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Introduction

Quatar is a peninsula with an approximate area of 11610 km2. The topography of the country in general is a deflation
surface shaped by the persistent Shamal wind except some low hills in the North West.  The surface topography is
characterized generally by low relief ranging from around 103 m above sea level in the southwest to nearly 6 m below
sea level in Dukhan sabkha. The majority of the country, however, is less than 40 m above sea level. The larger part
Quafar is underlain by a remarkably uniform limesfone beds. In some places the limestone is overlain by younger strafa
that form a number of mesa-type hills. The oldest exposed rocks are the lower Eocene Rus Formation, which consists
mainly of dolomite and limestone with some scatfered outcrops of Miocene (covering around 8%) of the total area of
the country.
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Structural configuration

The Arabian plate is formed of two major fectonic units; the Arabian Shield and the Arabian Platform.  Although the
Arabian Shield is an isolated craton made up of a complex igneous and metamorphic rocks but it affected significantly
the geologic history of Qatar. Qatar is located in the stable shelf of the Arabian Plate, with few local tectonic features.
The Arabian Shelf, including Qatar, was occupied by eastward deepening basin during most of the Phanerozoic
accumulating more than 14 km of sediments.

The whole country is considered to be situated on the broad part of the interior platform of the Arabian Shelf forming
a part of a regional NNE-SSW trending high (the Qatar-South Fars Arch). Towards the north of the country, the Qatar
Arch is bounded by the Zagros Fold Belt. A very broad N-S ellipticshaped anficline forms the major parts of the
country exposing the Middle Eocene Upper Dammam Formation. In the western side of the country, tighter NNW-SSE
trending folds are formed such as Dukhan anticline and Zekrit and Salwa synclines. The Dukhan anficline exposed
the older lower Dammam and Rus formations to the surface. The domal structure is around 80 km long, of which the
northern 50 km are oil productive, and with average width of about 4.5 km. Younger Tertiary sediments belonging
fo the Miocene and Pliocene Dam and Hofuf formations crop out in the form of mesas that survived the wind erosion
in some parts of synclinal regions on both sides of the southem extensions of Dukhan anticline, and unconformably
overlies ifs flanks. These mesas consist mainly of carbonate, marl, clay and gypsiferous rocks of the Dam Formation
and surmounted by conglomerates and clastic materials of the Hofuf Formation. They form the only conspicuous relief
features in the southern and southwestern part of the country, where relatively thick sections of the Dam and Hofuf
formations were reported in the Gulf of Salwa) with extensive outcrops occurring further to the west along the eastern
coast of Saudi Arabia.
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Physiography

There are several classifications for the physiographic
features of Qatar. The most detailed among them is that
of Ashour 1987 which will be summarized here. He
classified these features info eight groups. These are:

Hamada Plain sediments

Surface sediments of the Hamada are usually formed
of relatively angular, coarse-grained clastic materials
that are derived from the underlying rocks with minimum
fransportation. The Arabic root Hamad means nice or
blessed and so probably this part of the desert is better
compared fo the fully sandy part because the hamad
plain may contain scaftered plants and some ephemeral
water sources. Exfoliation, i.e. peeling of the rock surfaces
by weathering is the main mechanism for their formation
which eventually would lead to the formation of stone
pavement. Most of the clastic materials are formed of
limestone and dolomitic and silicified limestone.
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Sand accumulation

Sand accumulation takes many different forms and cover
around 15% of the surface area of Qatar. The major
sand landforms are:

Sand sheets which are relatively more recent sediments
and they form the source of sand dune fields of the
country. They are formed of flatlying sheefs with some
pafchy sand drifts and residual gravel deposits. They are
well-developed in two areas, the first is in the northeastern
part of the country with a fofal area of around 200 km?
and the second one is to the east of Dukhan hills.

Nebkhas on other side are sand deposits that
accumulate due fo the baffling action of vegetation. There
are reported from Zikrit area and on the margins of some
sabkhas. They are formed of relafively wellsorfed, fine
sand and rarely exceed 50 cm in height.

