (TMI)

The African Magnetic Map (AMMP) was a
compilation of all available airborne, ground and
marine magnetic data for the whole of Africa from
(Getech etal, 2000). The used data, covering a variety
of resolutions, vintages, and types, were merged into
aunified 1km grid at a constant 1km elevation above
terrain. International Geomagnetic Reference Field
(IGRF) was removed from the original data with
the use of computer program supplied by Geosoft
package software. The total intensity map (Fig. 2)
shows the magnetic field amplitude, which reaches
70nT, where it is relatively high comparing with its
spatial distribution of the survey. The map shows an
acute variation in the magnetic intensity, indicating
variation in either lithology or basement topography.
Sedimentary rocks are seen to be high magnetic
and usually give only an insignificant contribution
to the magnetic anomalies. The main sources of the
magnetic anomalies are expected to depend on the
basement setting and its magnetic features.

The total magnetic intensity (TMI) map of the
south-eastern study area was obtained to delineate
the subsurface structure (Fig. 2). The aeromagnetic
anomalies range from- -10 to 70nT and are
characterized by both low and high frequencies of
anomalies. The map reveals that the positive magnetic
anomalies have a general E-W, N-S and NE-WS
directions respectively. The configuration of positive
anomalies could be attributed to relatively deep-seated
low relief basement structure. The TMI anomalies
could be strongly influenced by the regional tectonic.
The negative magnetic anomalies have a generally
N-S, E-W and ENE-WSW  directions. The negative
anomalies are related to shallow thick sediments. At
low magnetic latitudes as is the case here, it is not
very easy to correlate the observed anomaly maxima.
The position of magnetic sources because in the TMI
anomaly map, the maxima are not found vertically
above magnetic sources, thus making it difficult to
link the observed anomalies with the sources. To
partially come to this, it is usually necessary the
performer a standard phase shift operation known as
reduction-to-pole on the observed magnetic field, the
operator affects the phase as well as the amplitude.

Reduction-to-the pole (RTP)

Reduction to the pole transformation of
an anomaly in the fourier domain was used in
Geosoft Package Software. RTP grids were easy
to be interpreted because anomalies placed directly
above the source of the magnetic field. The RTP
transformation applied anomaly map was given
in (Fig. 3) The inclination and declination angles
of the ambient field were taken as 26.5°N and
14°E, respectively (38.44°N, -9.43°E). The RTP
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Fig. 2. Total Magnetic Intensity (TMI) map of the study area (Grid cell size 1000m).

Fig. 3. Reduction to the pole map of the study area

aeromagnetic anomaly map (Figure 3) showed
that both low and high frequency anomalies
characterized the magnetic field in the study area.
The elongated negative magnetic anomaly with
values between -4 to -10NT was observed over the
locations of the western and eastern part of the study
area. The extended negative magnetic anomaly
was characterized by high frequency and high
amplitude. Such magnetic anomaly is associated
with thick sediment which was mainly recognized
by high magnetic susceptibilities. This magnetic
anomaly was bounded by steep magnetic gradients,
which indicated the presence of two faults, trending
in the NW-SE direction.

The First Vertical Derivative (FVD)

Derivatives tend to sharpen the edges of anomalies
and improve shallow features. The vertical derivative
map is much more responsive to local influences than
to broad or regional effects and therefore tends to give
sharper picture than the map of total field intensity.
Thus, the smaller anomalies are more readily
apparent in area of strong regional disturbances. In
fact, the FVD is used to delineate high frequency
features more clearly where they are shadowed
by large amplitude, low frequency anomalies. To
emphasize the effect of the geological contact,
critical for the structural framework of the area,
the data processing involved accurate enhancement
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of the short-wavelength and linear features. In that
regard, the acromagnetic data were first gridded with
a grid-cell spacing of  1000m and were subjected
to regional/residual separation to isolate short-
wavelength signal which is more suitable for high-
resolution mapping of shallow magnetic boundaries
(Fig. 4). The regional/residual separation was made
by subtraction of the upward-continued grid to 200m
from the total magnetic intensity aeromagnetic grid.
Upward continuation transformation attenuates
high-frequency signal components and tends to
emphasize deep, regional-scale magnetic anomalies.
Subtraction of the low-frequency upward-continued
data from the original grid produces a residual map
that is enhanced in short-wavelength signal. The
enhancement of magnetic anomalies associated
with faults and other structural discontinuities were
achieved by the application of FCD to the residual
map in (Fig. 4 & Dobrin and Savit 1988; Telford et
al, 1993). The reprocessed aeromagnetic data set is
significantly enhanced in high frequency and is much
better suited to detailed regional shallow mapping
and analysis of basement magnetic boundaries.

