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Matar, S.S. and Daoudi, M. (2021) Detect-
ing and Distinguishing Ophiolite Rocks via L he objective of this work is to show the contribution of multispectral remote

Multispectral Remote Sensing in Bi't Umq,  sensing data to detect and distinguish the ophiolite rocks of Bi'r Umq and
Southeast Al Madinah Al Munawarrah, Saudi

Arabia. International Journal of Geosciences, . . . . . .
12, 635-652. bia. This work includes detailed fieldwork lab studies, as well as processing

their geologic setting, southeast of Al Madinah Al Munawarrah in Saudi Ara-

https://doi.org/10.4236/ijg.2021.127036 operations, were performed on The Advanced Spaceborne Thermal Emission
and Reflection Radiometer (ASTER 2006, 2007) and Satellite Pour L’Observation
de la Terre SPOT 5 (2005) images of the study region. Among the processing
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that the ultramafic rocks are distinct from other rock units and contain im-
portant economic minerals. This research also illustrates the tectonic para-

Commons Attribution International meters and that the remains of the oceanic crust are exposed and juxtaposed

License (CC BY 4.0). to the rocks of the continental crust of the Arabian Shield. The results of the

hitp:/lcreativecommons rg/licenses/by/ 4.0/ spatial data processing revealed a good positive concordance with the results
= of the field investigations.
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1. Introduction

The Precambrian ophiolites in Saudi Arabia include those associated with the
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Yanbu suture, Jabal Ess, Bi'r Umgq suture, and the Jabal Thurwah, Al’ays, Hulya-
fah, Ruwah, Halaban, Nabitah, Hamdhah, and Al-Amar sutures [1]. They occur
in discrete N-S and E-W trending sutures and/or faults zones that divide the
Arabian Shield into terranes [2]. The E-W trending ophiolites, such as the Bi’r
Umgq, may represent the early stages of arc-trench, arc-arc, and/or arc-continent
collisions prior to the final closure of the Mozambique Paleo-ocean. The N-S
trending ophiolites may represent the terminal closure of the Mozambique Pa-
leo-ocean and the collision of the east and the west Gondwana during the East
African Origin [1]. The Bi’r Umq represents a remarkable area, where the rem-
nants of oceanic crust are exposed and were juxtaposed with the rocks of the
continental crust of the Arabian Shield. The Bi’r Umgq is an E-W trending, dis-
membered ophiolite, which lacks sheeted dikes, comprises peridotite, gabbro,
volcanic rocks, harzburgite, and is overlain by chert and tuff [2].

Prospecting for mining resources requires the mapping of the geological for-
mations that make up the subsoil. This mapping involves the recognition and
characterisation of a maximum number of outcrops likely to provide informa-
tion on the nature of these formations [3]. Remote sensing techniques are among
the most important and advanced sources to obtain data on the characteristics of
land surfaces. The use of these data has always been considered as a source of
information for geomorphological, geological studies and the discovery of new
deposits [4] [5]. Based on visual analysis of the combination of spectral bands,
several cartographic documents have been produced. The SPOT spatial images
are a useful addition to fieldwork. Studies carried out in different areas
throughout the world have also shown the capacity of ASTER images in the
characterisation of natural surfaces [6].

Until now, some applications have illustrated the potential of the ASTER sen-
sor to adequately represent minerals and lithological formations [7]-[14]. ASTER
has renewed the mapping methods applied to mining investigation by providing
additional information to geoscientists to determine the boundaries between
different lithological types. Also, for the realization of geological documents, [8]
[15] managed to make the spectral difference between minerals. In another
study, the potential of the sensor in the geological mapping of an ultrabasic me-
tamorphic complex was proven [6].

The ASTER sensor can provide complementary data for mapping mineralogi-
cal alteration, geothermal investigations, and lithologic discrimination [16]-[21].
The SPOT 5 satellite differs from previous SPOT satellites in that it provides
higher resolution images from the high-resolution visible and near-infrared sen-
sors, as the twin instruments acquire multispectral images with a resolution of
10 m. The resolution of the panchromatic spectral bands (the entire visible
range) is reduced from 10 to 5 m. Only the mid-infrared channel retains a reso-
lution of 20 m. The imaging instruments have a special feature that allows for
very high-resolution images. This new capability opens up new perspectives,

particularly in the field of precision geology and reconnaissance [22].
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In this framework, SPOT (2005) and ASTER (2006, 2007) images were chosen
due to the number and position of the available spectral bands (Figure 1). The
objective of this paper is to evaluate the contribution of these data through band
ratios, spectral indices, when undertaking image combinations and multisource
data fusion, to determine the occurrences of economic minerals, their host
rocks, and their tectonic settings of the Bi’r Umgq. This work integrates and re-
veals information on the reflectance and emissivity of objects in an arid region,
as well as the analysis of the spectral potential of the data. This aim was accom-
plished by conducting fieldwork.

