International Journal of Geosciences, 2018, 9, 179-206
http://www.scirp.org/journal/iig

ISSN Online: 2156-8367

ISSN Print: 2156-8359

@,
o2y Resmats
’0,0

Publishing

Environmental Distribution of Clay Minerals in
North West Subiyah Area, Kuwait:
Compositional Variation and Application

Ahmed M. Dakrory!2, Ahmad Rashed Al Rashed?, Fahad A. H. Alkandari3

'"Minia University, Faculty of Science, Geology Department, Minia, Egypt

*Science Department, College of Basic Education, Public Authority for Applied Education and Training (PAAET),
Adailiya, Kuwait

*Art Education Department, College of Basic Education, Public Authority for Applied Education and Training (PAAET),

Adailiya, Kuwait

Email: am.morsy@paaet.edu.Kw

How to cite this paper: Dakrory, A.M.,, Al
Rashed, A.R. and Alkandari, F.A.H. (2018)
Environmental Distribution of Clay Minerals
in North West Subiyah Area, Kuwait: Com-
positional Variation and Application. Interna-
tional Journal of Geosciences, 9, 179-206.

https://doi.org/10.4236/ijg.2018.93012

Received: November 3, 2017
Accepted: March 27, 2018
Published: March 30, 2018

Copyright © 2018 by authors and

Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

Abstract

The main objective of this paper is to study the mineralogical composition
and the environmental conditions of the Subiyah clay to be used for crafting
pottery and technological behaviour that allows the evaluation of the applica-
bility of the clay deposits in manufacturing new ceramic products at Kuwait.
This research could help artists, crafters of potters, and ceramic manufactures
in Kuwait to depend on inland clay and this makes it easier for more produc-
tion in ceramic and pottery in the future. All this could enhance the cultural
of ceramic in teaching or producing it in Kuwaitfor the first time. For that
purpose, six stations were selected at North-eastern part (Subiyah area) of
Kuwait for clay investigation. X-ray Diffraction method (XRD) was led to
identify mineralogical composition of samples; S1, S2, S3, S4A, S4B, and S6
were quartz, Calcite (Caco3), Dolomite, Illite and Clinochlore. Whereas;
Quartz, Calcite Dolomite, Palygorskite, Nontronite and Clinochlore were re-
corded at S5 and S7. Clay mineralogical and environmental studies at our
study area proved that, crafter can depend on Subiyah clay better than im-
porting it from abroad.
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1. Introduction

Ceramic behaviour of some clay deposits from different provinces all over the
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world was subjected to intensive studies [1] [2]. This study was focused on the
properties of ceramic clays from Subiyah area Northern Kuwait for the first
time. This work is considering as the first to discover a ceramic industry within
this province. The clays used for manufacturing traditional ceramic handicrafts
at Kuwait come from England, India and China. Clay deposits of Subiyah are
Quaternary materials deposited during different episodes by the Forat River
(Iraq). The relationship between the mineralogical composition of the raw mate-
rials and phase changes taking place during their sintering under different con-
ditions has been studied by different authors [3] [4] [5].

This study results from the necessity of the Kuwait ceramic industry to locate
clays of high plasticity that additionally possess a high degree of cohesion upon
drying and wide verification ranges; therefore, there is great interest in their ce-
ramic behaviour. There are no previous studies exist about these non-exploited
clay deposits in Subiyah province. This is the first time that the applicability of
these clays as a raw material for the ceramic industry has been tested.

1.1. Literature Review

The most abundant, ubiquitous, and accessible material on the earth crust is clay
[6]. Clay is simply defined as earth or soil that is plastic and tenacious when
moist becomes permanently hard when baked or fired. It consists of a group of
hydrous aluminosilicate minerals formed by the weathering of feldspathic rocks,
such as granite. Individual mineral grains are microscopic in size and shaped
like flakes. This makes their aggregate surface area much greater than their
thickness and allows them to take up large amounts of water by adhesion, giving
them plasticity and causing some varieties to swell (expandable clay). Common
clay is a mixture of kaolin, or china clay (hydrated clay), and the fine powder of
some feldspathic mineral that is anhydrous (without water) and not decompose.
Using clayey raw minerals in art craft and ceramic production have been exten-
sively studied, particularly in the fields of industrial ceramic applications around
the World [7]-[19] and archaeological ceramics [20]-[26].

