Al-Halfi and Al-Khafaji Iragi Journal of Science, 2022, Vol. 63, No. 9, pp: 3825-3841
DOI: 10.24996/ijs.2022.63.9.15

ol fragi

Journal of

ISSN: 0067-2904

Mineralogical and geochemical aspects of sand dunes in Missan
Governorate, Southeastern lraq

Fadia Waleed Al-Halfi, Sattar Jabbar Al-Khafaji*
Department of Geology, College of Science, University of Basrah, lraq

Received: 22/11/2021 Accepted: 1/1/2022 Published: 30/9/2022

Abstract

Twenty sand samples were collected from the sand dunes of Missan fields,
Southeastern Irag. Grain size distribution, mineralogical and chemical composition
were studied for the total, medium, and fine-size sand fractions. The grain size
analysis shows that the sand is the main component, followed by silt and trace of
clay. The predominant grain size of sand is 0.250 to 0.500 mm, which forms more
than 57.28 %, which indicates that these dunes were formed under the influence of
relatively strong winds and the sedimentary material is close to the source. The light
components are quartz, feldspar, and different rock fragments, while the heavy
mineral assemblages are composed of opaque minerals, chlorite, mica, and
amphiboles. Pyroxene and epidote are the common minerals, while zircon, garnet,
tourmaline, rutile, kyanite, and staurolite are in minor amounts. X-ray diffraction
(XRD) data reveals that the predominant non-clay minerals are quartz, calcite,
feldspar, and gypsum. While the dominant clay minerals are palygorskite and illite,
followed by kaolinite and the mixed layer of montmorillonite — chlorite. There is a
negative relationship between the percentage of heavy minerals and the grain size of
sand. Dunes are distinguished by a relatively high percentage of minerals derived
from intermediate and basic igneous rocks located in the Zagros belt, northern Irag.
They also may be derived from local source formations, Injana and Mukdadiya in
the surrounding areas. The average geochemical components of sand as indicated by
X-ray fluorescence (XRF) are; SiO, (61.36%), which is mainly represented by
quartz, CaO (14.08%) related to the presence of carbonate, SOz (0.05%) is
represented by gypsum, Al,O3 (6.76 %) and alkalis (2.30%) reflect the presence of
the K-feldspar and clay minerals, Fe,O; (3.2%) is attributed to the presence of
hematite, magnetite and limonite minerals. SiO, is concentrated in a medium sand
size fraction, while the other oxides are concentrated in a fine sand size fraction.

Keywords: Mineralogy, Missan field, Heavy minerals, Sand dunes, Irag.

Gl G i ¢ Clua b OIS Jlayl Alasaal) 5 dbseal) gl

* aliall jla b o el adg Al

éb:d\c M\;\:.Al;‘ r:jl:d\;\:zﬁc ua)&\?lc?mé
Aadall

*Email: Khafaji52000@gmail.com

3825


mailto:Khafaji52000@gmail.com

Al-Halfi and Al-Khafaji Iragi Journal of Science, 2022, Vol. 63, No. 9, pp: 3825-3841

el a5l Gods Bhall Gy st Olase dsia (8 Ol OUES (e Al diie Gupde Curen

i) gl ( pelilly Jawgially QU ) ddbsl) JLoll alaal Shaslly Saeall Sl )
5o Jdopll Sl luall s gl e daa B G5 el s il 05Kl sa Jasl) of (el
il a8 GUESH oda o ) e Lee 57.28% (e SIS (53l (0.250-0.500 MM) da il
o Bl ilS daasl) Gl L jrad) o dasil) Augell dsally e il ZLI il s
Cu sl 5 A alae e ALED Golaal (S5 Lety , Andall adadll (e dalida glily Slaudilly 535S
Oo IS any L, Lol Y Ooleall o isaly Sl e IS OIS 5 L smial 5 Silag
Ldy) Glly crdS . AL Gl clg sl 5l o dagyll 5 cdlapsll 5 oSl 5 GsS))3)
couadly Dbl oy 5N o esd ASY) Al e goladl of ((XRD) sxilall dgd)
aabiad) clidally culidgslQl Legaly sl duwhll ooleadl L cad¥ly cuSupndldl oIS Ly
ol Gl aaag LA alaall Lgiall dacdl) G Al ADke s . (culslS — culigh)saiiga)
dausially el Lyl Hssall e dBdal bl o Dlle dusd 3smer Aol LESH uam

