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Summary
The State of Bahrain lies in the arid zone on the southern side of the Arabian Gulf.
The factors influencing soil formation on the Islands are examined and an account given
of the soils. These can be placed in four groups: Solonchaks, Regosols, Yermosols and
Fluvisols. The Solonchaks of the northern plain contain unprecedented amounts of
gypsum which, in the absence of leaching, give rise to a variety of morphological
features. The distribution of Regosols, Yermosols and Fluvisols can be related closely to
physiographical location throughout the country.

Introduction
State of Bahrain comprises a group of islands situated on the southern
side of the Arabian Gulf in the shallow sea between the Qatar Peninsula and
the coast of Saudi Arabia, latitude 26"N, longitude 50" 30'E. The total area
is 622 km2 (256 square miles). The mainland of Bahrain is approximately
48 km north to south and, at its widest part in the north of the island, 16 km
from east to west. The smaller islands of Muharraq and Sitrah, both
connected by causeway to the mainland, lie to the east together with the
small island of Nabi Salih (Fig. 1). The other islands, the Huwar Islands to
the south east and Umm Na'san, Jiddah and A1 Muhammadiyah to the west
of Bahrain, were not visited by the authors.
Bahrain has been occupied by man for many centuries and recent
archaeological investigations have revealed evidence of several cultural
periods spanning five thousand years (Bibby, 1972). Examination of the
landscape, on the ground and by the study of air photographs, gives clear
evidence of former extensive cultivation, now abandoned, including ancient
systems of irrigation fed by underground aqueducts (qanats), wells and
springs. In historical and mythological texts there have been many
references to Bahrain, Dilmun or Tylos, which has always been referred to
as a well-wooded and agriculturally productive land. The up-welling of
copious quantities of fresh water on Bahrain led to an interesting mythology
and to the possibility of agriculture on an otherwise desert island.

THE

Climate and Vegetation
The climate of Bahrain exerts an important control on the processes of
soil development. The mean annual temperature at Al Muharraq is about
27 "C which includes an annual variation from a mean daily minimum in
January and February of 15 "C to a mean maximum of 38 "C in August.
The lowest temperature recorded is 3 "C in January and frost is unknown.
Journal of Soil Science, 1980.31.689-707
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Rainfall in Bahrain is confined to the winter season; it is small in amount
and irregular in occurrence. The average annual rainfall is 72.5 mm but this
figure includes a range from 1.6 mm (1 946) to 168.9 mm (1 959). June and
August have no recorded precipitation, July, September and October have
only a trace but there are means of 16.3 mm and 17.8 mm in December and
January respectively. Precipitation can be very localised, coming from
thunder showers and squalls which can be heavy and of short duration.
Rumney (1 968) reports a fall of 71.1 mm (almost a year’s mean rainfall) in
24 hours. During such concentrated falls flash floods occur before the water
can infiltrate into the soil.
Amounts of rainfall are insufficient for any form of agriculture and, but
for irrigation, Bahrain would be a barren desert island. There is evidence
that the level of water in the underground aquifers of the island is steadily
declining (Italconsult 1971). In limited areas of the east coast of the
mainland and particularly on Sitrah it is evident that the head of fresh water
is no longer able to prevent the entry of sea water which is gradually
intruding, killing even the salt tolerant palms and rendering the land useless.
Abstraction of water from wells has been estimated as 155.4 x 106m3 per
annum of which 104.3 x 106m3 is used for irrigation, but this is not the
main cause of the intrusion for fresh water is constantly being lost by
seepages into coastal salt marshes (sabkhas) or directly into the sea (Wright
and Ayub, 1975).
The atmosphere in Bahrain is often much more humid than is usual in
deserts because of its maritime location. The mean daily maximum humidity
is about 85 per cent but this value responds to the high summer
temperatures by dropping to around 40 per cent in July and August.
Potential evapotranspiration rates given by Wright and Ayub (1975)
indicate that amounts vary between 75 mm in January and 250 mm in June.
Actual evaporation is limited by dry soil conditions to not much more than
100 mm per annum according to Al-Sayari and Zotl (1978).
Although a desert area, the Bahrain Islands are not devoid of vegetation,
and O’Good (1954) found a total of almost 200 species, most of which were
common throughout Arabia (Vesey-Fitzgerald, 1957). Upon the northern
plain, where cultivation has been abandoned, date palms (Phoenix
ducryliferu) remain accompanied by reeds (Cyperus urenurius). Where soil
conditions have become very saline, however, the palms have died leaving
only a scatter of halophytes (e.g. Hulopepfis perfoliutu and Arthrocneum
gluucum), and the margins of the Khawr Magta Tubli are characterised by
low-growing mangrove ( Avicenniu marina).
The vegetation associated with the low, vegetation-held dunes (nebkha)
overlying sandy solonchaks comprises grasses (Aeluropus fugopoides and
Sporobulus urubicus), rushes (Juncus rigidus) and succulent shrubs. (Plate
1a). On the larger siliceous dunes sparsely scattered halophytic shrubs
including the switch bush (Leptadenia pyrotechnicu) occur.
On dipslopes the desert pavement is almost devoid of vegetation with
widely scattered shrubs such as Zygophyllum album. In the shallow wadis
which characterise these areas there is a close scatter of shrubs such as
Zizyphus sp., Atriplex sp. and grasses, associated with flowering herbs
(Mesembryanthenum nodiflorum and Asphodelus tenuifolius).
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Although the interior basin is dominated by rock outcrop or desert
pavement, O’Good (1954) found 75 species. Lichens occur on rock faces
and the alluvial fans have significantly more vegetation than the desert
pavements. The alluvial basins are more densely vegetated with grasses and
a dock (Emex spinosus) which is valued for grazing.