1.2. Geological Setting

Kuwait lies along the north-western corner of the Arabian Gulf, bordered by
Saudi Arabia in the south, Iraq to the north and west and the Arabian Gulf to the
east. The surface topography is about 17,818 km? and about seven Islands scat-
tered off along the coast of Kuwait (Figure 1). Authors had already chosen
studied stations according to the difference in morphological change noticed
across the northern part of Kuwait and a quantity of rainfall during last years.
The surface of Kuwait is marked by undulating gravel—covered plains that
slope gently towards the Gulf. In general, the surface of Kuwait is flat sand desert
that can divide into north and south part. The north part is hard flat with shal-
low depressions and low hills running from north-west to south west. The prin-

ciple escarpment is in the north region are Jal Az-Zour escarpment “with 145 m,

DOI: 10.4236/ijg.2018.93012

180 International Journal of Geosciences


https://doi.org/10.4236/ijg.2018.93012

A. M. Dakrory et al.

—N30°

Iraq

Kuwait

Failkals ~ ®

Arabian
Gulf

— N29 . i PY N29° =i

Umm Qudeer
o

Saudi Arabia

0 40 km
1 ] I

EA47" ’
] ]

Figure 1. Kuwait Map showing location of studied stations (S1, S2, S3, $4, S5, S6 and S7).

N

height” and Al-Liyahv ridge “with 138 m, height” [27]. The south part is treeless
plain covered by sand, the Al-Ahmadi hill “125 m, heights” is the sole exception
to the flat terrain. In addition to wadi Al-Batin, Ash-shaqq is another major val-
ley, a portion of which lies within the south part of the country. Kuwait is lo-
cated on the Arabian Plate between the Precambrian Arabian Shield to the west
and the Zagros Fold belt to the east. Compared to these neighbouring structural
terranes relatively simple structural elements may be expected. However, many
publications describe an unexpected complexity, particularly relating to surface
geology [27] [28] [29] [30]; gravity structure [31] [32] [33] and oil field struc-
tures [34]-[46]. This paper describes the major structural elements identified
onshore Kuwait and illustrates and discusses the specific characteristics of se-
lected structural elements using gravity, seismic and we 11 data. The location
and names the structures commonly used by petroleum geologists and hy-
dro-geologists in Kuwait and some important observations concerning distinc-

tive suites of structural trends are presented and related to the regional structure.

1.3. Geomorphology of Kuwait

Geological the land of Kuwait consists of flat-lying Tertiary rocks over laying the
gently folded cretaceous and Jurassic formations [29]. Rock types exposed in
outcrops include the Eocene Dammam formation. The Oligocene Ghar forma-
tion and the Miocene and Pliocene Mutla and Jal-Az-zor formations (Figure 2).

The Dammam formation is white fine grinned cherty limestone that shows some
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Figure 2. Geomorphological characteristics and surface deposits of Kuwait [49]. 1 =
Gravel lag, 2 = Desert 3 = Desert floor deposits covered by siliciclastic granule lag, pebbly
and granule lag rich in calcrete debris, 4 = Deflated rugged sand sheets, 5 = Active sand
sheets, 6 = Smooth sand sheets, 7 = Fall dunes, 8 = Barchan dunes, 9 = Barchanoid ridges,
10 = Coastal plain deposits, 11 = Playa deposits, 12 = Urban areas.

karst development and at its contact with younger sediments, which is an indi-
cation of sub-aerial exposure and erosion. The Ghar, Mutla and Jal-Az-Zor for-
mations are primarily composed of calcareous sandstones. Sunday lime stones,
clay and sand. Unconsolidated sands constitute nearly half of these deposits [47].
The structure of the Dammam formation has directly left an impression on the
surface as morph structural forms and in directly controlled the geomorphic
forms of the overlying sediments [48]. Completing the section above the Ghar,
Mutla and Jal Az-zour formation is Dibdibba formation, divided based on grain
size into an upper and lower member (Figure 3) the lower member is gritty sand
stone, whereas the upper member is coarser, pebblier sand stone. Quaternary
deposits include lag gravel which blanket much of the interior of Kuwait and
coastal deposits include unconsolidated marine sands, mud flats and supratidal
sabkha surface [29].

