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ABSTRACT : This research was undertaken o study the pedo-chermical characteristics of selected playas (sabkhihs) in the
Arahian Shelf. Resulis indicated that most of the sabkhahs are flat to almost far having salt crusts with variahle thickness.
Profiles representing the sabkhah surface are extremely saline compared with that of the surrounding landscapes. The
dominant soluble salts are C1 and $0,7 of Na* followed by Ca®' or Mg®*. The compasitions of the coastal sabkhahs
profile layers are closely related to the Gulf water composition while the inland playas are more associated with local
conditions. This was confirmed from the similarity in salt levels, ion malar ratios amd relatively high correlation coefficients
hetween the electrical conductivity of soluble salts (EC,) and either soluble B'* (7 =0.80) or soluble Mg®* (rf =0.60) in
coastal compared with that of the inland sabkhahs (r'=0.17) and (' =0.37), respectively. The mam pedological process
affecting the formation of coastal sabkhahs is the upward movement of the water table which is rich in salts originating from
the Gulf waters either directly or through wind action. Leaching, accumulation of sediments and evaporative concentrations
of the solutes are the processes prevailing in the inland sabkbahs, Salt crusts are dominated by C1 and SO/ of Na*, Mg™*
and Ca®* salts while K *salts are relatively low. X-ray diffraction patterns confirm the presence of halie, gypsum and
carbonate minerals. Epsomite and bloedite minerals were identified in both coastal and inland sabkhahs. Specific minerals
and relative abundance was guite variable between the salt crusts dug to the characteristic conditions of each sabkhah. The
major differences between the inland and coastal sabkhahs are related w the source, composition amnd depth of the water table
and consequently the composition and mineralogy of the surface salt crusts.

laya is the geological term for the flar and generally

barren lower portions of arid basins of internal
drainage that periodically flood and accumulate
sediments (Neal, 1965). This is an important
characteristic that makes playa the flattest of all land
forms. Sabkhah is the term applied to playas in many
Middle East countries. Moreover, Al-Sayari and Zotl
{1978) reported that sabkhahs are saline flats underlain
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by clay, silt and sand, and often encrusted with salt.
The Arabian Shelf is one of the two major land masses
forming the Arabian Peninsula. This shelf lies to the
east of the Arabian shield, where it forms about two
thirds of the peninsula and is composed mainly of
sedimentary rocks among which scattered dry lakes are
present in depressional areas. A common feature of the
deserts in this region is the topographic depressions
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known as playa lakes, which usually have no drainage
outlets for runoff. When the lakes drv up, mineral salts
are left behind, There are two types of sabkhahs, The
first type is the coastal sabkhah which 1s a super tidal
surface produced by depositional overlap of marine
sediments. In some cases, eolin deposits are also
present. The associated brines are derived primarily
from sea water. The second type is the inland sabkhah,
which lies away from the coast, and represents areas of
equilibrium between eclian deposits and deflation,
controlled by the local water table. Evaporation
through the surface causes the formation of brine and
the precipitation of evaporite minerals (Al-Sayari and
Zotl, 1978). Saudi Arabia has large numbers of both
coastal and inland sabkhahs. These sabkhahs result
from the varying influences of geological structure,
surface features, climatological conditions and the
location from the saline water sources. Sabkhahs are
commaon features along the shoreline from Kuwait to
the southern end of the Arabian Gulf. Sabkhat Matti,
southeast of Qatar, is the largest of these with an area
of about 6,000 km® (Al-Savari and Zotl, 1978). EI-
Farra (1978) reported on the number of sabkhahs
existing in the different regions of the Arabian shelf,

focusing mainly on the eastern, western and Najd
regions, The eastern regions include sabkhahs identified
in the Gulf coast, Al-Hofuf and east Al-Rubh Alkhali.
El-Farra reported that there were 150 sabkhahs along
the Arabian Gulf (i.e. Sikak, 800 km®; ar Riyas, 900
km®; Salwah and Mashakhil sabkhahs) and about 30
sabkhahs east of Al-Hofuf. 1t was clear after reviewing
the lnerature that there is insufficient data published on
the chemical and mineralogical characteristics of the
sabkhahs in the Arabian Shelf.