Geomorphology and Soil Parent Materials
Bahrain may be divided into four regions which reflect the geology and
geomorphology of the major islands. These regions, which are briefly
described in the following paragraphs, are considered in greater detail by
Doornkamp et al. (1979), and Brunsden et al. (1979).
,The Northern Pfain The northern part of the mainland, together with the
adjacent islands of the Al Muharraq and Sitrah, forms a low plateau with an
elevation of less than 10 m above sea level. The northern coast has a thin
veneer of sand and beach material overlying a Quaternary beach rock or a
limestone, probably of Miocene age. Approximately 500 m inland there
occurs a second, more extensive area of sands, probably related to a former
coastline, which ranges up to 15 m above sea level. South of this dune
ridge an area of land with low elevation slopes gently southwards from
about 7 m above sea level. This area is drained by tributaries of the stream
which rises in Khadra Pool and flows into the Khawr Magta Tubli estuary
(Fig. 1) (Plate lb).
Large areas of the northern plain are composed of unconsolidated sandy
clay loam sediments which accumulated as a result of the extension of
mangrove swamps and overlie sands at depths ranging from one to three
metres. Areas of sand dunes are particularly obvious in the northwest of the
mainland around Diraz and on the island of Muharraq. Originating from the
Arabian mainland these sands probably were blown across during a period
of low sea-level in the Pleistocene. Degraded linear dunes, elongated in
response to the prevailing ‘Shamal’ wind, occur west of Sar and elsewhere
on the northern plain. In these dunes quartz sand occurs as a soil parent
material and this is significant for agriculture and horticulture. A feature of
the low-lying land east of Sar is the development of small vegetation-held
dunes (nebkha) composed of gypsum sand with ground-water levels
60-70 cms below the surface.
The escarpments and backslopes At the centre of Bahrain Island is an oval,
scarp-rimmed depression formed by the removal of the rock strata on the
crest of an anticline. From the rim of the escarpment, which has an elevation
of between 50 and 60m, the backslopes incline gently seawards and vary
in width from two to three kilometres. On the surface the backslopes carry a
thin stony regolith mantled with stone pavement (plate Id) and they are
scoured by numerous sub-parallel, shallow wadis. Quartz sands of medium
size grade occur at the foot of the western backslope. North of Az Zallaq
these sands form a narrow zone, but south-east of that village the zone
widens and occasional dunes develop. The escarpments which comprise the
rim of the interior basin usually are multiple in form as several competent
strata, which crop out as benches on the scarp face, are included in the
succession. (Plate lc).
The central depression The floor of this interior basin is characterized by
extensive rocky areas with mesa-like topography resulting from the almost
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horizontally disposed strata. The highest of these hills, and the highest point
in Bahrain, is the Jabal ad Dukhan, 122 m above sea level. Erosion of the
domed structure has led to the development of annular drainage lines which
favour the scarp-foot zone around the periphery of the depression where the
lowest-lying land occurs. In the present climatic conditions, drainage is
endoreic but in the past, streams have found their way to the sea through
the escarpment rim.
These peripheral depressions are gradually being infilled with desert
detritus of well-sorted, deep fine sands derived from the escarpment faces
and dissection of stone-pavement covered pediments. In the larger basins
clay and silt are sorted towards the centre but elsewhere alluvial fans of
detris composed of sand and silts with variable amounts of gravel extend
across the basin floors. The largest of these depositional areas, or playas,
occurs in the south-east of the interior basin but a considerable extent
remains floored by solid rock. It is thought the paucity of sediment results
from the deflation of materials after deposition. Upland areas devoid of a
weathered mantle show marked ‘sand blast’ effects aligned in the same
direction as the dominant wind.
The Subkhas The south-west coast and southern tip of mainland Bahrain are
characterised by accumulations of sand and beach-ridge deposits which have
grown southwards to form extensive areas of low-lying land adjacent to the
coast. These areas are influenced by saline ground-water and the surface has
become strongly gypsiferous. The beach ridges are composed of sand and
numerous shells of the gastropod Cerithium which frequently forms the
greater proportion of the material. On the south-west Sabkha there are a
few remnants of a former large dune system most of which has been eroded
leaving a gypsum encrusted sand plain about 1 m above ground-water
level.