o US iS5 sy e il B (555 38 L ) ALY Gl Jlad Gas ST pa o 25msal

sl L OREY e b ail] Ged) 230 ity .+ Alasal Glaliall 8 323K Aol sially 4ls)
S 14.08% Lwsias CaO, )€l s lls 61.36%  Jaea 5 SIO; o8 Japll dasy)
0o IS 0 ol e Guall 35a9 (0.05%) SO; die i, ClinSll asay oSu
3y ) (3:2%) FeO5lal . ouligl) SLcddl) (alaa 2535 (2.30%) biglilly (6.76%) Al,O3
GAY) 2ulSY) S5 Ly Lausiall dojll aaa 4 SI0; S5 L Cuisadlly cumadly Cuslagd) (ks
el dojll pan B
1-Introduction
Sand dunes result from complex physical interactions between wind flow and sand beds in
the desert area [1]. Aeolian sand deposits are distributed in different parts of Iraqg, such as the
northeast belt of sand dunes that extend from Baiji to Badra and Alteeb. The sand dunes of
Missan represent one of significant Irag's dune fields and are located in the southeastern part
of this belt [2]. These dunes extended in a prevailing wind NW-SE orientation. The
commonplace characteristics of all dunes, in all international climates, their formation suggest
considerable delivery of sand-sized sediment, strong sand shifting winds, and conditions
favoring sedimentation of the sand [3]. Grain size is an important abiotic component of the
dune ecosystem, indicating the shear stress that the media must apply to initiate and sustain
particle movement [4]. The mineralogical characteristics of sand dunes indicate their sources,
properties, stability of dunes, movement, and economic importance [5, 6]. Heavy minerals
refer to those minerals that have a specific gravity greater than 2.89. However, it is very
important to investigate the parent rocks and the sources even of occurrence in small amounts
in the sand dunes [7]. Light minerals can potentially limit quartz as the most important [8].
The separation of heavy minerals from the volumetrically more abundant light minerals rarely
comprises more than 1 % of sandstones, making it necessary to concentrate them before
conducting a chemical and mineralogical analysis [9]. Previous results demonstrated that the
grain size and geochemical parameters could be used to determine the sedimentary
environment and possibly the provenance of different deposits [10-14]. There are no detailed
studies on the geochemistry and mineralogy of sand dunes in the study area under
investigation except the study of [1, 8], which concluded that quartz (66.05%), feldspar
(18.72%), and rock fragments (15.23%) which composed the major components of light
minerals, The heavy mineral assemblages consist mainly of opaque minerals, chlorite,
pyroxene, and zircon. This study aims to evaluate the mineralogical and geochemical
properties of sand dunes in the Missan Governorate to determine their sources.
2. Materials and methods
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The studied sand dunes represent a part of the major dune field belt in Irag, which is the
northeast belt of sand dunes that extend from Baiji to Badra and Alteeb that are located
northeast of Missan Governorate, between latitude (32 210 -32° 36 00 ") N, and longitude
(4653 00 - 47 21' 00") E. Five sites were selected near the Iraqgi- Iran border, Manziliyah,
Khazina, Zubadiate, Abu Ghrab, and Chailat (Figure 1).

The field trips indicated that the barchans dunes are an important form and widely
distributed in the study area. The sand dunes' shapes range from asymmetrical to symmetrical
shape. The fieldwork observed and diagnosed five types of dunes, including Barchan dunes,
Barchanoid ridges, Nabkha, Irregular dunes, and sand sheets (Figur 2).
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Figure 1- Location map of the sampling locations at the study area.
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Figure 2- Barchan dunes, Barchanoid ridges, and Nabkha types of sand dunes in the study
area.

Thirteen sediment samples were collected from the sand dunes fields during October 2020.

