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Abstract: Remote sensing data can provide valuable informasibaut thesurface
expression of regional geomorphologic and geoklrgieatures of arid regi@n In the

present study, several processing techniquere applied to reveal such ithe Qatar
Peninsula. Those included preprocessing for radiometric and geometric correction, various
enhancement methods, classification, accuracy assessment, contrast stretching, color
composition, and principal componergralyses Those were coupled with field
groundtruthing and lab analyses. Field groundtruthing included one hundred and forty
measurements of spectral reflectance for various sediment exposures representing main
sand types in the four studied parts in Qataab investigations included grain size
analysis, Xray diffraction and laboratory measurements of spectral reflectance. During the
course of this study three sand types have been ident{fledabkhaderived sakrich,

guartz sand, andli) beachderived @alcareous sand an(di) aeolian dune quartz. Those
areas are spectrally distinct in the VNIR, suggesting that VNIR spectral data can be used to
discriminate them.The study found that the main limitation of the ground spectral
reflectance study is the diftilty of covering large area¥he study also found that ground

and laboratory spectral radiance are generally higher in reflectance than those of Landsat
TM. This is due to several factors such as atmospheric conditiemdow altitude or
different scées. Whereas for areas with huge size of dune sand, the Landsat TM spectral
has higher reflectancea those from field and laboratory. The study observed that there
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Is a good correspondence or correlation of the wavelengths maximum sensitivity between
the three spectral measurements i.e laly fdad spacéorne measurements.

Keywords: Qatar, Landsatsand dunesspectrakeflectanceguaternary geology

1. Introduction

The state of Qatar, as a developing country with a growing population and itoilaeyal gas
reservoirs, is facing an imparit need for wise and more efficient management aspects of its land,
water andother natural resourcesittle information is available about the morphology, type, and
mineralogy ofthe major sand fields in QataHowever, information on sand dune fieldsneeded
because such dunes are often a host for economic minerals, and others have adverse environment
impacts since they thaten buildings anthe emerging agricultural sectoro this end, thepresent
study employed remote sensindata and field surveys texamine the distribution, type and
mineralogy of sand fields and Quaternary cover in Qatar. The study area of focus is situated halfway
along the west coast of the Arabian Gulf, betwektitudes 2420" and 2610 north and
longitude 50245’and 5140°east (Figurel). It has a area of some 11,500 knFhe surface of the
study area is low to moderate relief with a slightly undulating surface and several scattered
depressions. Most of the depressions aledfivith aeolian sand deposits. The central part is formed
by a plateau covered with limestone and colluvial soils. Calcareous beach sands are principally along
the present coadine, but they also occur at the edge of or within the scattered sabkleastudly area
whoseoutlining areasverepreviously covered by the Quatern&ga

The study area is one of the driest regions on the earth, with aridity capable of evaporating 200
times the amount of precipitation received. In summer, it is very hot anchalximum daily average
temperature in August reaches 85The minimum is 25 € and the mean 3T. The winter in the
study area is mild, with an average minimum temperature in Januar &nd average maximum
of 26 €; and the mean temperature is ¥ Winds during the winter, directed mainly towards the
southeast, and can rea&®i 100 km per hour. These windseate waves and surface curreatsl
carry some terrigenous matd into the marine sedimenthe present research determined the sand
types, its mineralogy and relations to regional surficial geology of the Quaternary, using Landsat
images, spectral analysis, grain size analysesXaray diffraction techniquesThis information is
much needed to evaluate the economic potentials of sarabittepas well as manage sand dune
migration and airborne dust storms.
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Figure 1. Locatormap of Qataand surrounding countries

/ 4/OOE - 4“50E \k SOOE 5‘SOE 600E
/. o« “
MEDITERRA - PR u :
NEAN SEA e } Baghdad_ "
J -
g U IRAQ ; 30°N
\ / Amman :
(o} ° N )
30N | JORDAN .
SINAI 1/
BAHRAIN o
Al Dhahran €7 'Manama G(/( 25 N4
7250N Doha 5
Al Madinah Al Riyadh QATAR . GgAL/IZ/(aF
o L] Abu Dhabi
> UNITED ARAB
A EMIRATES
)
Jid\ah
W ® Macca |
™
(o}
-20'N >
AFRICA Salalah
oth |
,lSON Hadhramout 6\ PN
A
P‘R
F ADE
500 km GULFO |
~10°N 35(E 400E a5E s
2. Methodology

The study used Lands&t TM imagery of February, 1987 and June 1990 in conjunction with
topographic mps 1:200,000, (one sheet); 1:100,068uf sheets) and 1:50,000 (15 sheets), together
with several geologic maps 1:100,000. All the images were corrected and classified using standard
techniques described Ipy-3].

