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Fifty-seven beach sediment samples were collected along the beaches of Abu Dhabi, United Arab Emirates to determine their
geochemical composition using X-ray fluorescence and ICP analysis. Two dominant sediments groups i.e. marine biogenic carbonate
and terrigenous sediments were identified through major elements scatterplots and ternary diagram of the dominant major elements.
CaO0 has shown negative correlation with all major and most of the trace elements with exception Sr, As and U. The scatter plots for both
Al,O; and SiO, show positive correlation with all major elements with the exception of CaO and LOI and all the trace elements with
exception of Sr,As and U. Therefore, strontium, uranium and arsenic are considered to have marine origin.
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1. Introduction. The compositions of coastal sedi-
ments are influenced by numerous factors, including
source composition, sorting, climate, relief, long shore drift,
and wave action. Among other factors, beaches are also
subject to local processes such as tidal regimes, fluvial
discharges, and wind transport [4]. Beach sands are gen-
erally composed of quartz, feldspar, other silicates, lithic
fragments, and biogenic material such as shells, and are
products of weathering, fragmentation and degradation.

Previous research on the origin and genesis of the
mineral phases, especially carbonate, in coastal systems
have focused mainly on examples from the Bahamas, the
Caribbean sea, and a few other areas of the world [2, 3]. In
the study area, Evans, Kendal, and Skip with [7] and
Kendell and Skipwith [9] made preliminary studies of the
sedimentary facies and diagenetic minerals. Evans et al.

[8] explained the mode of formation of the Abu Dhabi,
United Arab Emirates (UAE). Alsharhan and Kendell [5]
described the carbonate and evaporites of Abu Dhabi. El-
Sammak [13] investigated sediment characteristics and
metallic element concentrations in the water of Dubai
creek. However, until now, studies investigating the geo-
chemistry of beach sands of UAE in general and Abu
Dhabi in particular have been few.

The purpose of this study is to describe the geochemical
compositions of fifty seven beach sand samples collected
along the shoreline of Abu Dhabi. The study presents new
data obtained by X-ray fluorescence (XRF) (Table 1) and
Inductively Coupled Plasma—Mass Spectrometry (ICP-MS)
analyses (Table 2), and will be used to describe the broad
relationships between abundances of elements in the beach
sands, composition and their possible provenances.