The dunes' dimensions and the wind's direction were indicated (Figure 3). Samples were
stored in plastic bags, and the field information (name of the site and sample number) was
written on the bags. Mechanical and Mineralogical analyses of these dunes were determined
in the department of geology, college of science, university of Baghdad, and Basrah by
applying the well-known international methods. Mechanical dry sieving analyses of the
selected samples were performed using a shaker machine; 300 gm of each sample was passed
through six standard sieve intervals that are 2, 1, 0.5, 0. 250, 0.125, and 0.063 mm,
respectively [7 and 15]. The percentage of each retained weight on each sieve was calculated
as very coarse, coarse, medium, fine, and very fine. The pipette method separated the mud
fraction into silt and clay [7]. The texture of the samples was classified according to the Folk,
1974 method [8]. Three oriented slides (untreated, heated, and ethel-glycolate) were prepared
for the identification of clay minerals by using the XRD technique at the Ministry of Science
and Technology, X-ray Laboratory, Baghdad.
Heavy minerals were separated for the fine and very fine size sand intervals using bromoform
heavy liquid, with a specific gravity of (2.89) [15, 16]. Fourteen thin sections were prepared
by spreading about 400-500 grains of heavy minerals onto the glass slide for petrographic
study by using a polarized microscope (Type Optika) based on their optical properties and
calculating their percent by the point-counting method [17]. Bulk samples were crushed using
clean agate mortar to approximately 75 pum to identify the minerals using the XRD and XRF
techniques. The diffractograms of both bulk and oriented slide samples were identified [18
and 19]. The XRF instrument was used to determine the major oxides of the sand samples.
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Figure 3- Collecting samples from the study area.

3. Results and Discussion
3-1 Grain Size Analysis

The results of grain size analysis showed that the sand is the main component of dunes in
all collected samples with an average of 99.35%, followed by silt and clay with an average of
0.47% and 0.17%, respectively (Table 1). The predominant size fraction in the sand
component is the medium size containing 57.28%, followed by fine, very fine, and coarse
sand size fractions of 33.54%, 3.04%, and 5.49%, respectively. It is important to note that the
very coarse size fraction was absent in all studied samples (Figures 4 and 5). According to the
Al-Hajjawi, 2003 descriptive classification [20], the sand of the study area is predominantly
medium sands, except sample No. 11, which is classified as fine sand. The predominant
medium-size sands in all studied samples indicate that these sand dunes were formed under
the influence of relatively strong winds, and the sedimentary material is close to the source, as
well as, the similarity in the sediment sources that believe to belong to the Injana and
Mukdadiya Formations, transportation modes and distances, weathering, and depositional
processes [21].
Table 1- Grain size analysis of sand dunes samples.

© Grain size (mm) Mud %
(=}
P4 > Very [
S bl . .
Station 2 T Very | Coars | Medium | Fine fino Sand silt | Clay éﬁ
£ © coarse e 0.250- | (0.125- (0.063- % Iy 0 |@ @)
& O | @12 | (051 | 05)( | 0.250) 0.125) 0 ° =
1 0 0 0.11 53.17 40.4 5.64 99.31 0.49 0.2
2 0 0 0 57.56 33.18 8.2 98.94 0.82 | 0.24
. 3 0 0 0 50.02 42 7.31 99.32 0.49 | 0.19
Manziliyah
4 0 0 38.2 52.3 6.77 2.04 99.32 0.43 | 0.25
5 0 0 0 58 36.14 5.35 99.49 0.35 | 0.16
6 0 0 0.11 53.17 40.4 5.64 99.32 0.47 | 0.21
. 7 0 0 0.02 66.07 29.38 4.21 99.68 0.23 | 0.09
Khazina
8 0 0 0.53 69.7 24.34 4.9 99.47 0.43 0.1 °
©
Abu-Ghrab 9 0 0 0 60.09 35.15 4.17 99.41 0.45 | 0.14 »
Zuabadite 10 0 0 0.52 74.82 23.47 0.74 99.55 0.36 | 0.09
11 0 0 0 22.73 59.67 16.68 99.08 0.7 0.22
Chailat 12 0 0 0.05 66.87 30.07 2.29 99.28 0.5 0.22
13 0 0 0 60.09 35.15 4.17 99.41 0.43 | 0.16
22.73- 6.77- 0.74- 98.94- | 0.23- | 0.09-
Range 0 0 103821 7482 | 5067 | 1668 | 9968 | 0.82 | 0.25
Average 0 0 3.04 57.28 33.54 5.49 99.35 0.47 | 0.17

3829



Al-Halfi and Al-Khafaji Iragi Journal of Science, 2022, Vol. 63, No. 9, pp: 3825-3841

80

70

60

50 [ ] n [ ]

30 A

20 4

10 A

1 2 3 4 5 6 7 8 9 10 11 12 13
No. of samples

Very fine EMFine MW Medium MWCoarse M Very coarse

Figure 4 - Average of sand size fractions.