Pseudo-gravity

To locate and outline crustal magnetic sources,
transformation techniques must be applied to the
data as magnetic anomalies very rarely are centered
above their source. The pseudo-gravity transform
(Baranov, 1957) is applied to the magnetic data. By
using the pseudo gravity transform, the apex of the
magnetic anomalies is shifted over the source body
and distortion due to the earth’s magnetic field can
easily be removed. A pseudo-gravity transformation

is useful in interpreting magnetic anomalies, not
because a mass distribution actually corresponds
to the magnetic distribution beneath the magnetic
survey, but because gravity anomalies are in some
ways more instructive and easier to interpret and
quantify than magnetic anomalies (Blakely, 1995).
The pseudo-gravity transform was applied to the total
magnetic intensity grid using the FFT (Fast-Fourier-
Transform) filter package available in Oasis Montaj
by considering the density contrast of 1g/cm® and a
magnetization of 0.5 Gauss. The pseudo-gravity field
of the study area in magnetic anomaly for induced
magnetization of the present-day field (I= 38.44° and
D=-9.19°) shows poor correlation with the observed
total magnetic intensity anomaly (Fig. 5), suggesting
that the causative body has a remnant magnetization.
The contribution of the pseudogravity analysis
permits us to better constrain the geodynamic of the
study area.

Total horizontal derivative technique

The Total Horizontal Derivative method (HD)
was used for many years to locate density boundaries
from gravity data (Cordell, 1979) and density
and susceptibility boundaries from magnetic (as
pseudogravity) data (Cordell and Grauch, 1985; Ma
et al, 2006). These authors discussed a technique
to estimate the location of abrupt lateral changes
in magnetization or mass density of upper crust at
rocks. The method is normally applied to mapped
data rather than profiles. Maximum magnitudes
of total horizontal gravity gradient normally occur
above geological boundaries such as faults or
steeply dipping lithological boundaries. Areas of

Fig. 4. First vertical derivative (FVD) of upward continuation 200m map of study area.
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steep lateral gradients have higher scalar amplitude
values of total horizontal gravity gradient (Blakely
and Simpson, 1986). In applying this technique
to a gridded dataset, the gridded pseudogravity
for each grid point (X, y) is determined. Then the
pseudogravity gradient function is calculated

according to the following equation:
f= /(5_9)2+(8_9)2
0x oy

Where, f is “total horizontal gradient”, ((‘;-‘z) is
A AW R

the x derivative and (5*‘(]) is the y derivative. The

technique is influenced by several factors such as

dip of discontinuity, data spacing, reliability of

data and density contrast. Shallow dipping faults

Fig. 5. Pseudogravity map of study area.

Fig. 6. Total horizontal gradient of Pseudogravity map of study area.

are shown in a position shifted in a downdip
direction (Cordell and Grauch, 1985); Hansen
and Pawlowski, 1989). In study area map of total
horizontal gradient of pseudo-gravity grid data
(Fig. 6), anomalies are observed throughout. The
Map shows the present of total horizontal gradient
anomalies especially in the eastern, western and
central parts of the study area. In the eastern part,
the strong anomaly is indicated trending in the NW-
SE and NE-WS direction. About two anomalies
are detected in the central part of the study area
indicated NW-SE trending direction. One anomaly
is observed in the western part of study area in the
NW-SE direction.
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Analytic Signal Method

The concept of analytic signal was provided by
(Nabighian 1972; 1984) defined as a square root of
the sum of the squares of the derivatives of total
magnetic field in the x, y and z directions:

_ |/dm\2 (dT\2 dr\2
AS= [T () «/ ()

The analytic signal is useful for locating the
edges of magnetic source bodies, especially where
remanence and low magnetic latitude complicate
interpretation. Analytic signal picks up the highest
amplitude anomalies (Fig. 7) and is independent of
inclination of the geomagnetic field. The analytic
signal signature of the study area was calculated
in the frequency domain using the Fast Fourier
Transform technique (Geosoft). The most of
trending showing from analytic signal in the eastern
part of study area direction NW-SE and NE-SW.