The Soils
Apart from a short note by Habib (1975) and limited studies of irrigated
soils by consultants (e.g. Ercon, 1973) there is no previous publication on
the soils of Bahrain. A semi-detailed survey of the major islands was carried
out using a combination of air photo interpretation and close ground
control. The soil distribution is shown, using the 1 5 0 000 topographic map
prepared by Director of Military Survey, U.K., 1973, as a base (Fig. 2).
Using the system of the F.A.O./U.N.E.S.C.O. World Soil Map legend
(1974) the soils of Bahrain can be placed in four groups; Solonchaks,
Regosols, Yermosols and Fluvisols. The Solonchaks are extensive on the
northern plain and have been considerably modified for irrigated
agriculture. A textural sub-division was adopted and mapping units were
further defined by depth to rock, depth to water-table, presence of saline
ground-water and indurated layers. A further sub-group of soil materials
occurs on the sabkhas. Both Regosols and Yermosols tend not to have been
cultivated in the past, and areas of both could be identified according to
physiographic relationships. Regosols were formed from aeolian sands.
Yermosols or raw desert soils (D’Hoore, 1964) include soils of the detrital
fans and shallow desert pavement over limestones, and the Fluvisols are
represented by the soils of the sedimentary basins and beach deposits.
Certain areas of rock outcrop possess no natural soils and other areas
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have had the surficial weathered material and soil removed for purposes of
landfill. Both have been shown as 'rock dominated areas'. Other
miscellaneous land categories include areas of abundant ancient burial
mounds, and urban and industrial areas where natural soils no longer exist.

Solonchaks
Solonchaks have been defined as 'those soils having a high salinity
(E.C. > 1.5 Sm-') and lacking diagnostic horizons other than an A horizon,
and H horizon, a cambic B horizon, a calcic or gypsic horizon'
(F.A.O./U.N.E.S.C.O. 1974). The term Solonchak has been applied
traditionally to soils in which capillary rise of solutions results in a significant
accumulation of soluble salts in the upper part of the soil profile. Solonchaks
occur most extensively in hot dry climates such as Bahrain, in which
evapotranspiration almost always exceeds precipitation. In order that a
solonchak may develop it is necessary for ground-water to exist at a depth
which can supply water for evaporation by means of capillary rise through
the soil. The height to which this rise occurs varies and observations in
Bahrain indicate it reaches about 1 m in medium to coarse sand but can
attain at least 2.5 m in loamy soils. These figures are in reasonable accord
with the classical works of Keen (1927) and Shaw and Smith (1927).
Buringh (1960) has suggested some evaporation can occur with
ground-water 3.5 m below the surface in silty soils, and the loamy soils in
Bahrain have a fairly large silt content. The data of Collis George and Evans
(1964) suggest that accumulation of salts increases rapidly when the
water-table is within 1 m of the surface.
Analyses indicate that the predominant salt present in the solonchaks of
Bahrain is gypsum, but all soils examined also contain some calcium
carbonate. As a plentiful supply of calcium is available, the morphological
characteristics of alkali soils do not develop when the soils are leached and
although sodium is a common cation 'natric horizons' and dark coloured,
deflocculated surface horizons are hardly ever found. The pattern of salt
accumulation in solonchaks ensures that the electrical conductivity (E.C.)* is
always highest near the surface, except during and immediately following
irrigation. Once irrigation ceases the pattern of salt accumulation is
progressively re-established. Thus individual conductivity values range
widely' and need careful interpretation. The figures obtained for the E.C.
of surface horizons range up to 16.0Sm-' whereas figures for subsoil
samples are rarely in excess of 5.0 Sm-' at 40-50 cm depth and frequently
lower for the 90-100 cm depth. An indication of the way in which
irrigation can change the amount of salts and E.C. is given by examining
paired samples of adjacent irrigated and non-irrigated plots. Surface
samples on a holding west of Manama had conductivities of 0.8 Sm-' and
12.9 Sm-' respectively.
Several distinct morphological features resulting from pedogenetic
accumulation of gypsum have been observed; these include:
surface crust - the immediate surface (0.2-0.5 cms) of the soil is cemented
and indurated into a brittle crust. The crust is ridged into many undulations
'E.C. was determined on saturation extracts.
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with an amplitude of 3-5 cm with hollow spaces beneath the ridges. Other
crusts which develop, probably following rain, include a bare level surface
with a well developed platy structure and an efflorescence of salt crystals.
The crust is usually broken in places, exposing loose gypsum sand beneath.
,soft white concretions - scattered throughout the upper 30 cms of most loamy
textured solonchaks are numerous accumulations of gypsum crystals. The
crystals are fine-grained and pure white in colour and can amount to
upwards of 25 per cent of the exposed soil horizons. In coarse-grained
gravelly soils gypsum crystals accumulate as ‘pendants’ below larger stones.