Digital image processing has been caroed using both ERDAS 8.5 and IDRISI 401 software. A
set of preprocessing techniques is concerned with the several of data errors and unwanted o
distracting element of the image has been applied. Radiometric correction were carried at the Remote
Sensing @nter of the Earth Research Institute of Michigan, Ann Arbdr, WBA, the correction of
some scenesporthern part, was carried athe National Remote Sensing Center, Farnborough,
Hamphsire, UK. A total of 60 ground control points, a specific pixel inrttagye data for which UTM
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coordinates were obtained from topographic maps were selected frdnarideat data and used to
createfirst order transformation matrix for rectification activities. The nearest neighksamgling
procedure was also usdd,5]. Various image enhancement and displaying activities were also
followed [6,7]. The Optimum Index Factor (OIF) which is one such criterion to produce the best
Thematic Mapper (TM) color composite image for detailed geological visual interpretation was
appled to the images of the study ar@g9]. Principal component analysis, ratio transformations,
supervised and unsupervised classifications were also conflii;gdl]. Assessment of classification
accuracy was conducted using the Kappa Coeffidi#®L An increasing number of studies have
utilized the Kappa Coefficient of agreement as a measure of classification dad]ityhe field and
Laboratory reflectance values have been processed to simulate the response in Thematic Mapper bar
using Batch procesing program [14]

Field campaigns and groundtruthing activities included spectral reflectance measurements, sample:
analyses using mechanical and chemical analyses as weltaasdfffraction and grain size analyses.
Both field and laboratory spectralemsurements were taken using single Field of View Infrared
Intelligent Spectroradiometer (S FOV, IRIS) of tligeophysical and Environment&esearch
Corporation (GER). This instrument, cover 0.3 to 3.0 yn range in approxima@89 $pectral bands,
with a resolution between 1.5 and 5 nm. Ninety measurements were carried out randomly on the
different surfical exposures representing the main sand types in Qatar. Forty measurements were
recorded in wedDatar;twenty three of the samples were sand. Thirtysueaments wre made in the
north and norteast areas. Nineteen measurements were on calcareousdbageld sand. Twenty
measurements were made in the southeast, eleven samples were dune sand. Portion of the sampl
were analyss for grain size and withRD: , Zidl7° X -ray radiatm, Cu KU; genmAr at or
generator voltage, 3RV; scanning speed, 0.0&m/min. Grain size was conducted on 53 random
samples from all four areas.

3. Results and Discussion
3.1 Areas ofinterest and Principal Congment Analyses (PCA)

The study concentrated on four different areas, where major sand types and Quaternary geologica
features are observdébm Landsat dataThese areas are representedh@matural color composites
mosaic of Qatar Peninsula. Theselude the western side or Gulf of Salw#he Northerntip, the
Northern coast andhe Southeastern coasFEigure 2A1). Figure 2A2 shows a rectified Landsat
subsceneof west side Qatar Peninsula with a grid superimposed of the ifRagee 2A3 shows the
surfacesanddeposits in the tail of Dukharalskha, west of Qatar Peninsula which hasddisé color
with some bluish color in the upper of those sand accumulations due to salt content. Patches of pink
color in the plate represent sheets of blown sandluision.

Table 1givesexampleresults of the Principal Component Analy$eswest Qatar The first three
composites, which often account for more than 99.5% of scour,valeethe eigen values which
represent the amount of data value contained in Baokipal ComponenfPC). An example of PCA
image is the abkha depositwhich is divided into two colors due to moisture content, the dry part
showing as dark green color mixed with some blue and wet part represented as dark blue color due t
highly moidure content. The salt crust has a blue color in the upper right ptoe imiand Dukhan
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sabkha, the main land which represghe Rus Formation in light green to green color. Sea water has
black color due twery low reflectance. However, because eaelw output image is a linear addition
combination of all the input channels, the individual images or color composites often are not
interpretable in terms of a sensed phenomenon. Therefore this methBEA is best used as a tool

for distinguishing beveen rather than identifying geology. These PC color composite images are very
valuable to outline the contrast between different units. They also minimize the influence of shadows
and other albedo variations.

Table 1.Results ofprincipal component analysis wiestQatar Peninsula

Variance-Covariance  PC1 PC2 PC3 PC4

Matrix

1 507.94

2 291.18

3 365.5 277.83

4 301.48 232.7

5 251.6 223.3 526.06

7 67.02 5.51 377.16  447.49

Correlation

1 1

2 0.99

3 0.98 1

4 0.96 0.99

5 0.44 0.35 1

7 0.73 0.71 0.88 1

Eigenvalues 2566.1 39.17 2.2 0.8

Percent Variance 74.22 1.13 0.06 0.02

Cumulative Percent 74.22 99.52 99.98 100

Variance

Eigenvectors 0.32 10.07 0.27 10.19
0.23 0.1 710.38 0.83
0.32 0.28 10.57 0.5
0.32 0.24 0.67 0.12
0.68 710.66 710.05 710.01
0.43 0.64 0.03 0.01