Low-Pass and High-Pass Filtering

Filtering magnetic data is an essential process prior
to analysis and interpretation. The purpose of the filter
is to exceed the data set and make the presentation
result in a way that it is easier to interpret the meaning
of anomalies in relation to their geological sources.
Therefore, the most effective way to filter data is by
understanding the geological control and desired
outcomes filtered. Multiple filtering techniques can
be performed in the frequency domain. However,
one of the most traditional filters used in the potential
field, is the separation of long (deep) and short
(shallow) wavelength anomalies. The success of this

Fig. 7. Analytic signal of magnetic data of the study area.

technique depends on the correct choice of the cut-off
wavelength of the filter design: The frequency bands
corresponding to these linear segments which were
used through the band pass filter technique to produce
the low-pass and high-pass magnetic component,
maps. The regional (low-pass) magnetic anomaly
maps, is characterized by large, homogenous and
high-amplitude anomalies, which are caused by
deep-seated causatives. The low-pass filter applied
on reduced to the pole data to produce regional maps.
The cut off wavelengths used were 10 000m, 15
000m, 20,000m, 25,000m, 30,000m, and 40,000m,
the best result which presented the clear and smooth
magnetic map found in wavelengths 30,000 (Fig.
8). The residual (high-pass) magnetic anomalies’
maps were produced by subtracting total magnetic
intensity (TMI) from the regional magnetic anomaly
map, which was produced by (low pass) filter with
cut off wavelengths 30,000m (Fig. 9). The (residual,
regional, RTP, analytic signal and pseudo-gravity)
maps were all subjected to horizontal derivative filter
to delineate the lithological boundaries and faults’
directions and to estimate the physical properties of
the source structure causing the anomaly.

Remote Sensing Data Processing

Pre-image processing such as radiometric and
image enhancement were employed to clearly
visualize the image. During the image processing,
all images were geo-referenced into one projection
system. Images were subseted to the bounding
coordinates of the research area. Appropriate
band combinations were chosen for and structural
lithological interpretations.
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Fig. 8. Map showing low-pass filter for total magnetic Intensity data

Fig. 9. Map showing high-pass filter for total magnetic Intensity data

Supervised Classification Techniques: |mage
classification is a very important method in
the interpretation of remote-sensing data. The
computer-assisted classification of an image
automatically categorizes all pixels of an image
into land cover classes (Poovalinga and Rajendram,
2009). The bands (7, 4, and 2) have been used in the
image-supervised classification technique namely
maximum likelihood classifier (MLC) to classify
lithological units. Geologic maps for Idri and Wadi
Ash Shati published in 1984 were used as reference
ground data.

Principal Component Analysis: Principal
component analysis (PCA) has been called one of
the most valuable results from applied linear algebra.
The “principal component analysis transformation,”
is a multivariate statistical method used to compress
multi spectral dataset into few PC images in which
spectral difference between materials become
apparentin PCimage than individual bands (Gillespie
et al, 1986; Sabins, 1987). Principal components are
commonly calculated using the covariance matrix
obtained from the input multi-spectral data whereby
the corresponding Eigen matrices is also determined.
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Fig. 10. GIS data analysis

Band Ratio Technique: In this study ratio image is
mainly used for mineral alteration mapping, Landsat
ETM+ bands selected for the band rationing for
mineral alteration mapping is based on alteration
minerals reflectance features. It is used here for
lithologic investigation and mineral discrimination.
The digital numbers were divided in a band by the
DNs corresponding to a different tape for each pixel
aspect ratio of the resulting value and draw the new
values as an image.

Lineament Extraction: Different techniques of
digital processing were applied toenhance and correct
the acquired images as well as to choose the best band
data for later analysis. From visual evaluation, band 7
of Landsat ETM+ image was selected for lineament
analysis since it shows a better contrast and displays
better visualization of geological features compared
to the other band for each satellite. For lineament
analyses spatial enhancement were performed
using directional filters. Directional filters are quite
useful for producing artificial effects, which may

A 4

GIS analysis

Potential map of iron ore deposit

reveal tectonically controlled linear features (Drury,
1987). Filtering technique was used to enhance the
structural geological information (lineaments) for
each selected band. Lineaments for directions (NS,
NE-SW, E-W, NW-SE) are filtered separately, and
then the tracings were overlapped to produce final
lineaments map for each satellite. Sobel directional
filter 3 by 3pixel kernels were applied to extract the
lineaments in the area.