gypsum sand - below the crust of many solonchaks on formerly cultivated
land there is frequently a horizon of pinkish white or very pale brown
fine-grained gypsum crystals with a very low bulk density and loose
consistence. In uncultivated sandy solonchaks it appears that in situ crystal
growth has been less restricted and a sand of gypsum crystals has developed
overlying loamy materials. This is particularly obvious in profiles with a high
water-table in the upper part of which a wet ‘slush’ of precipitated gypsum
crystals occurs. The surface of considerable areas of the northern plain of
Bahrain is dominated by 30 cm high, vegetation-held dunes (nebkha) formed
of sand-sized gypsum crystals deflated from nearby soils. (Plate 2a).
crystalline gypsum pans - certain horizons of the soil profile may be
cemented strongly by crystal growth to form continuous crystalline gypsum
pans. These features are brittle and can be easily broken with a spade or
auger, but would offer considerable resistance to root penetration.
(Plate 2a).
gypsum cementation - irregular patches throughout the soil profile may be
cemented with varying degrees of induration. (plate 2c). In the upper
horizons cementation is usually weak but in a zone 10-20cm above the
water-table hard, nobbly concretions can develop which may extend into a
continuous, partly calcareous pan, which is extremely difficult to break
through with auger or spade. Once below the level of permanent saturation
cementation is absent.
patterned ground - on the southwest sabkha of Bahrain and on the island of
Umm Na’san polygonal structures can be observed at the soil surface, which
when seen from the height of a few hundred feet closely resemble patterned
ground formed by ice wedges in tundra regions. In these areas, irregular
growth of gypsum crystals has resulted in crystalline masses being heaved
60-70 cm above the surface of the sabkha. This phenomena also is seen very
locally on the Arabian mainland (Al-Sayari and Zotl, 1978). (Plate 2d).
(a) Loamy Solonchaks The parent materials of these soils have accumulated
as marine or estuarine sediments under the influence of mangrove
(Avicenniu marina). Sandy clay loam and sandy loam are the most common
texture classes and silty clay loams are occasionally found. These loamy
deposits are often underlain at depth by coarse sand which greatly
increases subsoil permeability. Soils developed in loamy materials
predominate on the northern plain and the eastern coastal fringe but are of
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limited extent on the western coastal plain. Throughout the northern plain
buried soils of unknown age are occasionally found, resulting from levelling
activities associated with irrigation or from natural causes.
The loamy solonchaks vary considerably according to the amount of
gypsum present and the length of time since irrigation took place. In many
places gypsum accumulation is limited to a surface crust below which a
scatter of soft white concretions occurs. Although the surface crust can be
dark brown, suggestive of some organic content, the subsurface colour of
these soils is pale brown (10 YR 6/3) or very pale brown (10 YR 7/3) and
colours change little with depth from the surface. In the upper 30cm
subangular blocky peds are developed but below 30 cm structure is massive.
Analyses indicate there to be between 25 and 50 per cent gypsum in these
soils; as the amount of precipitated gypsum increases the material becomes
whiter and more sandy, and tends to have single-grain structure. The profile
of these soils is usually moist below the dry surface crust and, where date
palms are present, their roots are able to exploit the deep friable soil except
where limited by shallow depth or the water-table.
(b) Sandy Sofonchaks Sandy soils with solonchak features occur in the
western and northern parts of the northern plain of Bahrain. These soils
have developed from a parent material which originated as blown quartz sand
from the Arabian mainland, crossing the dry floor of the Arabian Gulf.
Changes in sea-level which could have facilitated this during the Pleistocene
have been discussed by Al-Sayari and Zotl (1978). These soils have a
uniform profile and are characterised by a water-table within 1 m of the soil
surface. Although the ground-water is weakly saline, the accumulation of
gypsum is significant enough to allocate these soils to the solonchak group.
Under natural conditions a surface crust develops but with cultivation and
irrigation salts are washed from the soil and organic matter accumulation is
encouraged. In an example at A1 Budayyi, a strongly indurated calcareous
pan occurred in the zone immediately overlying the ground-water table.
Although pans such as this can occur at shallow depth, there is normally
sufficient depth of material to form useful cultivable soils.
Soils formed entirely from gypsum sand are associated with the valley
draining towards the Khawr Magta Tubli estuary east of Sar. (Plate 2a).
These exceptionally gypsiferous soils (95 per cent gypsum) have not been
cultivated, and at the surface the pale brown gypsum sand has been blown
into low, vegetation-held dunes or nebkha. Although a detailed picture of
their relationships was not obtained, in one locality peat was found beneath
the surface layer of pale brown gypsum sand and rested in turn on gleyed
quartzose sand. This suggests that the shallow valley was a moist area,
formerly with flowing water but progressively infilled with crystalline
gypsum. Within the profile of these soils the gypsum sand is variably
cemented and the water-table is encountered at depths ranging from 0.7 to
about 1.5 m.
(c) Clayey solonchaks Clayey soils are rare in Bahrain, but occur locally
where small wadis discharge into the northern plain. In the largest area
near Ali, these soils are associated with saline ground-water. At the time of
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the field survey, it was observed that the laminated clays were being
disrupted at the surface by the growth of gypsum crystals into a fine friable
material easily removed by the wind.
(d) Solonchuks of the Subkhus The sabkhas of Bahrain are interesting
features geomorphologically, chemically and pedologically. Geomorphological development and accumulation of parent materials has been
described, as has the growth of large masses of crystalline gypsum
within quartzose sand to form patterned ground. In the smaller areas of
carbonate-rich muds, halomorphic features are mainly confined to the
surface crust and a sand of gypsum crystals immediately beneath.
The topographic map of Bahrain indicates small salt pans associated with
the lowest parts of the south-west sabkha. The extent of these salt pans
varies according to the preceding weather conditions and the influx of water
which subsequently evaporates, precipitating salts (mainly sodium chloride).
Wind erosion can be responsible for deflation of salt crystals as well as silt
and clay made powdery by the growth of salt crystals.
Many soils described here as loamy solonchaks fulfil the criteria required
for inclusion in the F.A.O./U.N.E.S.C.O. World Soil Map legend (1974) as
Ochric Solonchaks. Gleyic Solonchaks which have a water-table within 50 cm
of the soil surface, are frequently found around the Khawr Magta Tubli
estuary and on Muharraq. Fine textured soils with a platy-structured,
cracking crust, belong to Takyric Solonchaks, are occasionally found in
Bahrain for example, the clayey solonchaks near Ali and in the playa at Al
Buhyr, 5 km east of Ali.
In terms of the U.S. Soil Taxonomy (Soil Survey Staff, 1975) many soils
here called loamy solonchaks belong to the suborder Orthids with dominant
areas of Gypsiorthids and subsidiary Calciorthids and Salorthids.