.........

o
X

RN Ii“/' e 1 wm =\

Figure 5- Grain size distribution according to [7].

3-2 Mineralogy

In this research, the fine and very fine sand size fractions were used for mineralogical
identification. The light mineral fraction is about 95.7%, with about 4.3 % heavy mineral
fraction (Table 2). Generally, the heavy minerals are more concentrated in the very fine sand
fractions than in the fine sand fractions. The heavy mineral assemblages can indicate the
source rocks.

3-2-1 Light minerals analysis

Identifying the light mineral fraction indicated that the most predominant light minerals in the
fine sand fraction are monocrystalline and polycrystalline quartz, with an average of 52.42.
Carbonate with an average of 18 %, feldspars (potash feldspar and plagioclase) with an
average of 9 .43 %, and rock fragments (chert, evaporates, igneous and metamorphic) with an
average of 17.5 %. On the other hand, their averages in the very fine sand size fraction are
53.77% quartz, 18.7% carbonate, 7.86% feldspars, and 18.18 % rock fragments (Table 3 and
Plate 1).

The probable source of monocrystalline grains is reworked quartz of sedimentary rocks [7].
In contrast, the probable source of polycrystalline quartz is metamorphic rocks such as schist,
gneiss, and plutonic igneous rocks [7, 22]. Orthoclase and plagioclase may be derived from
plutonic igneous and metamorphic rocks [23]. Microcline is commonly derived from plutonic
igneous and metamorphic rocks and is found to be rare in volcanic rocks. The identified
carbonate rock fragments include several varieties, remnants of old formations, such as
dolomitic limestone and mudstone rock fragments, or aragonite shell fragments.
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3-2-2 Heavy minerals analysis

The heavy minerals were identified to determine the stability of these minerals and the
nature of the source rocks area. Identifying the heavy minerals fraction indicated that their
average percentages in the fine sand fraction are composed of opaque minerals as the main
component with an average of 41.3% and other heavy minerals with an average of 58.7 %.
The heavy minerals assemblages is mainly composed of chlorite 7.93 %, mica (muscovite and
biotite) 8.8%, amphiboles 8.2%, pyroxene 7.5%, epidote 5.3 %, garnet 5.43%, zircon 3.8%,
rutile 3.56%, tourmaline 3.04%, kyanite 2.04% and staurolite 1.77%, (Table 4 and Plate 2).
The presence of chlorite, epidote, garnet, kyanite, glaucophane, and staurolite minerals
indicate metamorphic sources, in addition to rutile, biotite, and muscovite [24, 25 and 26].
The effect of acidic igneous sources is indicated by the presence of euhedral to subhedral,
subangular to angular zircon, and green hornblende [24, 25, 27]. Opaque minerals (iron
oxides) indicate the effect of the basic igneous rocks [23]. Pyroxenes, amphiboles, rutile,
biotite, muscovite, and tourmaline give an indication to the effect of both igneous and
metamorphic rocks' sources [26]. The study area is located in an active continental margin [1],
which is characterized by a relatively high percentage of minerals derived from basic and
intermediate igneous rocks. This is indicated by an increase in the unstable heavy minerals
(pyroxene and tourmaline) and a decrease in the stable heavy minerals (zircon, tourmaline,
and rutile). These source rocks are represented by the Zagros belt in the high folded zone and
derived from exposed formations such as the Injana and Mukdadiya in the surrounding area.