GIS Analysis

Thematic Map Preparation: Gettinganadvantage
of the power of GIS is to integrate various digital data
set in a single unified database (Fig. 10), the maps
which were extracted from, principal component
analysis, band ratios, supervised -classifications
and geophysical data were digitized, analyzed and
georeferenced with the same projection (geographic
lat/long). The aim for this is to identify the areas of
minerals occurrence and then combined in one map,
which presents the potential areas of mineral deposit.
After all data layers were extracted from remote-
sensing data converted to raster format by digitizing
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all those layers and save it in the same feature class
under one geodatabase. The structure maps of the
study area which were extracted from remote sensing
and aeromagnetic results were integrated by using
GIS system to produce one density structure map of
the area. weighted overlay was used to combine all
factor layer maps into new information to produce
individual value for each pixel and a new map was
produced (potential map). The weighting values
used in the overlay operations were only performed
on raster maps, and weighting value was given based
on the influence of every subclass. The heuristic
value for each factor and classification were given
between 1 to 10, where value of 1 indicates that the
influence or result towards is very low, while value
10 is very high. appropriate areas for mineral deposit
were determined through six thematic layers: PCA,
band-ratio, supervised classification, magnetic
anomaly map, structure density map. Weights are
assigned based on several experts’ knowledge and
by comparing each of these thematic layers with the
geological map of the study area which are used as
reference to define most accurate layers for highest
weight and based on the conformation form the field
trip and mineralogical analysis (Table 1) presents the
weights assigned to every unit.

Table 1. Presents the weights assigned to every unit

. W
Factor Classes | i (rate) (weight)%

Class 1 2

PCA1l,2&3 9
Class 2 9
Class 1 2

PCA7,5&4 7
Class 2 9
Class 1 1

Band-ratio (5/4) | Class 2 2 9
Class3 9

Supervised Class 1 2 8
classification Class 2 8
Class 1 2

Magnetic Class2 | 8 8

anomaly

Class 3 9
Class 1 1
Density Class 2 2

lineament 3
Map Class 3 3
Class 4 4

Calculation of the sum of weights:
PM= (SC *W+ B1*W +B2*W + HIS*W +
PC1*W+PC2*W+ Mg*W+D*W)
Where PM = the final potential map of Wadi Ash
Shati iron ore deposit and
SC= supervised classification map
B1= Band ratio map of bands 5/7, 5/4, 3/1
B2= Band ratio map of bands 5/4
IHS= Intensity-Hue-Saturation map
PC1= Principal Component map 7, 5 and 4
PC1= Principal Component map 1, 2 and 3
Mg= magnetic anomaly map
D= lineament density map
W= weight of each class

RESULTS AND DISCUSSION

Magnetic Data

The main results obtained in this study bring
new elements allowing improvement of our
knowledge on the geological structure of the study
area spatial analysis, helped detect morphological
differences in the lineament patterns. The eastern
sector of the map shows a lineament toward
WNW-ESE and ENE-WSW trend. The northern
and western sectors of the map show of lineament
toward NE-WSW. Accordingly, the terrain can be
divided into tectonic sector. The comparison of
the results with the geoscientific data (structural,
lithological) confirms morphological difference.
The tectonically subdivision into two tectonic
corresponding to the Hercynian Croton in the
eastern and western part of study area. Pan-African
Croton in the southern east and helped identify
the tectonic boundary separating them at depth
assigned to the major normal faults in the centre.
This geophysical study suggests that the structures
of crust modeled are situated on the flank of the
major faults in the basements it is a product of
an active continental collision. This collision has
provoked considerable over thrusting of the Pan-
African Rift. The use of high-resolution magnetic
data coupled with filter processing has increased
the geologic information about the study area.
Detailed magnetic interpretation can assist
significantly in mapping the geology of the region.

Remote Sensing Data

Supervised Classification Technique: The
results of image classification show that the iron
ore body (appears in red colour on the map) extends
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towards the west and northwest of the known iron
ore deposit (Wadi Ash Shati) and new areas of
iron ore detected by supervised classification that
these areas carrying the same DN value with the
existing iron ore body. The results of supervised
classification shown in (Fig. 11).

Principal Component Analysis: The PCA images
were prepared using three visible (VIS) and three
infrared bands of available sub-set of Landsat
ETM+ mosaic. The first three PC images contain
98.33% of the information of the six Landsat-
ETM+ bands. PC1, PC2, and PC3 display fair
lithologic contrast and the rest of the PC (PC4
to PC7) appear to be less informative in terms of
lithologic discrimination but the iron ore body still
appears very clear. RGB composite of PC1, PC2
and PC3 have better colour contrast. It allowed
best lithologic discrimination and the iron ore belt
appears very clear in yellow colour on the map
(Fig. 11). Landsat ETM+ image can be widely
used to generate exploration targets in study
area using the wavelengths characterized by iron
absorption.