2. Study Area

The ophiolite sequence in the study area was named after a Bi’r Umgq village that
is located within the Al Madinah Al Munawarrah Province. It can be reached
from Al Madinah via the Al Qaseem-Riyadh highway from about 200 km to the
south of Al Madinah City. It is located east of Harrat Rahat and north of the Jabal
Sayed Mine, between lat. 23°51'22"N. and lat. 24°01'57"N. and long 40°47'53"E.
and long 41°13'18"E. The topographic of the study area shows that the ophiolites
formed hills and mountains with moderate elevations from 800 to 1300 meters
above sea level and are separated by a major NE-SW-trending wadi, the Wadi
Ash Shubah, and its NW-SE-trending tributaries: Mahzul, Buraykah, Mundas-
sah, and Kutayfah Nu’ayriah. Since the 80s, it has been established that the area
is a part of an E-W trending suture, known as the Thurwah-Bi’r Umgq suture
[24]. Tt extends for more than 300 km from the Thurwah area in the west near
the Red Sea coast to the Bi’r Umq area southeast of Madinah in the central part of
the Arabian Shield (Figure 2(A)). The suture zone is one of the ophiolite-decorated
sutures that divide the Arabian Shield into terranes, in which the Thurwah-Bi’r

Umgq suture separates the Hijaz from the Jeddah terranes.

Geological Setting and Structure

The rock assemblages in the study area are best described as part of a dismembered
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Figure 1. Electromagnetic spectrum comparing ASTER, SPOT5, LANDSAT 7-8 (ETM+ and OLI/TIRS)
bands (modified after [16] [23]).
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Figure 2. (A) Study area; (B) geologic map of the ophiolite complex of Bi’r Umq (adapted from [20]).

Alpine-type ophiolite suture [25] [26]. The ophiolite sequence is composed of
layered gabbro and diorite, keratophyre, serpentinite, listwaenite, basalt, pillow
lava, and chert (Figure 2(B)), reported to have developed in an island-arc setting
within an oceanic-oceanic subduction zone [24] [27]-[32]. The chert beds are in-
tercalated with thin-bedded pyroclastic tuffite and several beds of very fine-grained
rhyolitic tuff. The whole sequence was intruded by microdiorite, diabase, andesite
intrusive rocks, and numerous quartz veins.

The ophiolite complex in the study area underwent three tectonic deforma-
tional events [29]. It was found to be part of the D1 nappe structures that formed
the overturned fault-related folds that trend ENE-WSW. The D1 structures were
affected by the D2 structures, which formed the N-S trending folds. The third
tectonic event, the D3, involved the formation of the NW-trending sinistral
faults of the Najd system that cut all the D1 and the D2 structures. The later
formed N-S trending quartz veins were found to cut the entire sequences in the
region and the previously developed D1 to D3 structures. One ancient mine was

found along a quartz vein, which hosts malachite and the iron oxides minerals.

3. Materials and Methods

The multi-temporal and multi-source data used in this research includes satellite
images and a digital geological map. The technical characteristics of these dif-
ferent data sets are presented in Tables 1-3. The flowchart of the methodology is
illustrated in Figure 3. Studies around the world have shown the capacity and
potential of ASTER images to adequately represent geological formations and

minerals. ASTER was chosen because of the number and position of the available
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Figure 3. Flow chart of the study methodology.

Table 1. Raster datasets used for the study.

Satellite Bands Date Resolution (m) Path Raw
ASTER 14 1 March 2007 15-30-90 --- ---
ASTER 14 3 March 2006 15-30-90 --- ---
SPOT-5 4 2005 2.5-5-10-20 135 302

Table 2. Spot-5 bands specifications.