XRF analysis of the major elements, expressed as weight percent oxide Table
Sample Al,O; Cao Fe,0; K0 MgO MnO Na,O P.Os Sio, TiO, L.Ol
1 2.41 29.37 1.13 0.55 3.30 0.01 0.95 0.04 31.84 0.11 27.13
2 1.1 48.63 0.38 0.20 2.07 0.00 0.91 0.06 9.01 0.06 36.83
3 213 36.82 0.67 0.44 1.94 0.01 3.73 0.05 16.81 0.12 38.25
4 2.91 31.71 1.02 0.55 249 0.02 1.27 0.05 26.49 0.14 28.22
5 272 37.37 0.99 0.45 1.92 0.02 1.25 0.06 22.61 0.20 33.33
6 1.25 37.79 0.45 0.32 2.79 0.00 4.90 0.04 8.01 0.08 44.80
7 3.28 31.72 1.15 0.63 2.23 0.03 1.13 0.05 31.86 0.18 27.71
8 1.77 41.34 0.58 0.34 1.79 0.01 2.24 0.04 14.03 0.10 38.30
9 3.75 31.20 1.10 0.65 2.33 0.03 1.75 0.06 30.96 0.20 28.40
10 2.43 23.09 0.82 0.73 2.01 0.01 1.24 0.04 48.36 0.11 21.44
11 0.47 48.89 0.28 0.10 1.05 0.00 0.76 0.04 3.89 0.04 42.29
12 2.25 38.64 0.82 0.40 2.64 0.01 1.56 0.05 18.12 0.15 35.22
13 1.61 38.14 1.47 0.24 4.83 0.02 1.25 0.03 17.82 0.09 34.47
14 3.44 32.19 1.02 0.60 1.94 0.02 1.57 0.06 30.81 0.18 28.42
15 3.82 28.39 1.03 0.76 2.27 0.03 2.08 0.05 38.64 0.15 22.70
16 3.14 32.82 0.89 0.60 1.73 0.02 1.58 0.06 30.55 0.15 28.99
17 2.54 36.08 0.73 0.45 3.87 0.02 1.43 0.03 20.03 0.13 34.34
18 3.39 30.87 1.37 0.58 2.93 0.03 1.08 0.05 32.25 0.18 27.06
19 4.42 26.11 1.19 0.81 2.25 0.03 2.1 0.06 38.71 0.21 24.92
20 1.72 36.79 0.67 0.40 2.56 0.01 3.92 0.05 13.74 0.11 37.55
21 2.67 37.04 0.69 0.46 1.81 0.02 1.83 0.04 21.41 0.14 34.05
22 3.17 34.30 0.92 0.55 2.46 0.02 1.50 0.05 25.15 0.18 31.39
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End table 1
Sample Al,O; CaO Fe,0; K,O MgoO MnO Na,O P05 SiO, TiO, L.Ol
23 0.94 48.52 0.43 0.15 1.70 0.00 0.32 0.03 6.68 0.09 40.07
24 0.49 48.71 0.22 0.12 0.85 0.00 1.45 0.04 3.58 0.04 43.59
25 2.35 32.70 1.31 0.48 3.97 0.02 0.96 0.05 28.68 0.11 29.23
26 1.39 42.71 0.55 0.28 1.80 0.01 1.20 0.09 12.40 0.08 39.02
27 2.84 30.45 1.42 0.50 5.33 0.03 1.05 0.04 26.48 0.16 28.86
28 3.39 30.45 1.24 0.65 2.81 0.03 1.35 0.06 31.94 0.19 27.69
29 2.70 31.51 1.56 0.46 5.41 0.03 0.91 0.05 26.07 0.16 28.97
30 3.48 22.81 1.56 0.63 6.04 0.03 1.50 0.06 28.64 0.20 23.66
31 2.93 33.73 1.03 0.52 3.00 0.02 1.30 0.06 23.84 0.20 30.57
32 0.62 49.65 0.29 0.11 1.22 0.00 0.67 0.05 4.56 0.05 41.96
33 0.85 42.49 0.48 0.24 3.32 0.01 4.03 0.03 4.07 0.05 44 14
34 4.31 23.84 1.16 0.93 2.90 0.03 1.86 0.05 42.29 0.19 22.58
35 1.02 43.13 0.80 0.21 3.00 0.01 1.13 0.05 11.51 0.07 38.78
36 0.85 47.58 0.33 0.17 1.30 0.00 0.84 0.06 7.25 0.06 40.92
37 1.20 37.28 1.06 0.30 4.28 0.01 0.84 0.04 21.29 0.07 40.00
38 0.70 48.23 0.32 0.13 1.40 0.00 0.65 0.05 6.52 0.05 42.02
39 1.35 45.53 0.44 0.24 1.60 0.01 0.97 0.05 10.53 0.10 38.90
40 0.73 48.65 0.24 0.13 1.01 0.00 0.76 0.05 6.24 0.05 41.26
41 1.28 41.19 0.72 0.29 2.09 0.01 0.93 0.05 17.28 0.10 35.65
42 3.76 33.42 1.27 0.48 3.54 0.03 1.48 0.05 25.44 0.18 30.00
43 212 34.18 0.84 0.56 2.28 0.01 1.05 0.04 28.82 0.10 30.19
44 2.10 34.62 1.77 0.38 5.58 0.02 0.95 0.05 23.01 0.14 31.37
45 2.22 38.50 0.81 0.40 2.30 0.02 0.99 0.06 19.27 0.14 33.83
46 2.48 38.33 0.90 0.47 2.66 0.02 1.64 0.05 18.01 0.15 35.17
47 1.90 42.33 0.81 0.37 2.25 0.01 1.25 0.05 13.68 0.11 37.71
48 1.49 40.53 0.55 0.38 1.47 0.01 0.93 0.05 18.62 0.11 35.41
49 2.39 35.02 2.15 0.25 6.92 0.03 0.81 0.05 20.89 0.13 30.33
50 2.78 27.72 0.98 0.65 1.81 0.02 0.83 0.05 40.68 0.21 23.93
51 2.99 34.32 1.1 0.54 2.01 0.02 1.14 0.06 27.61 0.23 29.63
52 1.81 40.77 0.74 0.35 1.78 0.01 0.86 0.06 18.22 0.12 34.77
53 3.41 31.79 1.10 0.61 2.48 0.03 2.19 0.06 29.12 0.27 29.85
54 1.25 43.70 0.48 0.25 2.22 0.01 0.94 0.08 11.95 0.12 38.38
55 4.33 26.53 1.10 0.78 273 0.03 2.34 0.06 37.21 0.23 25.53
56 1.72 36.28 1.08 0.41 3.30 0.01 0.78 0.04 24.17 0.12 31.70
57 0.36 50.97 0.23 0.09 0.80 0.00 0.82 0.05 2.66 0.03 43.35