The main objective of our study was to examine
the pedo-chemical characteristics of selected inland and
coastal sabkhahs formed under the Arabian Shelf
formations. A second objective was 1o evaluate the
effect of saline conditions on the mineralogical
composition of selected surface salt crusts of sabkhahs.

Materials and Methods

DESCRIPTION OF THE STUDIED SABKHAHS: SIx
sabkhahs were selected for this study to represent the
coastal and inland sabkhahs in eastern and central
regions of the Arabian Shelf (Figure 1), Rumadan
sabkhah is located in the eastern region near
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Abgaiq and is connected o the Arabian Gulf through
sabkhat Dannan. It is one of the coastal and dry
sabkhahs and lies at an elevation of 100 m above sea
level (asl). The water table level was found at 45 to 60
cm below the surface. Profiles 1, 2 and 3 were taken
from the sabkhah surface, the foot slope and the top of
a surrounding sand dune, respectively. The dominant
natural vegetation in the sabkhah surfaces are
Zygophyvllum qattarense, Zygophyllum Coccinewm and
Halopeplis Perfoliataa, while Hammada elegans Sp
dominates higher on the sand dune.

Sihat sabkhah is located near the coast of the
Arabian Gulf. It is considered to be a wet coastal
sabkhah and lies at 20 m asl. The dominant natural
vegetation is mainly extensive shrubs. Profile 4 was
taken from the sabkhah surface.

Ad-Dammam sabkhah is located on the Gulf near
the Dammam-Riyadh road 20 km from Dammam and
is considered as one of the coastal sabkhahs. It lies at
20 m asl. Profile 5 was collected from the sabkhah
surface sediments. The profile depth is limited by the
presence of a very hard layer at 80 cm deep.

Yibrin sabkhah is located 7.5 km west of Yibrin,
It is one of the dry inland sabkhahs and lies at 160 m
asl. Many Wadis are associated with this sabkhah (e.g.
Wadi Wabzah). Profiles 6 and 7 were collected from
the sabkhah surfaces.

Al-Milh “Mamlahat Al-Qasab" sabkhah is located
in the central region 60 km Northwest of Riyadh, It
lies at an elevation of 600 m asl. The sabkhah is
surrounded by the Twaig mountains from the north and
east, elevation 1022 m asl, and sand dunes of Urag Al-
Buldan from south and west, 700 m asl. This sabkhah
is connected with Wadi Bu'aythiran and Wadi Wirat
through a drainage system. Scattered natural vegetation
such as Halopeplis perf is present. Profile 8 was
collected from the sabkhah surface.

Al-Awasjiah sabkhah is located in the central
region 5 km from Al-Awasjiah. It lies at 600 m asl and
is surrounded by sand dunes from east Nafud ath
Thuwayrat and from west Naas Sirr. These lie at 800
m asl. Scattered farms exist in the area at elevations
higher than the sabkhah level. Profiles 9, 10 and 12
were taken from the sabkhah surface, while profile 11
was collected to represent the surrounding dunes.

SAMPLING AND ANALYSIS: The location of the profiles
was selected to represent the surface features dominant
in each of the sabkhahs (i.e. the physiographic position,
wetness conditions, slope and presence or absence of
natural vegetation). Profiles were dug, deep,
morphologically described and then representative
samples were collected from the surface salt crust when
present. Various analyses were carried out as follows;
calcium carbonate (CaCO,) content was determined by
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calcimeter according to US Salinity Laboratory Staff
(1954). Gypsum (CaS0,-2H.0) content was determined
according to Berigari and Al-Any (1994). Soluble salts
(EC,) were assessed in the saturation paste extract using
an electrical conductivity meter capable of measuring a
relatively wide range of salt levels. Soluble cations and
anions were determined in the saturation paste extracts,
after the appropriate dilutions. according to the standard
methods outlined by Page er al. (1982). Na' and K*
were measured by flame photometry, Ca’" and Mg™*
by titration with versenate, CI* by titration with a
standard silver nitrate solution, CO,” and HCO, by
titration with HCI and SO," by wrbidimetry. Water
soluble B'* was measured in the saturation paste extract
using the Azomethen-H method (Bingham, 1982).
Water samples were collected from the standing water
table in the auger hole of each profile followed by
chemical analysis according to the standard methods
(Page er al., 1982).