Regosob
Soils developed in unconsolidated deposits, other than alluvial materials,
with an ochric A horizon but having no diagnostic horizons and lacking
hydromorphic properties are referred to as Regosols. Such soils are most
frequently found in sands deposited through aeolian action.
In Bahrain, soils developed in quartzose sands are particularly important
as they possess deep profiles and free drainage. In addition they lack the
morphological features and problems associated with Solonchaks.
Regosols in aeolian sands Quartzose aeolian sands have accumulated in
several places in Bahrain and must have contributed to virtually all soils of
the island. They impinged mainly upon the north-west of Bahrain and have
since been re-distributed southwards, contributing Iargely to the growth of
the south-west and southern sabkhas.
An extensive area of degraded dunes occurs in the north-west near
Budayyi. These dunes are composed of medium-grained quartzose sands
with 12-15 per cent calcium carbonate content and only 2 per cent gypsum,
and they are mostly fixed by vegetation. Similar stabilized sands occur along
the foot of the dipslope of the escarpments on the western side of Bahrain
where they form a low bench. South of As Zallaq a transition to dunes
occurs and an occasional barchan has developed.
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Some of the most actively eroding dunes are found on the south-west
sabkha, where they are thought to be a remnant of a former large sand
accumulation. Profile development in these materials is limited to a very
weak ochric A horizon. The free-draining characteristics and lack of
halomorphic features gives these soils considerable value, but protection
from further movement by wind is an obvious necessity. Soils referred to as
Regosols in this account are generally Calcaric Regosols, but where the
ground-water lies stagnant within 50cm of the surface the term Calcaric
Gleysol would be appropriate. According to Soil Taxonomy, these sandy
soils qualify as Entisols, great group Torripsamments.

Yennosols
Soils which occur under an aridic moisture regime with very weak A
horizons are classed as Yermosols. Cambic or argillic B horizons, often
weakly developed, together with calcareous or gypsiferous concretions, may
be present in the lower horizons of these soils. Soils with these
characteristics are extensive in the Sahara Desert and were referred to by
D’Hoore (1964) as raw mineral soils, residual and transported desert
pavement. In Bahrain, the geomorphological regions of the interior basin
and the escarpments which surround it are characterised by soils with a very
low amount of organic matter incorporation and a limited range of profile
forms. As profiles result as much from weathering as from the current soil
forming processes, it has been considered preferable to allocate these soils
to the Yermosols.
Two mapping units are designated, based upon the geomorphological
situation in which they occur. These are the detrital fans and the shallow
soils associated with areas of desert pavement.
(a)Soils of the detrital funs Surrounding the level deposits of the basin
floors, and in places occupying almost all of the peripheral basins, are low
angle fans of detrital material. These are composed of debris weathered
from the scarp faces of the inward-facing rim escarpments and from the
break up of areas of desert pavement and weathered material from the more
elevated parts of the interior basin. In contrast to the fluvially sorted basin
floor soils, those in the detrital fans are very stony and usually overlie rock
at a depth of less than 1 m, but become deeper towards the centre of the
depression. These soils of the detrital fans are freely drained and variably
cemented with gypsum. (Plate 2c).
(b)Soils with desert pavement A surface layer of gravel or stones is a
characteristic feature of many soils derived from desert detritus, and has
become known as desert pavement. (Plate Id). Its formation is variously
ascribed to the action of (a) wind, (b) sheet wash removing finer particles
from the soil surface, or (c) the upward movement of stones from the soil to
provide a protective covering on the soil surface. Some credence to the third
process is given when it is noted that a characteristic feature of these soils is
the presence below the ‘pavement’ of a stone-free, porous vesicular layer. It
is fairly certain that this vesicular layer is formed by repeated wetting and
drying cycles in which the stones move upwards leaving a relatively
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stone-free layer with closed cellular pores formed when air is entrapped
within the soil as it is wetted. This process has been described by Buol
(1965) and simulated experimentally by Springer (1958). Below the
vesicular layer, which is of sandy loam or loam texture, the soil normally
becomes very stony and there is often a zone of gypsum enrichment lying
immediately above the solid rock. This often takes the form of a layer of
limestone fragments variably cemented with coarsely crystalline gypsum. A
similar ‘gypsite’ layer has been described underlying stone pavement and
vesicular layers in the Stony Tableland soils of South Australia (Jessup,
1960). In Bahrain, these shallow (20-40 cm deep) profiles are widely
developed on the limestone backslopes forming the rim of the interior basin
and also within the basin itself where they frequently cover low-angled
slopes above the detrital fans. .
It is considered that the soils of the detrital fans and the areas of desert
pavement are most satisfactorily included in the Gypsic Yermosols. Some
soils are strictly limited in depth to bedrock and those with less than 10 cm of
soil material qualify as Lithosols. In terms of the Soil Taxonomy, these soils
must be considered as Torriorthents.