Fig. 11. Supervised classification map of the study area

Band ratio: This technique is used to enhance
contrasts between selected features and suppresses
illumination differences between spectral features
attributable to surface, look angle, and topographic
effects. In a band ratio image, the black-and-white
extremes represent areas with the greatest differences
in the spectral reflectance of the two bands. Ratio
image was produced using bands (5, 4), band ratio
5/4 has been computed to enhance possible ferrous
oxides. The combination of ratio image 5/4 appears
with black-and-white colour whereas, ferrous oxides
appear with white colour and the rest of land cover
appears with black thus this method very effective at
detecting the ferrous oxides as shown in (Fig. 12).
Lineament extraction: The lineaments direction is
parallel with the major faults reported by previous
researchers. It seems that there is a relationship
between the length of the lineaments and the
orientation in the area, which means the length of
the lineaments, plays the important role of certain
orientations. The sun azimuth effect was clearly
evidence of the appearing of lineaments in the EW
& ENE-WSW directions (Figs. 13 & 14). Lineament
density and intersection density of lineaments are
also useful for characterizing the spatial patterns of
lineaments (Figs. 15 & 16).
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Fig. 12. Principal Analysis Component map of the study area

Fig. 13. band ratio map of the study area

Fig. 14. New tectonic map of the study area showing tectonic elements derived from aeromagnetic data
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Legend

Lineament extracted from Landsat ETM+ Image

Lineament extracted from magnetic data

Fig. 15. Lineament map of the study area

Fig. 16. Lineament density map of the study area

Potential Map: The delineation of iron ore deposit
potential zones through the integration of different
thematic layers obtained from remote sensing,
aeromagnetic data interpretation and other secondary
data have found to be effective techniques for
analyzing the information content of each layer
in GIS environment. The analysis would give
meaningful results without the need of conducting
fieldwork, which are time, effort and cost consuming
activities. This technique would give broad ideas
about the iron ore potentiality of the areas and then
minimize the areas where iron ore deposit can be
found and reduce the exploration activities to be
carried out for subsurface study through geophysics

and drilling tests. The outcome of the application of
remote sensing, aeromagnetic data and GIS on Wadi
Ash Shatti area showed reasonable results where
there was high potentiality on the areas of Wadi Ash
Shatti valley and Idri Town. The Wadi Ash Shatti iron
ore is one of the most important of mineral’s deposit
in Libya. Iron ore potential map generated through
this process will help planners and decision makers
for devising and feasible mining development
plans. However, more field work still needs to be
carried out to estimate the depth of the iron body
and to estimate the volume of the lenses of the iron
ore in the area. The new potential map was further
classified into four zones which were low, moderate,
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high and very high potential as shown in (Table 2).
The moderate, high, and very high-potential zones
in classified map were confirmed with evidence of
geochemical analysis through the collected samples
from the field (Fig. 17). The magnetic anomaly
identified more potential zones within the boundaries
of magnetic anomaly and new structure in the study
area. This was deducted from the interpretation of the
magnetic data, whereas the low potential zone still
needs more study in terms of field visit and collecting
samples for geochemical analysis and mineralogical
investigation. However, the estimation of the exact
amount of the iron ore is still not accurate and more
iron ore is expected to be found in the potential area.
Therefore, more boreholes are suggested to be drilled
and more samples have to be collected and analysed
especially from the classes of high and moderate in
the new potential map. Figure (18) and Table (2)
showing the area by km. sq. for each zone in the
potential area.

CONCLUSIONS

In this research, the various datasets available
for the study area (remote sensing and aeromagnetic
data) were processed, integrated, and modeled
using Geographic Information System (GIS).
The objective of this research was to integrate the
available geological datasets to update the geological
map and to produce an iron potential map in the
study area. The magnetic survey data analyzed