Mineralogical analysis of the salt crust was carried
out on the collected samples by X-ray diffraction,
following grinding and powder mounting of the fine
materials { <2.0 mm) on aluminum holders. Selected
samples were heated in an oven at 105°C for 2 h before
examining by X-ray diffraction. A Philips difractometer
equipped with a Cu tube was used to obtain the X-ray
diffraction data. Scans were run at 2 degrees theta per
minute from 6 to 30 Identification of the evaporite
minerals was carried out according to Braitsch (1971),
Gumuzzio et al. (1982), Whittig e al. (1982) and
Doner and Lynn (1989,

Results and Discussions

The relief of sabkhah surfaces was level. The
texture of the Rumadan sabkhah surface profile and the
surrounding dunes was sandy. Sihat and Ad-Dammam
sabkhahs had sandy clay loam and loamy sand texture
throughout their profiles, respectively. Yibrin sabkhah
had a-loamy texture below the surface crust and a sandy
loam texture in the underlying lavers. The texture of
Al-Malh sabkhah was clay loam in the surface layer
underlaid by sandy loam and clay in the deep layers.
Al-Awasjiah sabkhah had sandy to sandy loam texture
in the layers. The observed variations in texture within
and between the studied sabkhahs were due to the
sediment sources and sedimentation pattern of each
sabkhah. Salt crusts having variable thickness were
present in both inland (2-15 cm) and coastal (2-3 cm)
sabkhahs. They had slight to strong effervescence and
similar soft to hard fine crystals. Water table levels
were ~shallow in most of the studied profiles,
particularly those representing (he sabkhah surfaces.
There were very hard layers close to the surface in the
Silhate and Ad-Dammam sabkhahs.
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Climatic data for the coastal sabkhahs were
collected from the nearest meteorological station in Al-
Hassa for which the mean annual precipitation was 78.9
mm. The highest monthly evaporation occurs in June
and July with values of about 450 mm. The Riyadh
meteorological station was the nearest station to Al-
Malh inland sabkhah. The mean annual precipitation
was 83.3 mm while the monthly evaporation ranged
from 102.7 mm in January to 354 mm in June. The
Unayzah meteorological station was the nearest to the
Al-Awasjiah nland sabkhah where the mean annual
precipitation was 69.5 mm. Accordingly, long periods
of meisture deficit occur. The upward movement of
water and accumulation of surface salt crusts was
abundant throughout most of the year. Under such
climatic conditions certain mineralogical species are
likely to be found in the surface salt crust (Gumuzzio ef
al., 1982).