Table 2- Percentage of heavy to light minerals in the study area.
. Weight of Percentage of . Percentage of
.Dune Sand V\égr?]hﬁgf Light Light Wﬁggak\'} 9 Heavy
Name fractions (grr?) Minerals Minerals Minerals%gm) Minerals

(gm) (%) %
Manziliyah Fine 5 4.77 95.4 0.23 4.6
1 Very fine 5 4.79 95.8 0.21 4.2
Manziliyah Fine 5 4.81 96.2 0.19 3.8
2 Very fine 5 4.76 95.2 0.24 4.8
Khazina Fine 5 4.82 96.4 0.18 4.6
Very fine 5 4.75 95.0 0.25 5.0
Fine 5 4.79 95.8 0.21 4.2
Abu-Ghrab =y - ine 5 4.78 95.6 0.22 44
Zubadiate Fine 5 4.80 96.0 0.20 4.0
Very fine 5 4.80 96.0 0.20 4.0
Chailat 1 Fine 5 4.79 95.8 0.21 4.2
Very fine 5 4.79 95.8 0.21 4.2
Chailat 2 Fine 5 4.82 96.4 0.18 4.6
Very fine 5 4.76 95.2 0.24 4.8

Range Fine 4.72-4.88 95.4-96.4 0.18-0.23 3.8-4.6
Very fine 4.75-4.80 95-96 0.2-0.25 4-5
A Fine 4.8 95.71 0.2 4.29
NETRES Very fine 4.77 95.5 0.23 45
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Table 3- Light components of sand dunes in the study area

Light Component
Quartz % Feldspar % Rock fragments %
w Potash €
- LL
a = = @ | feldspar w Ll @ w 2 |2
s S = | = g lu gl | 52
5 5 | 2§ g|le|ls| 8 |%|g|5| 2|8 8 §
o s | s |2 8|52l s |5|3|5|g| |28 %
E 5 | |1s|8|8|8| 2 |5|g|e|8|E|8B° 0O
= s |8l ||| S8 21 g5|3| 8|8
= o | = S g |0
L
| Fine | 497 | 21|34 |26|% | 105182220/ 22| 33| 12| 06
Manziliy 1
B \]fl‘;rg’ 522 | 22| 14 | 33|23 | 204 1;). 14| 16| 23| 15| 03| 09
| Fine 504 |22 13| 4 32174 | 2722 23] 14|06 03
Manziliy 0
s \ﬁg 534 | 15| 26 | 2132|184 |93 |29 |14 | 14| 26 | 09 | 03
Fine | 481 | 1.8 | 12 | 36 | 35 | 198 | 91 | 16 | 1.4 | 39 | 42 | 1.2 | 06
Khazi
azina \ﬁg 504 | 24 | 21 |49 | 22| 19 |85 26| 25| 27| 12| 06| 09
Fine |530 |22 |12 3324|187 |9 | 2 |21| 24|12 03] 06
Abu- 6
ELTELD \]flenrg’ 493 | 33| 22 | 3231|173 121' 23|18 11| 24| 12| 16
) 13,
Jubadiar | FiNE | 472 | 24 | 22 |23 [21| 20 | D |22 17| 25 | 21| 18 | 03
e Very | oo |24 | 19| 3 |34 ]183 |2 |23]16] 20| 17|03 03
fine 7
Fine | 506 | 29 | 26 | 22| 13 | 19.7 1§' 16| 14|33 | 2 | 15| 06
Chailat 1 Ver
Y | 514 | 22 | 15 | 22|37 | 194 [ 91|24 (23| 26 | 23 | 06 | 03
Fine | 523 | 20 | 27 | 14 | 15 | 202 | 95 | 21 | 26 | 22 | 1.3 | 1.3 | 0.9
Chailat 2
afla \]fﬁ]rg’ 544 | 12| 29 | 24| 15 | 183 18' 2212123 11| 1 |06
13 18
e a2 [ Y f1a] - w06 | - | B0 M 22 |12 03| 03
53 |,y | 34 | 4 118. 20.2 123. 27| og| 39 | 42| 18| 09
Range 85
very | 493 | 120 [ 2L S g | MM 0 111 03| 03
fine | iy | g | 29 | 4g | 7| 204 172. 2o | 05| 27 | 26 | 12| 16
Fine | 50.2 2é2 208 | 2.8 4é5 18.0 8%7 21|19 27 | 221|113 06
Average
very 116121 (208302 | 1871 | 2319 20 |183] 07 | 07
fine 7 7 1
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Table 4- Heavy minerals average in fine and very fine sand size

@ Pyrgxen Amphibole Mica
Dune Name | 2 .8 Ga | Zi |Ep| St |Ru| To o
. = h : Ky &
(Station) & 8 Op | C orl cl | Ho !l al Tar Bi M | r r i a t u y 5
= th | yn r | au 0 us