In general, north Kuwait is largely covered by a gravel plain. The predomi-
nated of this unit in Kuwait is mainly attributed to the recurrence of the gravel
Dibdibba formation which out crops in north Kuwait and south Iraq and acts as
a protective lager stabilizing the desert surface from wind evasion [50]. Con-
versely, south Kuwait covered by a sandy plain composed of smooth and rugged,
vegetable sand sheets. The recent surface deposits of Kuwait are classified into
eleven major classes per their textural characteristics and field occurrences,
normally 1) aeolin 2) residual 3) playa lake 4) playa 5) talus 6) alluvial fans 7)
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Figure 3. Stratigraphic column of Kuwait [Modified after [47]].

tidal flat 8) beaches 9) calcrete 10) evaporate 11) wadi and desert plain [49].

The distribution of surface sediments is highly controlled by several mechan-
isms. Firstly, wind plays, a major role in distribution Quaternary and recent
Aeolian deposits along the dominated direction form the north-northwest, the
dune fields and sands sheets are clearly oriented in this direction. Secondly, wa-
ter-laid deposits are visible along the wadi channels where high amounts of peb-
bles and gravels from a gravel lag along the wadi tributary system (Figure 2 &
Figure 3). Thirdly, evaporate (ca 804) and (ca 504.21120) and salt deposited are
formed along the coast and on land where the evaporation rate is highly during
the summer.

The main two sources of sediments in the Northern Kuwait: the Aeolian
deposition and the in-situ precipitation in the form of sabkhas (coastal sabkhas).
Aeolian transportation, as mentioned by [51], comes from several locations. An-
other potential source of dust is the southern area of Iraq, where an area of about
9000 km* (southern marshes) was drained, resulting in the occurrence of dry
lands that are vulnerable to the dominant NW-SE wind direction creating dust

storms that settle over the northern part of the Arabian Gulf.

1.4. Climate

The climate of Kuwait is characterized by extremely hot, dry summer with aver-
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age maximum daily temperature of 59°C and mild to cool in winter in which
temperature of 1°C occur. The annual rain fall is 3 to more than 13 inches and
averages between 2 and 5 inches. Evaporation gently dominates over the whole
climatic year. The general movement of ground water is up word. It leads to
concentration of soluble materials near the surface, enriching the top layers in
gypsum, halides and calcium carbonate. The relative humidity is high in De-
cember and January, with average maximum of 85%. Summer humidity is gen-
erally less than 45%. The frequent winds from the north-west are cool in winter
and spring and hot in summer. Dust-storms (Toz) lasting at times for several

days through the year.

1.5. Stratigraphy

Recent Beds (Quaternary)

Rocks ranging in age from early Miocene to Recent are exposed on the surface
throughout the State of Kuwait. The very low dips and similarity of lithology
make correlation of formations difficult, as marker beds can be traced accurately
for only short distances. Along the Jal-Az-Zor escarpment three formations can
be recognized, owing to the presence of fossiliferous clays of the Lower Fars
Formation which separate the overlying Dibdibba Formation from the Ghar
Formation. Where the Lower Fars cannot be recognized, no subdivision is pos-
sible, and the entire sequence is called the Kuwait Group. Recent deposits within
Kuwait consist of the following types:

Beach deposits are composed of reworked sandstone from the Kuwait Group;
these sands may be cemented with calcium carbonate and are current bedded.
Some oolitic limestones and shelly limestones also occur. The fossils within these
beds have been correlated with present species. Extensive deltaic and tidal mud-
flats are found in north-eastern Kuwait, Bubiyan Island, and along the north
shore of Kuwait Bay. These are composed predominantly of plastic clay and silt
having a high saline content. The material is considered by the author and others
to have been deposited by the Tigris-Euphrates Kiver system.

Deposits formed in inland drainage basins are usually very fine silt and clay
with a variable percentage of sand and a very high salt content. Windblown sand

is common.