COASTAL SABKHAHS: Data of profiles 1, 2 and 3 show
relatively low saturation percentage. SP. values
reflecting the sandy texture of all layers, except the
deepest layer of profile 3 (Table 1). Calcium carbonate
contents were quite low, while the pH values ranged
from 7.14 to 8.25, Relatively low gypsum contents
were present in the different profile layers with the
highest amount occuring at the surface. Variable Ec,
values were detected with the highest values appearing
in the sabkhah surface profile. These variations could
be due to downward movement of soluble salts from the
higher elevation (profile 3) and their accumulation in
the lower elevation (sabkhah surface, profile ). This
was also clear from the level of salinity and its
distribution within and between profiles 2 and 3. Salt
crust was present only in the sabkhah surface profile
reflecting the higher salinity level and the upward
movements of salts and their accumulation on the
surface. Sodium ions were the dominant cation in the
saturation extracts, followed by Mg®™ in the higher
salinity samples and Ca’" in the relatively low salinity
samples. Further, the Mg**/Ca’" ratios increased with
an increase in salinity values. This trend may have
been due to the existence of saline water rich in Mg*”
from the Gulf. Analysis of the water table samples of
profile 1 (Table 2) supports this trend since the salinity
level was quite high and Mg™" was the second dominant
cation. In addition, the values of Na™/Mg** and
Na/Cl ratios were quite similar in both water table
and Gulf water samples, Chloride ions were the
dominant anions followed by SO,~ with HCO, being
the lowest. Accordingly, the dominant soluble salts
could be in the form of chlorides and sulfates of Na~,
Mg** and or Ca’". Waler-soluble B'* was relatively
high in the sabkhah surface profile. Chemical analysis
of the surface salt crust (Table 3) indicated the
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dominance of chloride and sulfate salts of Na™ followed
by Mg** and Ca*’, while K' was relatively low. Salt
distribution and compositions which resulted from the
upward movements through the profile can be explained
by the chemical solubility, particularly in the sabkhah
surface  profile (Hardie and FEugster, 1970).
Precipitation of Ca™ " in the form of calcite or gypsum
depletes the solution in Ca’ " ions. Next calcite-gypsum
and mixed Na-Mg-(S0,) minerals may occur as saline
water migrates upward through the profile (Timpson et
al., 1986). Similar patterns were found by Butler
(1969) who reported constant Mg™"/Ca’" values with
increasing Mg”' concentrations for the Trucial Coast
near Abu Dhabi. This suggested equilibrium conditions
hetween brines and evaporite-carbonate minerals. Data
for Sihat Sabkhah (profile 4) showed that the calcium
carbonate content was quite high whereas the gypsum
was relatively low. Levels of salimty and water-soluble
B were particularly high in the surface layers. Ths
trend may reflect the long term accumulation of salts in
the surface lavers via evaporation. Sodium is the
dominant cation followed by Mg™" and Ca’" ions.
Considerable concentration of K' ions were also
present. Chloride was the dominant anion followed by
SO,” and HCOQ, . The dominance of Na' and Mg*”
cations and C1 anions indicated that the main source of
salinity was the sea water coming from the Gulf
through direct seepage and wind action. This trend
agreed well with the analysis of Gulf water and the
water table samples (Table 2) which were closely
similar in  salinity levels, ion compositions and
Na®/Mg'' and Na'/Cl molar ratios. Data of profile 1,
which represent the Ad-Dammam sabkhah i Table 1),
show that gypsum was present in appreciable amounts
in the deepest two layers of the profile whereas CaCO,
contents were quite low with no trend in distribution
with depth. Salinity levels were quite high and
decreased with depth. Salts were dominated by Na“,
followed by Ca®" in the salt crust. whereas Mg™" was
the second dominant ion in the other layers. Regarding
the anions, Cl dominated followed by SO,% then
HCO, . Therefore, the dominant salts were chlorides
and sulfates of Na* followed by Ca’" or Mg~ and K~

[t appears that the chemical composition of the
coastal sabkhahs was affected mainly by the salt water
of the Gulf either through direct seepage or through
wind action which carried the saline water droplets to
the sabkhah or the surrounding dunes and then to the
sabkhah surface through leaching. This finding was
consistent with the ion ratios Na~/Mg** and Na'/Cl of
the Gulf water and the water table of the coastal
sahkhahs. Further, the values of water soluble B'”
increased with the increase in salinity of the different
layers. Therefore, the main pedo-chemical process
taking place in the coastal sabkhah was the upward
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movement of saline water through the profile and
accumulation of salts at the sabkhah surface as a result
of evaporation. At higher elevations, particularly in the
surrounding dunes, downward movement of solutes was
an effective process in leaching accumulated salts.
Periodic flooding of the sabkhah surfaces could also
disturb the chemical balance in the profile thus affecting
the sult level, composition and distribution within the
profiles and the crust (Butler 1969). The difference in
salinity between the sabkhah surface profiles may have
been due to the periodic flooding or other processes
which reduced the salt levels of Rumadan (100 m asl)
relative to those of Ad-Dammam (20 m asl) and Sihat
{20 m asl) sabkhahs. In addition, the surrounding
dunes of Rumadan sabkhah, which had very low
salinity levels, constitute an important land resource for
agricultural development, provided that irrigation water
can be secured.