Manziliyah | F | 393 | 72 | 27 |57 | 47|16 | 1.8 |63 45| 6 | 31|63 | 15|32 | 21 | 24 | 16
1 V.F | 432 | 96 |28 31|48 |23 |09 |49 |36|5932|45]|25|29|27]|26]05
Manziliyah | F_| 415 | 81 2438551809 |54 43534262 1242182212
2 VE | 426 | 72 |18 32|51 (18| 0 |43|59|63|45|66|13|39]26][24]05
K hegina F | 428 | 64 32|46 |46|18| 24| 4 |324239|46|21/32/37|25]28
V.E | 428 | 79 |28 |49 |48 |21 2 |32|49| 5 |35 |48 | 13|32 |34 26|08
F | 33| 82 | 35|56 |61,09|15|39|53| 6 42|56 2 |24 |41|1806

Abu-Ghrab
V.FE | 409 | 94 | 26|24 |65 |12|09 37|33 | 6 |43 63| 22|36 24] 28|15
Subadiate |_F_| 384 | 81 |35 /566109 |15(33 (53| 6 |42 56| 2 |24 411812
V.F | 459 | 82 |32 |35 |45 |09 | 18|33 |33 |53 | 43|45 24|37 |32 16| 0.4
Chailat 1 F | 441 | 83 |28 |32 |49 |18 | 15|34 |42 | 45 32|47 |21 56|37 |15 05
aila V.F | 242 | 82 | 25|38 |36 |24 |09 54|42 |49 35|33 |15|58|28|18]|12
Chailat 2 F | 448 | 92 | 23|36 |49 1209|4937 6 |38 |42 |15 39|18 |21 1.2
V.F | 414 | 98 |37 28| 5 |12 |12 |39 |46 |62 | 48|43 | 16|32 |37 18] 0.8
383 | s, 233246 09(0933(32]42(31 |42 12|24 18|15 05
E - : - - - - - - - - - - - - - - -
Rande a8 | %2 |35 57 61|18 |24 |54 53| 6 | 42|63|21|56/|41|25) 28
g 209 | ,, |18[24 36 09| o [32]31[49(32(33[13 |29 241605
259 | %8 |37 40|65 24| 2 | 63|59 |63 48|66 2558372817

29 | 45 |52 | 14 44 | 43|54 1.7 | 35 | 3.0 | 2.0

pverage Folaws | 7es |50 |50 150 |5 s | S0 e ss | S Y1
27 || 32 42 | 56 18 37|29 2208
VE | a3 |86 [0 57 (40|07 |na|an %5150 (a0 fa0 | [ 5[50 155

Op: Opaque minerals, Ch: Chlorite ,Orth :Orthopyroxene ,Glyn: Clynopyroxene ,Hor:
Hornblende : Glau: Glaucophane, Tre: Tremolite ,Bio :Biotite,
Mus :Muscovite , Gar :Garnet ,Zir :Zircon ,Epi: Epidotes, Sta: Staurolite ,Ru :Rutile ,Tou:
Tourmaline ,Ka:Kainite , F:fine,V.F: Very fine
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Plate 2- The heavy minerals in Missan sand dunes

3-2-3 The XRD analysis

The XRD analysis of bulk sand samples revealed that quartz, calcite, feldspar, and gypsum
are the main constituents in all sand samples. Quartz is the most abundant minerals
component with an average of 51.5% (Table 5), which is identified at the reflections of 3.34
A’, 4.26 A’, 2.45 A’, and 1.81A" respectively (Figure 6 ). Feldspar has an average of 7.63%
and is identified at the reflection of 3.20A". This mineral is associated with quartz in most
clastic sedimentary rocks. Calcite was recorded with an average of 18.33%, which was
identified at the reflections of 3.04 A", 2.29 A, 2.10 A", 1.95 A’, and 1.91 A’, respectively.
Gypsum is the least abundant mineral, with an average of 2.7% at the reflection of 7.56A",

Table 5- Average of the main minerals of sand dunes (0.063-2 mm)

D N Minerals %
une ame Quartz Feldspar Calcite Gypsum
Manziliyah 49.8 8.5 17.1 2.3
Khazina 53.2 7.5 18.5 2.2
Chailat 51.5 6.9 19.4 3.5
Average 51.5 7.63 18.3 2.67