Fluvisols
Recent alluvial deposits, whether fluviatile or marine, form the parent
materials of Fluvisols. Such materials show signs of stratification as a result
of receiving successive increments of fresh material at regular intervals. In
the arid conditions of Bahrain, horizon development is very weak and
subsurface diagnostic horizons are absent. Depending upon the conditions
prevailing at the time of sedimentation, texture and salinity may vary
considerably. Fluvisols have been identified in the alluvial basins of the
interior of Bahrain and along the coast.
(a) Soils of the sedimentary basins Around the periphery of the Central
Depression, at the foot of the rim-scarps, a number of elongated
sedimentary basins occur with profiles of uniform texture, either sandy loam
or silt loam, containing around 4 per cent calcium carbonate and 2 per cent
gypsum. (Plate 2b). Where these basins widen, as in the north-west and
south-east, playas occur in which the sediment is sorted so that the finer
material is found in the centre accompanied by saline conditions with
conductivities of 5.0-6.0 Sm-’ and interlayered with gypsum, the content
locally attaining 60 per cent. The water table in these basins is well below
the surface for most of the time, but their geographical situation is such that
occasional flooding will occur following rain in the immediate vicinity.
Wind erosion plays a part in the process of playa formation, particularly in
the south-east playa, which has large areas of bare rock from which sediments
have been deflated. Only small areas of wind-sculpted remnants (yardangs)
and deposits of bedded sediments around the edge remain from a formerly
more extensive infill. In spite of the development of saline conditions at the
centre of the playas, the deep uniformly textured soils of the elongated
basins are non-saline and have a very low gypsum content, presumably
because the water table remains at a considerable depth.
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(b) Soils in recent beach deposits Along the northern coast and at intervals
elsewhere on the mainland of Bahrain sand and shell deposits of marine
origin occur. Usually they are weakly stratified and may be slightly
cemented. Soil horizon development is minimal and these soils usually lack
hydromorphic and halomorphic features.
The deep salt-free sandy soils of the elongated depressions are classified
as Calcaric Fluvisols except where saline conditions prevail where
Solonchaks are identified. In terms of the U.S. Soil Taxonomy (Soil Survey
Staff, 1975) these soils qualify as Entisols, great group Torrifluvents.

Discussion
Although no other area has been described with such a variety of highly
gypsiferous soils, the individual features of gypsum accumulation observed
in Bahrain soils have parallels elsewhere. Gypsum deposits under desert
pavements were noted by Nikiforoff (1937), and again by Jessup in
Australia (1960), who also referred to gypseous playa deposits. Nebkha of
gypsiferous sand occur in the lower Jezira plain of Iraq (Buringh 1960),
while Dregne (1976) describes very extensive dunes of gypsum sand in the
Tularosa Valley of New Mexico. Lobova (1956) refers to surface crusts of
gypsum-cemented sand 0.5 mm thick in the Uzboi Valley (Soviet Central
Asia), while Tolchel’nikov (1962) describes gypsum crystals protruding
10-20cm from the surface of sand in which there was strongly mineralised
ground water at shallow depth in the Kara Kum lowlands. Durand (1959),
in Algeria and Dregne (1976) more generally, have also referred to the
accumulation of gypsum in soils by upward movement from shallow ground
water tables. Most instances, however, led to subsoil rather than surface
concentrations, and this appears to be true also of Iraq (Al-Taie et al. 1969).
What seems to be without parallel outside Bahrain is the variety of forms
of gypsum accumulation in a small area, and one moreover in which there
are only minor amounts of gypsum in the underlying geological strata. The
explanation must be found in the constant upwelling of sulphate rich ground
water since the last pluvial period from aquifers in the Eocene Dammam
and Rus formations. These dolomitic limestones are exposed in recharge
areas on the Arabian mainland, but the ground water is not now being
replenished, hence the irreversible decline in water-table levels.
It is possible to grow crops on soils with a high content of gypsum,
provided water of adequate quality is available for irrigation. In Bahrain,
lucerne, cucurbits and tomatoes are widely grown in gypsiferous solonchaks
on commercial holdings, while shallow desert pavement soils rich in gypsum
(in places more than 70 per cent) have yielded a wide range of crops under
trickle irrigation at Hamala Government Farm, south west of Ali.
Van AIphen and Rios Romero (1971) concluded that up to 25 per cent of
gypsum has little or no effect on crops unless it is cemented. Where the
gypsum content is over 25 per cent there are problems of ion imbalance and
impaired water holding capacity, whilst cementation by gypsum is an
obstacle to the penetration of roots and water. However, in Bahrain,
although gypsum contents exceeding 25 per cent sometimes occur in surface
layers and some degree of gypsum cementation is found in many profiles,
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the cementation is readily disrupted by machinery and high gypsum contents
do not seem to be a limiting factor in crop growth. On the contrary, given
the appreciable salinity (0.4-0.6 Sm-’) of the irrigation water available, the
widespread occurrence of gypsum in the soils of Bahrain is probably
beneficial.
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APPENDIX
The following profile descriptions were obtained from representative
profiles during the course of field survey. Grid references refer to the system
shown on the 1:50000 topographic map prepared by the Directorate of
Military Survey (1973).
Representative profile description: Solonchak