INLAND SABKHAHS: Data in Table 4 indicate that
relatively high contents of gypsum were present in
Yiprin sabkhah (profiles 6 and 7) with an increasing
content with depth as in profile 6. Levels of soluble
salts were quite high in the surface layers but decreased
drastically with depth in both profiles. Soluble Na" and
Cl were the dominant ions followed by Mg®* in the
very high salinity samples and Ca’" in the relatively low
salinity counterparts,
soluble K™ were present in the upper layers of profile
6. Therefore, NaCl was the main soluble salt followed
by Mgt or Ca’" chlorides. Sulfate anion was
relatively low and may be controlled by the presence of
gypsum. Ratios of Na™ /Mg " and Na'/Cl showed no
specific distribution trend with depth, while the
Mg**/Ca®" ratio increased with increasing salinity. The
rise in the Mg?*/Ca*" ratio can be attributed to the
precipitation of Ca®" ions as carbonate and sulfate
minerals. On the other hand, relatively low salinity
levels were present in the dunes surrounding Yibrin
sabkhah (profile 7), even through it had a thick surface
salt crust rich in gypsum and depleted in CaCO,.
Therefore, the main process affecting the formation of
the Yibrin sabkhah was the accumulation of salts and
gypsum through evaporative concentration as well as
accumulation of gvpsum and salt-rich sediments from
the surrounding wadis. Data from the Al-Milh
“Mamlahat Al-Qasab” sabkhah show that CaC0Q; and
CaSO.2H,0 contents were relatively high in the
different layers of the profile (profile 8). The amounts
of soluble salts were guite high particularly in the
surface layers and were dominated by NaCl followed

by Ca*' or Mg*" chlorides. Relatively low levels of

sulfate ions were present which could be controlled by
the presence of gypsum. Similarly, no specific trend
was observed for Na®/Mg®' ratios m the different

Relatively high contents of

fd

layers. Data from Al-Awasjiah sabkhah showed high
salinity levels and wvariable gypsum contents in the
profiles representing the sabkhah surface, whereas
contents in the surrounding dunes were very low.
Relatively high quantities of CaCO, were present in the
wet sabkhahs of profiles 9 and 10, The surrounding
dunes generally had sandy textures throughout the
studied lavers. The variation in texture of profiles and
layvers could be due to the lack of homogeneity amongst
the parent materials from which the sabkhah surface
wis tormed. Sodium chloride was the dominant soluble
salt followed by Mg®" or Ca’" salts in the higher and
lower salinity samples respectively.  Salinity of the
surrounding  dunes low with high Ca*’
concentrations relative to Na' and Mg*'. Relatively
high Na'/Mg*" and Na /Cl ratios were present in the
dry sabkhah (profile 12) as compared with those of the
wet sabkhah (profiles 9 and 10). This could be related
to the existing conditions of drying which may have
precipitated Mg in slightly soluble forms. A similar
trend was observed for the Mg™ /Ca’" ratios, which
showed relatively higher values in the wet sabkhah
compared to that of the dry one. Concentrations of the
total soluble salts were extremely high in the water
table samples of the inland sabkhah (profiles 8,9, 10
and 12). Dominant salts were mainly Cl followed by
SO, of Na' and Mg™"

Correlation coefficients (r') between EC, values
and saturation paste extract compositions were B'*
(0.17), Na® (0.91), Cl (0.88), and Mg*"(0.37). Values
of (r') indicated that Na™ and C1* contributed more to
EC, values than B and Mg '. The ion ratios
Na'/Mg’™, Mg’ /Ca’"and Na'/Cl of the water table
{Table 2) were guite similar (o profiles 9 and 10 while
profiles 8 and 12 were different. Under the existing
conditions of high salinity, evaporation will cause
precipitation of slightly soluble compounds in the
profile and at the surface. This process will deplete the
solution in some ions and change the concentration of
ions, ion ratios and chemical composition of the profile
layers. The high values of the Mg*'/Ca’" ratio of the
water table samples and the profile lavers of Al-
Awasjiah sabkhah could have heen due to the
precipitation of calcite and gypsum and the depletion of
the solution in Ca’” ions. This process 1s consistent
with the presence of relatively high gypsum and calcite
contents. Further, the content of water-soluble B** in
the studied inland sabkhahs was relatively low
compared with that of the coastal sabkhahs. This was
due mainly to the source of the sabkhah sediments as
well as the source and composition of the water table
and salts.