Bands Label Wavelength (um) Resolution (m) Nadir or Backward  Description

Bl Pan2x5mscene 0.480 - 0.710 2.5 Nadir Panchromatic
B1 Pan 0.480 - 0.710 5 Nadir Panchromatic
B2 G 0.500 - 0.590 10 Nadir Green

B3 R 0.610 - 0.680 10 Nadir Red

B4 IR 0.780 - 0.890 10 Nadir Infra-Red (IR)
B5 SWIR 1.580 - 1.750 20 Nadir Shortwave IR
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Table 3. ASTER bands specifications.

Resolution Nadir or

Bands Label Wavelength (um) (m) Backward Description
Bl VNIR_Bandl 0.520 - 0.600 15 Nadir Visible green/yellow
B2 VNIR_Band2 0.630 - 0.690 15 Nadir Visible red
B3N VNIR_Band3N 0.760 - 0.860 15 Nadir Near infrared
B3B VNIR_Band3B 0.760 - 0.860 15 Backward
B4 SWIR_Band4 1.600 - 1.700 30 Nadir Short-wave infrared
B5 SWIR_Band5 2.145 - 2.185 30 Nadir
B6 SWIR_Band6 2.185 - 2.225 30 Nadir
B7 SWIR_Band7 2.235-2.285 30 Nadir
B8 SWIR_Band8 2.295 - 2.365 30 Nadir
B9 SWIR_Band9 2.360 - 2.430 30 Nadir
B10 TIR_Band10 8.125 - 8.475 90 Nadit  [ong wave infrared
B11 TIR_Band11 8.475 - 8.825 90 Nadir or thermal IR
B12 TIR_Band12 8.925 - 9.275 90 Nadir
B13 TIR_Bandl13 10.250 - 10.950 90 Nadir
B14 TIR_Band14 10.950 - 11.650 90 Nadir

spectral bands, which provide information to determine the boundaries between
different lithological types.

The 14 bands of ASTER sensor cover a wide spectral range, which have a spe-
cification from visible to thermal infrared or high spatial, spectral, and radiome-
tric resolution (Figure 1). An additional backward-looking near infra-red band
provides stereo coverage as well. Spatial resolution of this sensor varies with wa-
velength: 15 m in the Visible near Infra-Red (VNIR) telescope, 30 m in Short-
waves Infrared (SWIR) telescope, and 90 m in Thermal Infra-Red (TIR) tele-
scope. Each ASTER scene covers an area of about 60 km x 60 km. Six spectral
bands of the SWIR telescope (ASTER) have been designed to measure the re-
flected solar radiation in order to distinguish between the elements like Al OH,
Fe, Mg OH and Si O H as well as the CO3 absorption features [33] in [16].

3.1.Image Enhancement Techniques

The following subsections are summarized from the software built-in manual of
the ERDAS IMAGINE version 2020, which was used to generate all of the
scenes, provided in this study. The provided charts in this subsection are also
drawn by built-in software package with ERDAS IMAGINE.

3.1.1. Mosaic of ASTER
MosaicPro software package within the ERDAS IMAGINE was applied to join
georeferenced images and form a larger image or a set of images (these mo-

saicked project files are named with a mop file extension). The input images
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must all contain map and projection information and have the same number of
layers. They do not need to be in the same projection or have the same pixel cell
sizes. Calibrated input images are also supported. Vertical datums and units
must match in all of terrain input data in order to mosaic terrain data properly.
Therefore, two ASTER scenes were mosaiced in order to fit with the SPOT data,
in order to perform the merging of the two data. However, the next enhance-
ment step, performed in this study is histogram stretching before resolution

merge.

3.1.2. Resolution Merge

It integrates imagery of different spatial resolutions (pixel size). Since higher
resolution imagery is generally single band (for example SPOT Panchromatic 2.5
m data), while multispectral imagery generally has the lower resolutions (for
example ASTER 15 m), these techniques are often used to produce high resolu-
tion multispectral imagery. This improves the interpretability of the data by
having high resolution information which is also in color. Resolution Merge of-
fers three techniques: Multiplicative, Principal Components, and Brovey Trans-
form. The Multiplicative is based on simple arithmetic integration of the two ras-
ter sets. Brovey Transform uses a ratio algorithm to combine the images. Princip-
al Components merge operates on PC-1 rather than the input raster image. Fig-

ure 4 shows the flow chart of the PC component merge that was used in this study.