2. Clay Minerals and Its Environment

Clay-based materials occur both in the plain and river areas [52]. The term
“clay” refers to a naturally occurring material that composed primarily of
fine-grained minerals, which is generally plastic at appropriate water contents
and susceptible to hardening when fired at high temperature [53]. Although clay
usually contains phyllosilicates, it may contain other materials that could impart
plasticity when wet and harden when fired. However, associated phases in clay
may include organic matter and materials that do not impart plasticity Clay

minerals can be categorized into four subgroups: 1) kaolinite; 2) smectite
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(montmorillonite, saponite); 3) mica (illite), and 4) chlorite [54] [55] [56].

Clay minerals are seldom mono-mineral and have no genetic significance, as
it is used for residual weathering products, hydrothermally altered products, and
sedimentary deposits [57]. These minerals occur under a limited range of geo-
logic environments which include soil horizons, continental and marine sedi-
ments, geothermal fields, volcanic deposits, and weathering rock formations. In
general, they form where rocks are in contact with water, air, or steam and the
type of clay however is controlled by the composition of pre-existing rock min-

eralogy [58].

3. Materials and Methods

3.1. Sampling and Site Environmental Investigation

Six stations were selected for soil samples from Subiyah area, Northern Kuwait.
Samples from modern freshwater and coastal marine depositional environments
were chosen for the inter-laboratory comparison. Samples were collected from
depths of 0.2 m to 0.4 m below the ground surface (see map Figure 1 & Figure
4). Recent clayey bed in our studied stations was formed because of common
weathering, diagentic, and marine conditions. Samples were trimmed carefully
to slightly oversize the brass liner sampler which was pushed in the soil and
slightly sampled. After extraction, the tubes were sealed with special rubber caps
and transported to the laboratory and preserve din a humidity-controlled cabi-

net.

Analytical Methods
X-ray diffraction (XRD) was performed on 7 (see Figures 5-12) samples us-

ing Siemens D5000 Diffractometer. Representative samples of the clays were

Figure 4. Recent clayey bed intercalated with sand near
Subiyah beach.
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Figure 5. X-Ray diffraction chart for the sample No. S1 (Bulk sample).
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Figure 6. X-Ray diffraction chart for the Sample No. S2 (Bulk sample).

separately crushed and milled to fine particles. Power preparations and oriented
samples in the air-dried and ethylene glycol solvated states using a SIEMENS
D500 diffractometer (Fe-filtered Cu radiation) equipped with a Socabim
DACO-MP recorder system. The system is controlled by the DiffracAT software.

The scanning step and the counting time were 0.052 h CuK an and 3 s
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Figure 7. X-Ray diffraction chart for the Sample No. S3 (Bulk sample).
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Figure 8. X-Ray diffraction chart for the Sample No. S4a (Bulk sample).

for the random powder samples and 0.0252 h CuK an and 4 s for the oriented

samples. CEC was determined by clay saturation with Mg, p (as MgCl) and
posterior displacement of Mg, p with NH p 4 (as CH; COONH,). Magnesium
concentration was determined by atomic absorption spectroscopy. The back-

ground and peak-positions were identified and based on the peak positions and
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Figure 10. X-Ray diffraction chart for the Sample No. S5 (Bulk sample).

intensities, a search-match routine was performed. XRD was used to identify the
mineral components in the samples and to determine, in part, the proportion of
the clay minerals present. Randomly mounted material was scanned to deter-

mine the non-clay mineral component of the sediments, with mineral identification
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[+100-005-0586 (*) - Calcite. syn - CaCO, - Vlc PDF 2.

[<100-031-0783 (1) - Palygorskite - Mg,(Si,Al),0,,(OH), 8H,

(0]

[£100-029-1497 (*) - Nontronite-15A - Na, Fe,S1,0, (OH),4ILO.
[¥100-046-1322 (1) - Clinochioce-1MIIb - Mg,AI(SiAj),0,(OH),..

Figure 12. X-Ray diffraction chart for the sample No. S7 (Bulk sample).

being made against reference standard diffractograms. Clay mineral identifica-
tion was made using samples sediment onto glass slides to maximize the diffrac-
tion peaks used to characterize these components ({001} and {002} lines).