Wik

CHEMICAL COMPOSITION AND MINERALOGY OF SALT
CRrRUSTS: Analysis of salt crusts samples was carried out
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using sample water ratios ranging from 1:100 to
1:1000. Data are presented only for the 1:500 ratio
{Table 3). Results indicated that the effect of increasing
the dilution of the suspension was to reduce the EC
values. No significant change in the ion content
(g-kg ') of samples was found as a result of dilution
except for Ca’™ and sulfate ions in the high gypsum
samples, e.g. at Yibrin. Soluble Na™ was the dominant
cation followed by Ca®*, Mg** and K™ in all salt crust
samples but one, namely, the Yibrin sabkhah (profile
7). Here Ca** dominated followed by Mg*". Na~ and
K*. Besides the Yibrin sabkhah profiles which were
rich in sulfates, anions were dominated by CI'.
Therefore, with the exception of the sabkhah of Yibrin,
the dominant soluble salts in salt crust samples were
mainly CI” and SO,” of Na*, Ca®* and Mg*". The
former, however, was dominated by Ca’* and SO, in
the surrounding dunes (profile 7) and SO,” of Na™ and
Ca**in the dry sabkhah surface (profile 6). X-ray
diffraction patterns of the different salt crust samples
(Figure 2) confirmed the presence of halite (NaCl)
mineral as a major salt constituent in the coastal
sabkhahs. Gypsum, epsomite (MgS0,.7H,0), bloedite
(Na,MgS0,4H,0) and dolomite (CaMg(CO,),) were
also present in relatively low contents (Table 3).
Quartz was detected in almost all samples particularly
in the coastal sabkhah sample which undoubtedly was
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due to eolian action. The salt crust of Yibrin sabkhah
showed different mineralogy. The dry crust contained
almost entirely pure gypsum {(profile 6) with the
surrounding dunes being rich in gypsum and halite
iprofile 7). Other minerals were detected in both
profiles e.g. calcite, bloedite. epsomite, dolomite and
anhydrite (CaS0,). Traces of the mineral analcime
were detected in profile 6 from the characteristic peaks
(d-spacing) at 0.342, 0.292 and 0.558 nm (Gude,
1981},  Wariations in mineralogy are undoubtedly
related to the composition of the solution and sediments
which appeared to be rich in gypsum and other
sedimentary rocks. Surface crusts of Al-Awasjiah
sabkhah were dominated by halite with minor guantities
of gypsum, bloedite, thenardie (Na,SO,), epsomite and
calcite minerals. Tt is worth mentioning that the
identified minerals and in particular gypsum and the
Na' and Mg"™ sulfates were subject (o seasonal changes
due to temperature variation and to other prevailing
climatic factors. Timpson er al. (1986) concluded from
their study on the evaporite mineralogy that hydration
state, mineral occurrences, and mineral solubility were
seasonally dependent. Further. Driessen and Schoorl
(1973) reported on the temperature stability of
mirahilite and thenardite with respect to hydration
Similarly, heating the samples at 105°C
followed by examination using X-ray diffraction
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Figure 2. X-ray diffraction pattern of selected salt crust samples
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indicated the elimination of gypsum peaks and the
appearance of new diagnostic peaks for bassanite
(CaSO,+112H,0), (Figure 2). Therefore, the absence of
gypsum peaks on heating confirms the conversion of
gypsum crystals to bassanite in all gypsum containing
samples. This mechanism might partially occur under
the prevailing arid climate.

Conclusions

Very high quantities of water soluble salts were
present in the sabkhah surfaces. The composition of the
coastal sabkhahs was closely related to the composition
of the Gulf water whereas inland sabkhahs were
associated to local environmental conditions and seeps
This was confirmed from the similarity in salt levels,
ion ratios and the relatively high correlation coefficients
between EC_ and water soluble B'" (r'=0.8) or
Mg* ' (r=0.6) in coastal sabkhahs as compared with the
inland sabkhahs (r=0.17 and 0.37) respectively. The
main pedological process affecting formation of the
coastal sabkhahs were the upward movement of the
water tables rich in salts originating mainly from Gulf
waters either directly or through wind action
Leaching, accumulation of sediments, and evaporative
concentration of the solutes were the processes
prevailing in the inland sabkhahs. Salt crusts were
dominated by C1 and SO, of Na*, Mg"" and Ca®"
salts where K' salts were present in low concentrations.
X-ray diffraction patterns confirmed the presence of
halite, gypsum and carbonate minerals associated with
various other minerals. Epsomite and bloedite were
identified in the coastal and inland playas. Specific
minerals and relative abundance was quite variable
between the evaporites and the characteristic conditions
of each sabkhah. The major differences between the
inland and coastal sabkhahs were related to the sources,
composition, and depth of the water tables. This, of
course, reflects the composition and mineralogy of the
profile and the surface salt crusts.
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