Sand dunes are the most prevalent form of sand
accumulation in the country. Some of them are isolated
individuals but barchans also occur containing longitudinal
are reverse dunes. Sand dune fields can be found in the
southeast covering around 10% of the total area of the
country as well as in the southwestern areas.
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Depression soil (Rauda)

Rauda soil is accumulation of relatively thick sediments
in shallow depressions that punctuate the topography
and believed fo be the result of surface water erosional-
depositional effects as it gets localized changing from
sheet flow o small, shortliving channels after heavy rain.
The term Rauda means garden fo indicate the flowering
plants that flourish af such local, relatively thick and fertile
soil during the short rainy season.

Duricrusts

Duricrusts is a collective term to indicate all the sediments that
are deposited from the upward movement of groundwater.
Under arid climate, surface sediment moisture is lost by
evaporation. If the groundwater is near fo the surface as
it is the case in Quatar, groundwater will move upward
fo compensate for the lost water content by capillary
action. During their upward movement, groundwater
becomes concentrated and starts fo deposits minerals
along their paths. Some of the deposited materials will
break the soil others bind them together forming duricrusts.
The mineralogy of duricrusts depends on the chemistry of
the groundwater. Calcrete (calcite), dolocrete (dolomite),
silicrete (silica) and ferrocrefe (iron oxides) are examples
of such sediments. A grey calcareous duricrusts were
reported from Zikrit hills, which still cap some of the hills.
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Fluvial sediments

Fluvial sediments are those laid down by surface waters.
They are divided according fo their age info two groups;
the pre-Pleistocene deposits and the Recent Wadi
sediments. The pre-Pleistocene sediments consists of
around 12m of gravel, sand and silt and found mainly
in the southwestern areas of Qatar and thought to be
transported to Qatar by a major river system sourced in
Saudi Arabia. Recent Wadi sediments are formed mainly
of gravel that is believed fo be eroded from the Hofuf
Formation. These are of limited distribution indicating
limited fluvial processes in modern times.
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Sabkhas

The Arabic word sabkha means saltencrusted flat land.
The original word means cotton flock because sabkhas
usually appear white in the horizon compared to the
yellowish brown colored deserts. Sabkhas are hydrological
regimes developed under arid climatic conditions with
shallow water table and characterized by the presence of
evaporate minerals such as gypsum, anhydrite and halite.
There are two main sabkhas in Qatar. These are:

Umm Said sabkha is one of the first studied sabkhas in
the region. The usual supratidal zone changes gradually
into well-developed microbial mat belt in the upper
intertidal zone with some mangrove stands.

Dukhan sabkha is more like a salina rather than typical
sabkha. It consists of a 130 km? depression and ranges
in elevation between 1.8 m above sea level and 3 m
below it. Most of the area is covered with thin crust of
salt (5-10 cm) and sometimes with a mixiure of clastic
sediments and salt crystals that formed in the intervening
spaces by direct evaporation.
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Coastal sediments

Coastal sediments are these sediments associated with the shallow marine environment and resulted from the combined
effect of accumulation and erosion.

Intertidal flats are the areas covered by seawater during high tide and exposed during the low tide. They range in
width from few meters fo several kilometers depending on the tidal range and local topography. They are characterized
by the presence of microbial mats and mangrove sfands. The sediments are formed of carbonate sand, silt and mud
of either chemical or biochemical origin with some organisms depending on the salinity level.

Subtidal zone is that part of the marine environment covered with water all the time. They are formed mainly
of silt and clay-sized carbonate sediments with skeletal grains such as shell fragments and coral debris with non-
skeletal grains such as ooliths and pellets. The subtidal zone of the Arabian Gulf is a complicated mixture of different
sedimentary environments that are influenced by terrestrial factors in some cases.
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Dohool (Karst features)

Depressions and collapse fedtures are common features in the’surface topography of Qatar. They are the net result of
the combined action of waterjand mechanical stress on diffghent ypes of rocks with different cohgrence and solubility.
They represent a serious geotechnical problem in many o sidgntial areas of the country.
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Surface Geology