Location :
Topography:
Vegetation:
Parent material:
Land use:
Horizons:
0-0.5 crns

0.5-10 crns
10-30 crns

30-75 crns

West of road to Qal’at al Bahrain (grid ref. W
523,OO 1)
Plain surface, sloping gently southwards
Mostly bare ground, scattered palm regrowth
Pleistocene or Recent marine sediments
Date palm garden, now abandoned
Light brownish grey (10YR 6/2) gravelly gypsum sand
cemented into a dry brittle crust with occasional
fragments of limestone; no organic matter apparent, no
roots; sharp boundary.
Very pale brown (IOYR 7/4) gravelly sand with single
grain structure, partly cemented; very porous; loose; no
organic matter, no roots; just moist; sharp boundary.
Light yellowish brown (IOYR 6/4) gravelly loamy sand
with cemented crystalline gypsum pans giving a platy
structure; very porous; brittle; loose when disturbed;
no roots; no organic matter; just moist; abrupt
boundary.
Brown to pale brown (10YR 5/3 to 6/3) stoneless
sandy clay loam with massive structure; porous, but few
fissures; compact; no roots; no organic matter; moist;
common soft white concretions; sharp boundary below
crystalline gypsum pan.
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Light brownish grey (2.5YR 6/2) silty clay loam with
massive structure breaking to subangular blocky; many
fine fissures; friable; no roots; no organic matter; moist;
no visible concretionary material; abrupt boundary.
Light grey (2.5Y 7/2) hard nobbly concretions.
Very pale brown (IOYR 8/3) structureless sandy loam;
friable; very moist; no roots; no organic matter; no
visible concretionary material; clear boundary.
Very pale brown (1OYR 8/3) faintly mottled with
yellowish brown (1OYR 5/6) stoneless sandy loam;
friable; very moist; no organic matter; no roots; no
visible concretionary material.

75-1 10 crns

110-1 15 crns
115-130 crns

130-140 crns

Analytical data:
EC
Sample

Depth cm

1
2
3
4
5
6

0-1
1-10
10-30
30-75
75-1 10
115-130

Sm-'

PH
sat. ext.

CaCO,
%

CaSO, as
gypsum

7.5
7.9
7.9
6.5
8.3
8.3

8.1
5.1
8.4
5 .O
42.9
36.3

40.0
67.5
56.5
69.0
2.0
2.0

14.045
10.206
7.506
7.506
4.584
1.855
% in

size grade (mm)

Total

Sample

2-1

14.5

0,5425

0.2541

0.14.05

Sand

Silt

Clay

1
2
3
4
5
6

2
2
5
1
1
3

10
10
12
2
2
10

16
20
12
6
2
14

20
23
20
18
4
18

12
12
12
14
10
10

60
67
62
41
19
56

26
24
31
52
48
23

14
8
7
7
32
21

Representative profile description: Regosol
South of Jamrah (grid ref. VU 462,981)
Location:
Southern flank of gently sloping ridge with low fixed
Topography:
sand dunes
50 per cent cover of semi-succulents, grasses and herbs
Vegetation:
Sand dunes with localized layers of shells
Parent material:
Freely drained to water-table at 235 crns.
Drainage:
Horizons:
Light brownish grey (10YR 6/2) quartzose medium
0-1 crns
sand, weakly cemented in a crust; single grain structure;
porous; loose; dry; abrupt boundary.
1-32 crns
Pale brown (10YR 5/3) to brown (IOYR 5/3)
quartzose medium sand, single grain structure,
well-rounded grains; highly porous; loose; abundant
fine fibrous roots; sharp boundary.
Pale brown (IOYR 6/3) quartzose medium sand with
32-40 crns
single grain structure; very porous; loose; few roots;
just moist; sharp boundary.
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40-42 crns

Thin layer of shells in a matrix similar to above; passes
into a much thicker mass of recent marine shells; sharp
boundary.
Light yellowish brown (lOYR 6/4) quartzose medium
sand with single grain structure; porous; loose; no
roots; just moist; clear boundary.
Pale brown (10YR 6/3) to light yellowish brown
(10YR 6/4) quartzose medium sand with massive
structure; porous; slightly cemented but brittle,
breaking to single grain; no roots; moist; clear
boundary.
Light olive grey (5Y 6/2) strongly cemented medium
sand with massive structure; porous; no roots; very
moist; changes colour to pale brown (IOYR 6/3) on
exposure to air; clear boundary.
Light brownish grey (2.5Y 6/2) medium sand with
abundant shell fragments with single grain structure;
porous; saturated running sand; small concretions
(1 -2 mm) in size.