1.1. The study area is located in Abu Dhabi emirate
(state) which is the capital and the largest city in the United
Arab Emirates. Abu Dhabi, accounts for 87 percent of the
UAE's total area (67,340 square kilometers), with an esti-
mated population of 896,751 in 2009. Abu Dhabi generated
56.7% of the GDP of the United Arab Emirates in 2008.
UAE is situated in southwest Asia, boarding on the Gulf of
Oman and the Arabian Gulf, between Oman and Saudi
Arabia. It is located along the northern part , approaching
the strait of Hormuz which is a central transit point for world
crude oil. the UAE lies between 22°50' and 26°00' north
and between 51°00" and 56°25' east. The climate in the
UAE is hot and humid in the summer time, moderate with
slight raining in the winter. the average temperature in the
coastal site of Abu Dhabi emirates is 43°c between May
and September, and 14°c between October and April.

The United Arab Emirates coast is mainly Holocene
sediments accumulated on Neogene sedimentary rocks
(Fig. 1). The Miocene substrate consists of a sequence of
marls, sandstone, limestone, and the evaporation occurred

with a southward gentle dip [10]. Along the coast these
rocks crop out northeast — southwest escarpment with
height more than 35 m, paralleling the United Arab
Emirates escarpment called by valleys that trend northwest
— southeast. The valleys and ridges orientation is similar to
that of many of local islands and lagoons, suggesting a
combinable structural control and dominant wind blowing
from the northwest. Distinguishing between these structural
and wind controls is difficult. Banked up against the Neo-
gene rocks and covering them are Quaternary Carbonate
known locally as Miliolite [11, 12]. During the last major
glacial eustaticchange the sedimentary rocks were depos-
ited in the Arabian Gulf. These largely aeolian sands line
the inner margins of the present — day salt flats or sabkhas
and sometimes their festoon cross beds are exposed as
wind-deflated surfaces [14]. They underlie much of the
Holocene carbonate evaporate complex and form the core
barrier island and headlands. Walkenden and Williams [6],
however, argue that since The Arabian Gulf, where the
study area is located, has been above sea level for over
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much of the past 2.5 Ma, and since it is in tectonic, eustatic
and depositional disequilibrium it should not be considered
a ramp. Despite this controversy, the Holocene sedimen-

tary fill of the current Gulf has been and will continue to be
used as a model for a carbonate ramp [15].
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Fig. 1. Geological map of the study area (Simplified from EAD, 2012)

2. Material and Methods

2.1. Sampling. 57 beach sediment were collected from
the study area (Fig. 2). Sampling was manually conducted
from the coastal sites under the condition of 10-15cm in
length and 5.5 cm in diameter. handling the soil samples
followed the 1981 EPA/CE-81-1 protocol [1] the collected
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samples were taken in polyethylene bags and transported
in sample container 3—4 hours after collection for various
analyses. Sample analyses were run out by the Acme labs,
Canada, and central analytical facilities, Stellenbosch uni-
versity, South Africa.
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Fig. 2. Abu Dhabi map with blue dots positioning the 57 sampling locations

2.2. Sample analyses were run out with a help ofX-ray
fluorescence (XRF) (Table 1) and Inductively Coupled
Plasma—Mass Spectrometry (ICP-MS) analyses (Table 2)

bythe Acme Labs, Canada, and Central analytical Facili-
ties, Stellenbosch University, South Africa.
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To understand the composition, distribution and the
source of the beach sediment. Univariate and bivariate
analyses were carried out, distribution of the dominant major
elements and scatter plots of CaO, Al,O3; and SiO,, against
major and trace elements were studied. Ternary diagram of
the three major components, i.e., CaO, SiO, and Al,O3 was
plotted to discover the dominant sediments type.