The surface geology of Qatar is covered by two contrasting lithological regimes; carbonates and clasfics. The Miocene-
Pliocene and Pleistocene strata are formed of clastic materials while the rest are formed of carbonate sediments and
strata. The following is a short summary of the marine exposed formations forming the surface geology of the country.
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Hofuf Formation (Late Miocene-Pleistocene)

The Hofuf Formation represents the youngest Neogene deposits in the Qatar Peninsula and forms about 3% of the
exposed rocks. The name is taken after the village of Hofuf in Saudi Arabia. The Hofuf Formation consists of three
distinct facies: clast-supported conglomerate, coarse-grained sandstone, and fine-grained sandsfone.
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Dam Formation (Miocene)

The name of the formation is derived from the mountain of Al lidam in Saudi Arabia where the lower part of the
formation is exposed. In Qatar the Dam Formation has been divided into Lower and Upper Dam sub-formations. The
lower Dam consists of around 30 m of white and light gray fossiliferous limesfone, marls and clays, which are of
marine origin.
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Dammam Formation (Lower-Middle Eocene)

In Quatar, the formation is divided info upper and lower
parts. Each part is divided info several members with
different names by different authors. The most common
nomenclature is that the Lower Dammam is divided info
the Midra Shale and Dukhan members, while the Upper
Dammam is divided into the Umm Bab (which is also
called Simsima) and Abarug members. The Midra Shale
consisfs of gypsiferous shale with shark teeth, while the
Dukhan member consists of largeforaminifera bearing
limestone. The Umm Bab (Simsima) member covers most
parts of Qatar and consists of neomorphosed chalky
limestones, locally dolomitized or silicified. The Abarug
Member is formed of silicified dolomite and dolomitic
marly limesfones. This member is of local distribution
only and found mainly in the low areas bordering |
Dukhan anticline and Zekrit area.
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Rus Formation (Lower Eocene)

The term is also derived from the eastem province of Saudi Arabia. In Qatar, only the upper part of the formation is
exposed, where around 25 m of the formation are exposed at around 1 km from the Qatar Pefroleum plants at Fhahil
in Dukhan area. The formation is divided into two members namely Al Khor and Traina. Al Khor Member consists
of around 25 m of fine-grained chalky limestone alternation with marl and clay at top. The lower part of the Traina
member consists of alfernations of marls and dolomitic limestone, while the upper part is formed of coarse limestone
with mud balls.

Geology of Qatar



Water Resources

All fresh water in Qatar is coming from desalination plants
and groundwater. The groundwater system of Quatar is
that of Eastern Arabia and aquifers are found mainly in
the Tertiary strata. Most of the groundwater are found in
three aquifers. These are:
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Umm er Radhuma Aquifer (Paleocene)

The Umm er Radhuma Formation consists of 300-500 m
of altfernating limesfones and dolomites. The top 30-50
m is characterized by the presence of karsfic dolomite.
The marl content of the formation increases downwards.
This aquifer contains brackish water beneath the whole
country.

The Rus Aquifer (Eocene)

The Rus Formation is formed of tight evaporitic zone
ranging in thickness between 10-100m of anhydrite with
marl and some thin limestones. This zone is overlain and
underlain by a succession of around 10-20m composed
of limestone, dolomite and some marl. The anhydrite
facies represents an aquiclude, while the carbonate
facies is important aquifer confaining large reserves of
freshwater, and is in hydraulic contfinuity with Umm er
Radhuma formation below.

Dammam Aquifer (Eocene)

The lower Dammam Formation consists of about 12m
of compact, fossiliferous, chalky limestone with laminated
fossiliferous shale. This shale unit has confined the Rus
groundwater. The absence of shale from northern Qatar has
great recharge significance and represents a controlling
factor in the solution of gypsum from the underlying Rus
Formation. The Upper Dammam ranges in thickness
between 10-65m and composed of dolomitic limestone,
it is an important artesian aquifer in southwestern Qatar
only, but unimporfant elsewhere. The Dammam aquifer is

connected fo the Umm er Radhuma aquifer, and contains
old water (10,000 to 17,000 years).