3.1.3. Decorrelation Stretch and Band Ratio

It stretches the principal components of an image, rather than the image itself.
Perform a contrast stretch on the imagery to decorrelate the bands and thereby
produce a more “contrasty” and strongly colored output image using the Prin-
cipal Components transformation. Figure 5 shows the processes performed by
ERDAS IMAGINE for decorrelation stretch enhancement. Band ratio is per-
formed by simple image algebra operations on three input files, in which two

high values bands are added to each other, divided by low value band (Figure 6).

4. Results

Several image processes were performed on the study area. Figure 7 is from
ASTER satellite, and the image combination is shown in Table 4. The image
shows the rocks clearly and distinguished them better than ETM images with the
combination (741) in (RGB) after histogram stretching. In this study merging
band 2 of SPOT 5 with the ASTER images in the combination of (841) in (RGB)
has also been applied (Figure 8). It showed quartz veins and ultramafic rocks
clearly from other units, and Table 5 shows resolution of histogram stretching.
Decorrelation stretch of the merged images was also conducted, and it distin-
guished several formations of the metamorphic meta-basalt (Figure 9). The last
type of image processes, conducted in this study is band ratio, in which two
types of ratio were performed. Figure 10 shows complex band ratio of [(band 2
+ band 5)/band 7)] of ASTER. This ratio turn on the ultramafic and mafic rocks,
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Figure 4. Flow chart of merging.
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Figure 7. ASTER false color composite image (RGB bands 841). This image distinguishes the ultramafic rock units from the
surrounding rock units.
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Figure 8. ASTER false color composite image (RGB bands 841) merged with band 2 of SPOT 5.

Table 4. Shows the histogram stretch resolution pairs for the three bands of ASTER image in Figure 1.

Composit e Bands Min. resolution pair before Min. resolution pair in the Max. resolution pair in the image Max. resolution before
color stretching image stretched to 0 stretched to 255 stretching
Red 8 0-0 117-0 193 - 255 255 - 255
Green 4 0-0 99-0 186 - 255 255 - 255
Blue 1 0-0 70-0 120 - 255 255 - 255

Table 5. Shows the minimum and maximum pairs used in histogram stretching of image in Figure 8 before and after stretching.

Composite Bands Min. resolution pair before  Min. resolution pair in the Max. resolution pair in the ~ Max. resolution before
color stretching image stretched to 0 image stretched to 255 stretching
Red 8 0-0 143 -0 184 - 255 255 -255
Green 4 0-0 135-0 171 - 255 255 -255
Blue 1 0-0 59-0 90 - 255 255-255

and turn off all other rock units. Figure 11 shows complex band ratio of ((band
1 + band 2)/band 4) of ASTER, which shows the meta-basalt very clear from

other units. Experimental lab studies measuring and comparing the spectral
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Figure 11. ASTER band ratio image of (band 1 + band 2)/band 4 after applying histogram stretch, in which 0 = 67 for the
minimum and 255 = 124 for the maximum. This image shows the mafic and ultramafic rocks as light colours.

reflectance, spectral absorption, and spectral ratio features with chemical con-
tents of the rock samples from the study area should be conducted to enhance
the capacity of remote sensing to differentiate mineralized rocks from barren
rocks. The obtained parameters from the experimental studies are then used to
produce remote sensing imageries that predict the mineralized zones from
non-mineralized zones [34].

This image is false colors (Figure 7), as most of the satellites take pictures in
ranges that the human eye cannot see, and if a person is provided with means to
help him vision in these spectral ranges, he can see the rocks in nature with the
same colors that appear in the processed images. When using the visible spec-
trum band, satellite images appear in the same colors that are seen in nature, and
in this case it is called the image with true colors, as it displays the colors in the
image as we see it with the naked eye. Although most of the rocks in the study
area are ophiolite, the channels (RGB bands 841) highlight high differences in
distinguishing between different types of rocks, most of the mafic are dark in
color in general, while acidic ones such as granite take pink and gradually to
orange and then yellow then white, and in this figure, granodiorite appeared in
darker color at the bottom of the image. As for the serpentine rocks, they take a
light blue color and gradient to light green. This description in general highlights
a large difference in the various rocks.

The second channel (band 2) from the satellite image (SPOT 5) is combined
with the sensor images (ASTER) for the channels (RGB bands 841) to take ad-
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vantage of multi-spectral imagery in the sensor (ASTER) and high-resolution
image from the satellite image (SPOT 5). To obtain a new, high-resolution MERGE
image with multi-spectral band. The results were excellent, as a new image with
high discrimination was obtained in the types of rocks, better than the image in
(Figure 8).