Regarding granular size, quartz and gypsum have high percentages in a medium sand
fraction of sand, while feldspar and calcite have high percentages in fine sand fractions (Table

6).
Table 6- Average of the main minerals of (0.125-0.250mm), (0.250-0.500 mm) in sand
samples
Minerals %
Sand fractions ST Feldspar Calcite Gypoum
Medium
(0.250-0.500mm) 53.12 7.17 18.9 2.3
Fine
(0.125-0.250mm) 52.4 7.21 19.13 2.2

Each value represents an average of three percentage

3-2-4 The clay minerals analysis

The most common clay minerals in sand dunes are palygorskite and illite, with an average of
36.96 % (identified at 10.5A") and 29.94% (identified at 10.5A"), respectively (Table 7 and
Figure 7). The other identified clay minerals are kaolinite with an average of 18.7%

3835



Al-Halfi and Al-Khafaji

(identified at 7.1 A"), mixed layers of montmorillonite-chlorite (identified at 14. 9A", and 4.97
A") with an average of 14.4% (Figure 8). Clay minerals are used as a tool to expect the source
rocks. Illite minerals formed by direct weathering and erosion or alteration of alumino-silicate
minerals, e.g. alkali-feldspar minerals and muscovite, which existed in acidic igneous and
metamorphic rocks. Palygorskite is formed by weathering and erosion of basaltic igneous
rocks [28]. Kaolinite is derived from weathering of K-feldspar in acidic igneous rocks [29 and

30].
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Table 7- Clay minerals percentage of studied samples (semiquantitative)

Clay minerals percentage (%)

Montmorillointe —Chlorite

Figure 6- XRD charts show the mineralogical composition of sand dunes in different size
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Figure 7- Average percentages of clay minerals identification using the XRD technique.
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Figure 8- The XRD patterns identification of clay fraction of sand dunes using the XRD
technique.

3-3 Geochemistry

The XRF analysis of bulk sand samples revealed that the average major oxides are
61.36% SiO,, 14.08 % CaO, 6.76% Al,03, 3.2% Fe,03, 2.30 % Alkalies (Na,0+K;0), and
1.09% MgO. The others SO3, TiO,, P,Os, and MnO are all less than1% (Table 8 and Fig. 9).

The highest percentage of SiO, was recorded in Khazina sand, whereas TiO,, Fe;0Os,
MgO, MnO, Ca0O, and Alkalis have the highest percentage in Chailat sand. The highest
percentage of Al,O; and SOz was recorded in Manziliyah, and Zubadiate sand, respectively.
The lowest percentage of SiO,, P,Os, TiO,, Fe,03, MgO, Alkalis, and Al,O3 were recorded in
Zubadiate sand, whereas the lowest percentage of MnO, SO3, and CaO were recorded in
Khazina sand. The presence of SiO, can be attributed to silicate minerals like quartz,
feldspars, chert, igneous, and metamorphic rock fragments.

The high percentage of alumina is due to the main component of clay and feldspar minerals
associated with sand. Fe,Oj3 is associated with opaque minerals and amphibole and pyroxene
groups [31]. The high content of CaO is related to calcite, which was observed as carbonate
rock fragments in sand dunes. Additionally, the other calcium oxide source is probably from
weathering of pyroxene and amphibole. Titanium is the most mineral composition of rutile.
Gypsum is the most source of SOj3 in the sand sample.

Magnesium is included in the crystalline structure of some clay minerals in the sand
samples, such as palygorskite, chlorite, and montmorillonite minerals [32]

MnO is always associated with Fe,O3 in clay and some heavy minerals, Na,O is the main
oxide in the feldspar or adsorbed on the surface of clay particles, and potassium is abundant in
feldspar (microcline and orthoclase) as well as in mica (biotite and muscovite) also in clay
minerals like illite and montmorillonite [33].

K0 is higher than that of Na,O in all the studied samples, this indicates the dominance of
the potash feldspar mineral (orthoclase and microcline) with small percentages of sodic
plagioclase (albite) [34].