Geology of Qatar
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Hydrocarbon Resources

The search for oil in Qatar started in 1937. At that time, the accepted conception is that hills represent the best places
fo look for oil, and so the long, narrow anticline of Dukhan was selected as the best available option. In October
1938, well Dukhan-1 was drilled and became the first discovery well after reaching a depth of 1,777 m in January
1940. Production started at Dukhan field in 1947 and the first shipment of its oil was exported in December 1949.
Oil was found in the Jurassic Qatar Formation (equivalent to the Arab Formation in Saudi Arabia). Subsequently, oil
was discovered also in the Middle Jurassic Uwainat Member of the Araej Formation. Gas was found in the Permian
Khuff Formation.
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Main reservoir rocks

Reservoir rocks are these rocks that have the capacity o
store hydrocarbons in them due, among other properties,
fo their porosity (i.e. the percentage of voids between
their grains) and permeability (their ability to allow oil and
gas to pass through them through the connected pores).
The most important reservoir rocks in Qatar arranged from
the older ones are:

Tabuk Formation (Ordovician)

Tabuk Formation has been drilled only in few wells in
Qatar. It consists of partially dissolved sandstone with
some moldic porosity which is around 10% with a
permeability of less than 1 md. The formation is found to
contain gas in well Matbakh-2.

Sharawra Formation (Silurian)

The Sharawra Formation is composed of fine- fo coarse-
grained sandstone with solution porosity. It has a
moderate reservoir potential and also has some gas in

well Matbakh-2.

Tawil Formation (Lower Devonian)

The lower Devonian Tawil Formation is made up of
sandsfone with porosity values that range between
724% and a permeability that may reach 4000 md.
The formation has good reservoir characteristics and was
found to be gas-bearing in well Matbakh-2.

Haushi Formation (Lower Permian)

The Haushi Formation is formed of sandstone and shale
with infergranular and moldic porosity. The porosity values
are between 3 -18%, with permeability that ranges from
less than 1 to 3000 md. The formation is gas-bearing in
wells of Ras Qirtas-1 and Matbakh-2 wells.
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Khuff Formation (Upper Permian)

The Upper Permian Khuff Formation is the main gas
reservoir in the North Field and has important reserve
in Dukhan Field. It is the main gas reserve all over the
Eastern Arabion Plate including Iran. The Formation
consists of dolomitized, bioclastic limestone, dolomite and
anhydrites. It is characterized by the presence of moldic,
infergranular and intercrystalline porosities where porosity

exceeds 30%, with permeability around 3000 md.

Araej Formation (Middle Jurassic)

This formation has important oil reserves in the fields
of Dukhan, Bul Hanine, Maydan Mahzam and Idd El
Shargi.  The middle limestone unit of the formation is
the main reservoir and it is called the Uwainat limestone
reservoir. This unit has a considerable porosity but the
permeability is generally rather poor. For example, in the
Dukhan Field, the average porosity of the unit is around
18% but its permeability is only 15 md. In the Idd el
Shargi North Dome, the reservoir has porosity values
that range between 520% with permeability of 1-1600
md. In the Maydan Mahzam and Bul Hanine fields, the
porosity and permeability values for the Uwainat reservoir
are 10-23% and 2-300 md and 521% and 500 md,

respectively.

Shuaiba Formation (Aptian)

The Shuaiba Formation is one of the most imporfant oil
reservoirs in the Arabian Plate. In Qatar it was found to
contain oil in the Idd El Shargi North Dome. Large part of
the formation is made up of rudist fragments and chalky
limestone. The porosity values of the formation range

between 6-25% and permeability values that may reach
50 md.
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Arab Formation (Upper Jurassic)

The Upper Jurassic Arab Formation (Also called the
Qatar Formation) is the main carbonate reservoir in the
southern parts of the Arabian Basin. It hosts the largest ol
reserves in the world including the major part of the Saudi
reserve. The formation is made up of variable alternations
of limestone, dolomite with some evaporites. The main
porosity types are either infergranular in the oolitic
limestone or infercrystalline in the dolomite reservoirs.
Porosity is up to 30% were found in some horizons of the
formation with permeability values of up to 500 md.
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Mauddud Formation (Albian)

The Mauddud Formation which is an important reservoir
rocks in many parts of the Arabian Basin represents
only moderate to poor reservoir in the North Field. The
formation is composed of limestone confaining large
benthic foraminifera with some rudist fragments and
dolomite. The rudist-bearing limestone has porosity values
that range between 12-24% with low permeability values
that range between 0.1-70 md.