In Figure 9, this image the RATIO technique was used to determine the posi-
tion of the serpentine rocks in the region, showing the serpentine areas in white.
In order to raise the values of serpentine rocks, the two channels (band 2 + band
5) were collected and divided by channel 7 because the values of serpentine are
low and the other rocks are high.

(RATIO) technique was used in this image to determine the position of the
serpentine rocks in the region, so the image shows the serpentine regions in
white, then the two channels (band 1 + band 2) were collected to raise the values
of the rocks (the mafic and ultramafic rocks), which contain dark minerals such
as iron in low quantities and split them by channel band 4 (the mafic and ultra-
mafic rocks) (Figure 10 and Figure 11).

Lithologic Units

Collected samples across the main E-W direction of faulted and folded rocks
were prepared into thin-sections for microscopic studies to show mineralogical
and petrologic make-up of the study area [34]. The study area is characterized by
several rock types such as serpentine, listwaenite and layered meta-volcanic
rocks such as basalt and andesite. Figure 12 shows the serpentine rocks (dark
green), faulted and foliated in association with the listwaenite which is by prod-

uct of serpentines that form after hydrothermal alteration.

Figure 12. Highly foliated serpentinite has greenish colour, surrounded by altered ser-
pentinite that turned completely into reddish brown listwaenite, view looking W. These
rocks are part of the ultramafic sequence of Bir Umq ophiolite. Hammer is for scale.
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5. Discussion

Several combinations were tested to distinguish the ophiolite rocks in the ASTER
imageries. The best combination that has been given best results is the 841 in the
RGB combination. This false colour composite imagery shows the mafic and ul-
tramafic rocks in dark violet colour, where the felsic rocks appeared in the pink
colour. However, this imagery is affected by shadow of outcrops, and the rocks
colours are not homogenous. In order to make them homogeneous merging
technique have been used, to get advantage of the high resolution of the Spot 5
data, which has 2.5 m resolution. This image as shown in Figure 7 has homoge-
nized the colours of mafic and ultramafic rocks versues the felsic rocks. The
mafic rocks such as basalt is clearly appearing by the blue pink colour, while the
listawenite have the blue sky colour. Moreover, the felsic granitic rock have tak-
ing the red fire colour, where the fine-grained felsic rocks such as the rhyolite
have appeard with yellow colour and light green in the decorrelation stretch.
Therefore, there are matching with the geologic mapping. The merged imagery
in Figure 8 gives colour of the rocks and weathered sediments from the same
rocks as shown by the wadi sediments. Therefore, the decorrelation stretch im-
agery of Figure 8 was processed and produced to have better view of the rock
units. The three imagaries have important results showing rock units from dif-
ferent angles. Also, they are helpful in geologic mapping and economic geology
studies. The image rationing processing is important for its distinguishing the
mafic and ultramafic rocks from other rocks, which shows light grey colour,
compared to other rock. These results therefore, have confirmed the results. Af-
ter that a contrast stretch was performed to increase the intolerance of the mafic

and ultramafic rocks.

6. Conclusion

This study highlights the value of remote sensing for geological mapping in arid
zones. On the one hand, this tool is effective in locating a priori the outcrops to
be visited by the geologist, thus optimising field campaigns. On the other hand,
satellite imagery offers a fast and accurate means of mapping surface structures.
ASTER and SPOT multispectral images can potentially be used to detect and
distinguish ophiolitic rocks. The results also confirm the potential of the me-
thods to be used in geological exploration work where the location of ophiolitic
rocks and alteration zones is an important issue for the discovery of new depo-
sits. The TIR bands detect the emission of EMR from rocks, while the VNIR
bands measure the reflection of EMR from rocks. TIR bands, which are consi-
dered useful tools for distinguishing different geological horizons of the oceanic
and continental crusts. Band ratios were used to distinguish the various litho-
logical types. It is hoped that this research will inspire further work in exploiting
for example hyper-spectral data for the differentiation of a wider variety of li-
thological components. In general, the quality of the results obtained with the

ASTER spectral range combined with the SPOT images represents an advantage
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for lithological and mineralogical mapping on a regional scale, as well as for the
production of a reference document for the identification of areas of discontinu-
ities between geological sheets, which deserve particular updates and/or verifica-
tions in the field. The approach of this study can be applied to other areas where

similar exposures are expected, to improve the geological mapping of drylands.
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