42-85 crns
85-185 crns

185-225 crns

225-255

705

+ crns

Analytical data;
Depth cm

EC
Sm

PH
sat. extr.

CaCO,

Sample

%

CaSO, as
gypsum 96

1
2
3
4
5
6
7
8

0-1
1-32
3240
4042
42-85
85-185
185-225
225-255

0.504
0.683
0.994
1.036
0.541
0.504
0.739
0.675

7.5
7.5
7.9
7.7
7.4
7.8
7.5
7.9

16.7
12.6
11.5
16.2
15.7
12.3
15.6
13.3

2.5
2.0
7.0
7.6
6.5
6.5
1.5
2.0

-'

Percentage in size grade (mm)

Sample
2
5
6

2-1

1
1
1

Total

145

0.5-0.25

0.25-0.1

0.1-0.05

Sand

Silt

Clay

12
10
9

52
58
40

31
24
32

3
3
5

98
96
87

2
2
4

0
2
10

Representative profile description: Yennosol
Location:
Northeast of Hunting b a d g e (grid ref. VU 525,675)
Topography:
Dipslope with 2" slope, at 20 m elevation
Vegetation:
Almost no vegetation, occasional shrubs alongside
track, lichens on desert pavement stones
Parent material:
Khobar limestone sometimes with chert and aeolian
additions
Drainage:
Free
Horizons:
Desert pavement - about 40 per cent of surface covered
with limestone fragments.
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0-1 crns

Yellowish brown (1OYR 5/4) very fine sandy loam
forming crust; abundant stones embedded or lying on
the surface; compact and platy where exposed;
vesicular with abundant medium pores where covered
by stones; friable; dry; abrupt boundary.
Brown (7.5YR 5/4) fine sandy loam dominated by
abundant stones; porous; friable when loosened;
slightly moist; narrow boundary.
Light yellowish brown (10YR 6/4) loamy sand,
apparently gypsiferous, dominated by stones; porous;
friable to loose; slightly moist; abrupt boundary.
Limestone

1-20 crns

20-35/45 crns
35-45 + crns
Analytical data:
Sample

Depth cm

1

0-1

2
3

1-20
20-35

EC
Sm-'

PH
sat. e m .

CaCO,
%

CaSO, as
gypsum

0.904
1.352
2.384

8.2
8.4
6.8

16.1
18.0
9.7

2.0
1.8
2.0'

'Similar soils elsewhere in Bahrain have a much higher gypsum content in this horizon
~

~

~~~~

~

~~

Percentage particle size (mm)

Total

Sample

2-1

1-0.5

0.5-0.25

0.25-0.1

0.1-0.05

Sand

Silt

Clay

2

2

6

I4

42

10

74

18

8

Rep resentative profile description : Flu visol
Location:
Al Hassay (grid ref. VU 581,851)
Topography:
About 30m east of the lowest part of the linear
depression, elevation 23 m.
Vegetation:
Scattered succulent shrubs, partial cover of small herbs
Alluvial infill of basin
Parent material:
Drainage:
Horizons:
Brown (10YR 5/3) with surface patches of dark
0-0.5 crns
greyish brown (1OYR 4/2) fine sand, loamy only in
surface 1 mm; platy structure; scatter of gravel-sized
stones lie on or embedded in the crust; no visible pores;
frequent horizontal fissures; hard, brittle; roots
penetrate locally, low amount organic matter; slightly
cemented; abrupt boundary.
0.5-30 crns
Light yellowish brown (lOYR 6/4) find sand stoneless;
almost massive but with cracks at 10-20 cm intervals;
rather hard, brittle, possibly with very slight
cementation; dry; roots rate; merging boundary.
30- 100 crns
Very pale brown (1OYR 7/3). stoneless fine sand with
massive structure; compact but loose when disturbed;
slightly moist; rare roots; the very slight cementation
fades with depth; gradual boundary.
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Very pale brown (1OYR 7/4), slightly yellower than
horizon above; stoneless fine sand with massive
structure; compact, loose when disturbed; no
cementation; just moist; no roots; abrupt boundary.
Hard limestone.

160 + crns
Analytical data:

Depth cm

Sm -3

PH
sat. extr.

CaCO,

Sample

EC

%

CaSO, as
gypsum %

I
2
3
4

0-5
5-30
30-1 00
100-120

0.367
0.238
0.308
0.297

7.7
7.4
8.1
7.9

4.5
10.0
3.7
4.4

3.9
2.3
2.0
2.3

~

~~

~

~~

~

~~~~

Total

Percentage in size grade (mm)
Sample

2-1

1-0.5

0.5-0.25

0.25-0.1

0.1-0.05

Sand

Silt

Clay

1
2
3
4

3

3
2

3
3
I
I

14
8
4
15

35
30
22
35

58
45
28
51

33
41
57
40

13
I5
9

1

1
1

1

1

9