Geology of Qatar
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Oil and Gas Fields

Since the exploration started in Qatar in 1940 five
important commercial oilfields were discovered in the
country.

Dukhan Field

This field was discovered in 1940 and started production
in late 1949. The sfructure is a long, salt-induced anticline
with a gentle, north-south trend with an overall teardrop
shape. It is around 70 km (43.5 mi) long and from 4-6
km (2.5-3.7 mi) wide. The field is characterized by a
low structural relief and was recognized by the surface
expression of ifs Tertiary rocks. The structure is asymmetric,
and has four culminations along strike at the level of the
Jurassic Arab reservoirs. The deepest drilled well in the
field until the end of 1990 was Dukhan DKG27 with a
total depth of 4,975 m (16,318 fi) and penetrated the
Ordovician elastics. All the reservoirs are carbonate rocks
and the field is producing from producing horizons in the
Arab, Araej (Uwainat Member) and Khuff formation. The
initial recoverable oil reserve is estimated at 2.3 billion
barrels with a recoverable gas reserves exceed 1.2 TCF.

Idd El Shargi Field

The field is the oldest offshore field and it is composed
of two faulted domes aligned in a north-south direction
which is believed to be resulted from salt pillowing that
was active since the Triassic. The field was discovered
in May 1960, and started production in 1964 from the

Shuaiba, Araej and Arab reservoirs.

Maydan Mahzam Field

This field has a flat, domal structure about 8x5 km in
size. It was discovered by Shel-Qatar in 1963 and
started production in 1965. The main reservoir is in Arab
D carbonates with porosity and permeability values that

range between 12-13% and 5-400 md.
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Al Bandaq Field

This field was discovered in 1964 with a total area of
about 20 sqg. km. It extends across the marine borderline
between Qatar and Abu Dhabi and its production is
divided between the two countries.

Bul Hanine Field

This represents a dome elongated in a north-south
direction with dimensions of 8x16 km. The field was
discovered in 1965 in the northwest part of the field
by Abu Dhabi Marine Area (ADMA); however, the first
development well was not drilled until 1971 after the
demarcation of the marine boundary with Abu Dhabi in
1969 and production started in 1972 mainly from the
Arab D carbonate reservoir. The original recoverable ol
reserve is estimated at 680 million barrels.

North Field

The field was discovered in 1971 by Shell Qatar and is
considered to be the largest gas reservoir in the world,
with proven reserves of more than 300 TCF and esfimated
fofal reserves of 500 TCF. The field is huge, gentle, dome-
shaped anticline trending north-south 130 km long and
75 km wide with a fofal area of more than 6,000 sq km
which is nearly equivalent to half the area of Qatar.

The main reservoir of the field is the Permian Khuff
Formation, from which gas and condensate are produced.
The thickness of this formation is around 854 m (2800 ),
and consists of five reservoir units, K1-K5, separated by
layers of anhydrite. The Khuff Formation is formed of a
sequence of carbonate rock of limesfone and dolomite.

AlKhaleej Field

This field was discovered by the French company Elf
Aquitaine in 1991. In 1997, the daily production

capacity at this field was about 10 thousand barrels.
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Al Shaheen Field

This field was discovered by Maersk in 1992 with an
estimated reserve of about 780 million barrels of oil as
in 2003. Production started in 1994 with an average
daily production capacity of 30 thousand barrels a day.
Horizontal well technology has been used since 1994,
drilling wells up to 31,000 ft in length.
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Al Rayyan Field

This field was operated at the beginning by Wintershall
Consortium with ARCO, and then BP as operators before
Anadarko finally took over operation in 2002. Production
from the field is expected to jump to 25 thousand barels
per day.
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