In terms of grain size SiO; have the highest values at the sand fractions of 0.250 mm and
0.500 mm in all studied areas, especially in Khazina sand, while they have the lowest values
in size fractions of 0.125 mm and 0.250 mm, especially in Zubadiate sand. These results
encourage using medium sizes of sand for industrial applications which need a high
concentration of silica. Other oxides such as CaO, Al,O3, Fe,O3 MgO, SO3, TiO,, and MnO,
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are reached their highest values at the sand sizes of 0.125 mm and 0.250 mm in all studied
areas, while they have the lowest values at the sand fraction of 0.250 mm and 0.500 mm in all
studied areas (Table 9 and Fig. 10). The distribution of oxides in sand fractions in the study
area is consistent with the study of Al-Khafaji et al. 2010 [34].

Table 8- Chemical analysis of (0.063-2 mm) of raw sand samples.

Figure 9- Average of major oxides in (0.063-2 mm) size of sand.
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Dune Oxides (Wt.%)
Name Si02 | Al203 | Fe203 | Ca0 |Ss03 | P205 | Tio2 | MnO | MgO E%OJ'
2
r':"anz"'ya 63.87 | 7.16 3.16 127 |0.04 009 |057 |005 |147 |2.36
Khazina 65.69 | 6.55 2.9 10.75 | 0.03 012 |049 |0.04 |119 |229
Zubadiate | 57.73 | 5.5 2.6 13.99 | 0.07 007 |031 |0.045 | 003 |101
Chailat 58.15 | 7.79 3.55 18.9 | 0.05 011 | 066 |007 |168 |263
Max 65.69 | 7.79 3.55 18.9 | 0.07 012 |066 |0.07 |168 |263
Min 57.73 |55 2.9 10.75 | 0.03 007 |031 |0.04 |003 |101
Average 61.36 | 6.76 3.2 14.08 | 0.05 0.097 | 050 |0.05 |1.09 |23
Table 9- Chemical analysis of (0.250-0.500mm), (0.125-0.250mm) size of sand.
Oxides Wt.%
Dune sand
" . Na,O
Name fractions Sio, | AlLOs | Fe,0s Ca SO, P,Os e MnO Mg |,
o) 5 o K,O
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h Fine 49.33 | 7.2 384 |193 006 |009 |0.65]|007 |1.69 234
P Medium | 6823 |6.22 |278 |6.77 002 |0.12 |[053[0.02 |0.77|1.83
Fine 46.03 | 6.88 |3.93 [198|0.03 |0.10 |0.65|0.07 |1.56|2.30
s Medium | 60.77 | 574 [251 |162[004 |015 [0.35|1.19 |0.04 |2.04
Fine 46.02 | 6.49 |34 22,5 0.043 | 008 |053|157 |007]225
I Medium | 6755 |7.28 [274 |897 003 |009 [042|003 |1.38]274
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Figure 10- Relationship of percentages and distribution of A: silica and B: other major oxides
with granular size.

4-Conclusions

1-Medium sand size (0.250-0.500mm) represents the predominant sand size fractions of all
studied sand dunes, averaging 57.28 % except the Chailat sand dune.

2-Quartz represents the predominant light mineral in all studied sand dunes, followed by
carbonate rock fragments, feldspar, and igneous and metamorphic rock fragments.

3- The heavy mineral assemblages consist mainly of opaque minerals, chlorite, mica, and
amphiboles. Pyroxene and epidote are common minerals; zircon, garnet, tourmaline, rutile,
kyanite, and staurolite are in a minor amount. The abundance of these heavy minerals
indicates different source rocks, such as igneous, metamorphic, and sedimentary rocks.

4- Playgorskite and illite are the most common clay minerals in the study area, followed by
Kaolinite and mixed layer montmorillonite —chlorite, which indicates that the source of sand
iIs acidic and basic igneous rocks, and to a less extent of metamorphic rocks

5-Silica has the highest percentages among other oxides, followed by CaO, Al,O3, Fe,0s,
alkalis (Na,O+K;0), MgO, SOg, TiO,, P,Os and MnO.

6-SiO, is concentrated in medium sand, whereas the other oxides are concentrated in fine
sand.

7- The source of sand dunes in the Missan Governorate is the Zagros belt, and the local
sources area represents by Injana and Mukdadiya formations.

8- There is a clear relationship between the carbonate percentages and the grain size, as they
increase with finer sizes. The high percentage of carbonate may indicate closeness to the
source area and the relatively high carbonate content in the parent rocks.
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