Table 2. Distribution of iron ore zones in the study area

using the most advanced and suitable techniques.
This technique includes pseudo gravity, reduction
to the pole filter, low-pass/high-pass filtering, and
total horizontal derivative. The magnetic anomalies
produced by deep geologic sources were separated
from anomalies produced by shallow geologic effects
using low-pass/high-pass filtering and depending on
the anomalies’ wavelength using matched band pass
filtering. Tectonically, the magnetic methods were
useful for detecting the geometry of the basement
rocks, and the structures related to tectonic forces.
The results indicate that the principal tectonic trend
is oriented in the NE-SW direction (Fig. 14), which
is found to be from the same direction of iron ore
body in the study area. Magnetic data thus helped for
extracting subsurface information to delineate host
rocks and structural features which are responsible
for mineral distribution in the study area. The
magnetic intensity map showed clearly intrusive
bodies, and a high magnetic anomaly observed in the
southwest part of the study area probably caused by
magnetic response of rocks is due to the presence of
magnetic minerals such as magnetite, and hematite.
This variation of susceptibility exists between
different rock types. The basement is usually very
vulnerable due to their high content of magnetite
(iron), whereas sedimentary rocks have much lower
susceptibilities.  High-pass and low-pass filter
techniques were used to decompose the magnetic

Iron ore potential zone Number of pixel Area (Km2)
Very high zone 2480538398 2480
High zone 1124088208 1124
Moderate zone 1633129344 1633
Low zone 5540404361 5540

Fig. 17. Shows locations of collected samples from the study area
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intensity map into the components related to shallow
depths (residual anomalies) and those from deeper
sources (regional anomalies). This study showed
that integrating aeromagnetic with remote sensing
data are an efficient tool for geological mapping.
Different processing techniques were applied to the
Landsat ETM+ and to discriminate and delineate
the lithological units and regional lineaments.
Moreover, remote sensing has proven a valuable aid
in exploring mineral resources. New potential map of
iron ore deposit in the study area was produced and
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classified into four zones which were low, moderate,
high and very high-potential zone (Fig. 18), based
on the weight of each layer and the confirmation
with evidence of geochemical analysis (XRD, XRF,)
through the collected samples from the field (Table
3). The outcome of the application of remote sensing,
aeromagnetic data and GIS in the study area showed
reasonable results of high potentiality minerals
(iron ore) associated with very important minerals
(Pyrochlore) in Wadi Ash Shatti valley and Idri Town
(Fig. 19).

Table 3. XRF results showing the percentage (%) composition of the samples

Samples
Element
S-NO-1 | S-NO-2 | S-NO-3 | S-NO-4 | S-NO-5 | S-NO-6 | S-NO-7 | S-NO-8 | S-NO-9 | S-NO-10

Si02 68.46 70.88 58.42 88.25 33.69 68.69 63.05 82.68 88.19 67.35
Fe203 29.37 22.06 32.67 8.51 45.69 29.09 33.6 10.37 9.13 27.11
CaO 0.72 5.28 7.00 0.97 9.4 0.18 0.1 3.34 0.61 1.42
P205 0.39 0.27 0.26 0.05 0.72 0.1 0.2 0.91 0.04 0.08
SO3 0.27 0.27 0.15 0.79 2.61 0.27 0.15 0.18 0.80 1.55
Al203 0.21 0.59 0.75 0.25 3.61 1.27 1.6 1.60 0.17 0.26
WO3 0.12 0.06 0.05 0.14 0.02 0.1 0.14 0.06 0.12 0.09
As203 0.09 0.04 0.00 0.00 0.00 0.00 0.00 29 PPM 0.00 0.00
MgO 0.07 0.23 0.18 0.07 1.26 0.04 0.05 0.40 0.05 1.25
Cl 0.05 0.03 0.01 0.02 0.42 0.02 0.02 0.02 0.01 0.10
Na20 0.04 0.00 0.00 0.00 0.14 0.00 0.05 0.04 0.00 0.33
BaO 0.03 0.04 0.1 0.67 0.07 0.00 0.02 0.08 0.57 0.00
V205 0.03 0.03 0.02 0.00 0.07 0.02 0.01 0.02 0.00 0.00
MnO 0.03 0.05 0.16 0.02 0.77 0.01 0.07 0.06 0.02 0.14
TiO2 0.02 0.04 0.07 0.19 0.48 0.04 0.19 0.05 0.22 0.11
Gd203 0.02 0.02 0.02 0.00 0.00 0.02 0 0.00 0.00 0.02
Co2 0.02 0.00 0.02 0.01 0.03 0.00 0.1 0.00 0.00 0.00
K20 0.01 0.04 0.02 0.02 0.00 0.00 0.65 0.00 0.01 0.06

Fig. 18. Potential map of iron ore deposit in the study area include known iron ore deposit
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Fig. 19. Diffractograms the sample No (11) from study area shows the most important minerals (Pyrochlore) associated with Goethite

and Quartz
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