Results and Discussion. Major and trace element
analyses of Abu Dhabi beach sands are listed in Table 1
and 2. The beach sands have moderate to high contents
CaO, with abundances ranging 22.81 to 50.97 in wt.%
(Table 1), and average of 36.97 in wt.% well above the
4.24 wt.% present in the average. Upper continental crust
(UCC) reported by Wedepohl (1995) [15]. The higher val-
ues in the beach sands reflects their biogenic carbonate
content. The next most abundant element is SiO, ranging
between 2.66 to 48.35 in wt.% (Table 1), averaging
21.23 wt.%, less than in UCC (66.62 wt.%). Among the
remainder LOI (33.42 wt.%, range 21.44-44.80 wt.%,),
AlLO3 (2.23 wt.%, range 0.36—4.42 wt.%), MgO (2.64 wt.%,
range 0.80-6.92), Na2O (1.43 wt.%, range 0.32—4.90 wt.%)
are the most abundant on average. Fe;Os; (average
0.89 wt.%), K>O (average 0.43 wt.%), TiO, (average
0.13 wt.%) are present in small amount, whereas MnO and

P>Os both averaging 0.02 and 0.05 wt.%, respectively are
present only in trace amounts (Table 1). In all samples the
CaO and LOI contents are above 20 wt.%, suggesting that
marine biogenic CaCO3; component is dominant in Abu
Dhabi beach sediments.

Table 2 also shows the concentration of trace elements
in the beach sand of Abu Dhabi. Strontium (Sr) has the
highest concentration, averaging 2434.02 ppm ranging
from 560.90 to 7243.60 ppm, followed by Chromium (Cr),
averaging 27248 ppm and ranging from 0.001 to
752.62 ppm. Barium contents are significant varying from
28 to 396 ppm, whereas Zirconium varies from 11.60 ppm
to 300.10 ppm, Nickel varies 3.50 to 118.20 ppm. Uranium
content varies from 1.30 to 4.60 ppm, while Thorium varies
from 0.20 to 2.50 ppm. Arsenic contents varies between
1.40 to 5.10 ppm. Concentration of other trace elements
are very low.

The mean, standard deviation, minimum, maximum,
values generated from the analyses of the 57 beach sand
samples are presented in Table 3. The standard deviation
of the beach sands chemical composition showed that the
sands in the beach area is not uniform. The variation could
be attributed to difference in their sources.
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Fig. 3. Major elements — CaO variation in beach sand samples
from Abu Dhabi, United Arab Emirates

Correlation involving CaO may be attributed to marine
biogenic carbonates. The strong positive correlation be-
tween Sr — CaO and Sr — LOI (Table 3, Fig. 3) suggests
that strontium is associated with CaO in marine biogenic
carbonate material. Similarly the correlation between
U-CaO and U-LOI propose the association of uranium with
CaO in marine biogenic carbonate, in contrast to Th that
has positive correlation with SiO, and Al,O3 suggesting that
thorium has terrigenous sources possible from felsic rocks.
As is negatively correlated with most of the major element
with exception of CaO, NaO and LOI.

Significant correlation was found among trace elements
(Table 3, Fig.4), especially Ni-Co (r,=0.76), Co-Th
(ro=0.61), Pb-Zn (r2=0.52), Cu-Zn (r»=0.65), Ni-Zn
(r2=0.66), Th-V (r,=0.84), Nb-V (r.=0.81). Cr.O3 is mostly
positively correlated with Fe,O3, MgO, Co, Nb, V, and Zr,
indicating possible heavy mineral minerals and weathering
of chromatite rich rocks.

CaO is positively correlated with LOI, Sr, U and As, while
is negatively correlated with almost all the major, minor and
trace elements, thus suggesting that strontium, uranium and
arsenic has marine origin and not from the continent.
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Fig.

4. Minor and trace elements — CaO variation in beach sand samples

from Abu Dhabi, United Arab Emirates

The relationship between the three primary components
i.e., CaO for biogenic carbonate, SiO, and Al,O3 in the
beach sand sediments of Abu Dhabi samples are shown in

AI203*10

ternary diagram of Fig. 5. The data from the beach sand
sediments of Abu Dhabi plot mostly in CaO corner, thus
pointing at marinebiogenic carbonate materials.

Mixed biogenic carbonate
and Terrigenous

Biogenic carbonate

Heavy minerals

‘ Quartz sand

10 20 30 40 50 80 70 B0 20
Ca0 .
Increasing Quartz Sand
Increasing Marine carbonate
<

Fig. 5 Ternary plot for CaO, SiO, and Al,O,
for the beach sand sediments of Abu Dhabi, United Arab Emirates (UAE)