The detailed descriptions of the four distinctive areas that have been characterized by the presen
work are:
1. Western part or Gulf of Salwahe false color TM 751 (RGB)Kigure 2A2) shows the
occurrence of abkhaderive, saklrich quartz sand in the tail of Dukhan sabkha. The sabkha
itself has a brown to dark brown color in image due to high moisture content. Thielsalt
sand is shown in two different colors, the proximal part which is close to the sadktza h
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blue color and the lower part has a cyan coldrs is mainly due to differenagf the sand
thickness and mineral conteim. contrast, the PC 123 composite imaggyre 2A3) shows

the developed featureless surface of whihalvn sabkhadlerived salrich sand in two
different colors. The area close to the sabkha has a blue color whereas further away the color
changes to red. This due to variations of the sand thickness and mineral content. The basis
for this conclusion is XRD results, which shows saggpsiferous sand in western samples

as will be described in details in the last section of this work.

2. Northeast coasthe area is covered with idespread winédlown sand which appears as
long strip along the northeastern part of the subscenes. This-tedeodd, calcareous sand
appear in Landsat TM false color 753 composite images as of blue to cyanFogloe B).
The sand accumulation inghPC 123 composite image appears in two bright colors. The
northern part of the sand accumulation appears in pinkish color, while the southern part of
the same sand has an orange color. These different colors are related to sand accumulation.

3. Northern Tip, this area represent the largest surface depression in Qatar Peninsula and is
low-laying with an average heights of about 14 The depression, which is filewith
windblown sand and finevashed soil, appears in dark purpleblack as a result of the
presenceof somepermanentvegetation igure 3). The false color 753 band combination
shows the VShape sheets of beadbkrived calcareous sands in a white coldhe Simsima
member dolomite and limestone of Middle Eocene age appears in green to graZaxbr.
reefs in the shallow water appdardark blue color and deep water in black. Beach sand
surrounding the coast has a cyan color due to the high refbecta visible band.

4. Southeast Coast, itharea has the largest coastabkha deposit in Qatar and is the main
location for the sand dune fielad¢hich believedthat is originated from the Arabian shield
The false color 752 composit@mages which contairvisible, near infrared and mid infrared
band Eigure 3) shows the main features in the area including the sand dunes, sabkha
deposits that form most of the land cover in the-stdnes. Barchan shaped sand dunes and
sand sheets have yellow colors. Sab&bzer by water are black, while those partly covered
with water appears in a navy blue color. Partly dry sabkha appears in a cyan color. Sabkha
mixed with sand dunes appear in red color. Aeolian sands occur in the form of mobile thin
sheets, small hummodkunes, barchans dunes and large dune fields. The prevailing wind,
Al-Shamal wind, plays a major role in Qatar and blown from the +manttihwest. Changes
in mineralogy, grain size, texture, moisture content and other physical and chemical
properties of vaous types of sand#n the almosfflat desert terrain of Qatar Peninsula, is
often expressed in the spectral characteristics in the visible as well as near anfilared
part of the spectrum.
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Figure 2. Natural color image oRatar as well as RGB and R@ages of the western part of
the study area
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Figure3.RGB and PC i 0 I p, nor
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3.2 Image Classification

Classified maps of the studiedeas in Qatar Peninsula with various ®usiumbers are shown in
Figure4. A maximum number ofevenclustes or classes has beersgned for the various suca
cover types within the area which includes the inland sabkha, the upper and lower DanaRns an
Formation, the coastal sabkha, sabkeaved salrich quartz sand with gypsum and chert pebbles
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with quartz sand. Groundtruthing indicatdtht misclassification picked up the coastal sand and
coastal sabkha as one claSgj(ire4).

Figure 4. Unsupervised classification :ofa) west Qtar (1. Inland a&bkha, 2. @per
DammamFm., 3. Rus Fm., 4. Salty sand, ®ower Dammantm.,6.Cherty sand and 7.
Coastal sabkhg (b) north east coast (1. Coastal sabkha, @&acB sand mixed with
sabkha, 3. Blown beach sand, $gdr Damman¥m, 5. Depression sand and Rddsoll
and 6. Rus Fm, (c) north tip (1. Bachderived sand mixed with sabkha, @ppper
Dammam Fm., 3. Blown sand, and 4&aStal Sabkhagnd(d) southeast of Qatar Peninsula
(Coastl sabkha cover with water, 2.pper DammamFomation, 3. Dry sabkha, 4.
Beachderived sand, 5. @&kha deposit mixed with dune sand, $and dune, and 7.
Exposedsedimentary outcrop)

The spectral Maes in each nothermal TM bands and nearest interpretation are given in Table 2.
The northeast coast with its unique linear shape of blown sand sheet appears clearly in Figure 2. Thi:
figure represents the classification output results, which assgmetustersto show the main cover
types.The man feature bounders between suoef@over types have been picked up. Table 2 shows