Conclusion. Major and trace X-ray fluorescence and
ICP results indicate that the beach sand sediments of Abu
Dhabi, United Arab Emirates are composed predominantly
of marine biogenic carbonates and terrigenous sediments.
The marine biogenic part of the beach sediment is enriched
with CaO, LOI, U, As and Sr, while the terrigeneous com-
ponent is derived from intermediate and mafic rocks rich in

chromatite (MgO, Fe2Os, CroO3 and MnO) possibly from
Semailophiolites of the Hajar Mountains of Oman and the
United Arab Emiratesrich in copper and chromite ore bod-
ies. The ternary diagram of the three major components
(Ca0, SiOz, Al,O3) suggests the dominance of the marine
biogenic carbonate sediments of the Abu Dhabi sand
rather than quartz.
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YHiBepcuteT 3axigHoi Kancbkoi npoBiHuii, M. KenntayH, MNiBaeHHa Adpuka

FEOXIMIA MNAXOBUX MICKIB ABY-AABI, O6'€A0HAHI APABECBKI EMIPATU (OAE)

Ha nnspkax A6y-[la6i, 06'cOHaHi Apabcbki Emipamu, 6yno eidi6paHo n'smdoecsim ciMm 3pa3kie nnsxoeux rnickie 05 eu3Ha4eHHs1 2e0XiMiYyHO20
cknady 3a 0oroMo20t0 peHmaeHogIyopecyeHmHo20 ma mac-crnekmpomempuyHozo ICP aHanisie. Ha ocHoei diaepam po3citoeaHHsI 20/7108HUX
eslemenmie ma po3nodiny 20/108HUx OOMiHaHMHUX KOMIIOHeHMie 6yio eu3HayeHo 08i AoMiHaHMHI 2pynu ocadkie, a came, MOPChbKi 6io2eHHi Kap-
6oHamu ma mepuzeHHi ocadku. CaO noka3ae eid’eMHy Kopesnsiyito 3 yciMa 205108 HUMU KOMIMOHeHmMamu ma 6inbwicmio po3cisHux enemeHmis, 3a
suHssmkoMm Sr, As i U. [liacpamu po3citoeaHHs, sik dns Al,03 mak i SiO, nokasanu dodamHy Kopensiyito 3 yciMa 207106 HUMU KOMMIOHeHmMamu, 3a
suHsimkom CaO i LOIl, ma 3 ycima po3cisHumu enemeHmamu, 3a aUHsIMKoM Sr, As i U, wo ceidyumsb npo mopchke dxepes1o noxodKeHHs1 OCMaHHiIXx.

Knrouoei cnoea: nnsix, nicku, 2eoximivyHull cknad
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YHuBepcuteT 3anagHon Kanckoin npoBuHumum, r. KentayH, lOxHan Adpuka

FEOXUMUA NNAXKEBbBIX MECKOB ABY-OABU, OB bEMHEHHbLIE APABCKUE SMUPATDI (OAJ)

Ha nnsixkax A6y-flabu, O6eduHeHHble Apabckue Amupamsl, 611U omo6paHbl namoecsim ceMb 6bpPa3yoe MisHKeebIX neckoe Ossi onpederie-
HUSI 2e0XUMUY€ECKO20 COCMasa C MOMOWbLI0 PEHM2EHO(TyOPeCUEHMHO20 U Macc-criekmpomempuyeckozo ICP aHanusos. Ha ocHoee duazpamm
paccesiHusi 2/1aéHbIX 3JIeMeHMoe U pacrpedesieHusi 2/1a8Hbix AOMUHaHMHbIX KOMMIOHEeHMoe ydasock onpedenums dee doMUHaHMHbIEe 2pynnbl
ocadkoe, a UMeHHO, MopcKue 6uozeHHble Kapb6oHambl U meppuzeHHble ocadku. CaO noka3an ompuyamesnibHY0 KOppensiyuto co 8CeMu 2/1a8HbIMU
KOMMOHeHmamu u 60/IbWUHCMEOM pacCesiHHbIX 3JIeMeHmos, 3a uckirdeHuem Sr, As u U. [JuaepamMmbl paccesiHusi, kak 0nsi Al,O3, mak u SiO,,
MoKa3asnu rnoJsioXumesibHyI0 KOPPeIsyuIo Co 8CeMuU 2/1a8HbIMU KOMIMOHeHMamu, 3a uckmntovyeHuem CaO u LOI, u co eceMu paccesiHHbIMU efleMeH-
mamu, 3a ucknrodeHuem Sr, As u U, ymo ceudemenbcmeyem o MOPCKOM UCMOYHUKE MPOUCXO0XOeHUsI Moc/ieOHUX.

Knroyeenie crosa: nnsik, necku, 2e0XuMu4eckuli cocmas.