The identification of the clay minerals followed the methodology designed by

[59]. This involved comparison of the X-ray patterns for sediments treated with
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1) ethylene glycol, 2) potassium chloride and 3) heat to 200°C, 450°C and 650°C.
Four main clay minerals were observed (see Figures 5-12)). Illite was identified
by diffraction maxima at 10, 5 and 3.3 A, all of which remain unaffected by gly-
colation. Smectite was identified by broad diffraction maxima around 14 A that
shifted to a broad peak around 16 to 18 A on glycolation and to 10 A on heating
to 450°C. Chlorite was identified by diffraction maxima at 14, 7 and 3.5A and
remained unaffected by glycolation or potassium chloride treatments, although
the peaks decreased in intensity on heating to 650°C. Kaolinite was identified
using the major diffraction lines but straightforward identification could not be
made using the {001} line due to partial masking of the 7 A basal peak: several
other higher order peaks were used for the identification, in most cases, although
for some samples, low chlorite levels meant that a clearer identification could be
made. The percentage of the clay minerals was determined by comparing the
peak areas of the {001} diffraction patterns on glycolation. For this, the peak
areas were weighted on a basis of 1:2:4 for smectite, illite and chlorite plus kaoli-
nite [60]. Chlorite and kaolinite could not be distinguished because of the close-
ness of the 7 A peak and semi-quantitative separation of these components in-
volved chemical-leaching methodologies described later in the paper. In addi-
tion, there were sometimes small and broad peaks in the region of 11 to 13 A
spacing, which “smeared out” even more on glycolation. These presumably
represented mixed-layer clays, but details of the mineralogy could not be as-
sessed due to the small size of the peaks and the presence of other clay mineral

peaks.

3.2. Materials and Methods for Ceramic Preparation

Based on [61], who mentioned that, the researchers undertaking this work are
primarily Fine Artists, Designers and Crafts persons (practitioners) and as such
have sought methodologies which reflect their discipline-specific expertise. This
has led to the use of the terms “practice-based” or “practice-led” research. This
reflects a change in emphasis in research from research about the Visual Arts
and artists, designers, crafts persons. These shifts in research frameworks are al-
so taking place in other disciplines, and are symptomatic of a global reappraisal
of the nature of knowledge and communication.

This research will depend on practice based research in using and testing
clays, understanding the validity of the clays to be used in the forming pottery.
Also, identifying the percentage of the amount of the clay and Pseudo matrix
within each amount of clay.

In the beginning of this research some samples were taken from different
areas in Subiyah, located in north of Kuwait and near to Bobyan Island. Seven
samples were taken from different places. The practice based in this research di-

vided into three applications for clay mineralogy, these areas as the following:

3.2.1. First Application: Weighting the Clay Sediments
In this application, researchers were taken a sample amount of 100 gr. sediments
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from every station, put it in a sieve with mish less than 63 pu (clay size), then
washed it with normal tape water, to separate calcareous materials and dust
(Figure 13). Finally, authors measured the weight of the rest pure clay sediments
to record the best area of clay samples (Table 1).

3.2.2. Second Application: Using the Clay in the Mould Test
In this test, each sample was tested inside press mould clay of cup form to see

the practice result of each clay after the firing under 1031°C Figure 13.

3.2.3. Third Application: Throwing Clay Test
In this experiment, each sample was tested by throwing experiment technique,

using the electronic wheel to see the forming of clay in making bowls and cups

Figure 13. Clay preparation using strainer
local clay body preparation and clay
throwing process at Subah Al Ahmad Cen-
tre for Giftedness and Creativity.

Table 1. Weight of sands and calcareous sediments (Non-clay Sediments) in studied

sample.
Sample No. Weight of Non—Clay Deposits by Gram
1 32.5
2 17.1
3 48.4
4 40.8
5 9.7
6 50.6
7 6.7
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into the pottery product and observing the results after the firing in the kiln
1031°C (see Figures 13-20).

It has been weighting the sands and grains in each sample of clays and the re-
sults shows in Table 1.

4., Results and Discussion

4.1. Mineralogical Composition

Samples; S1, S2, S3, S4A, S4B and S6 show low quartz, Calcite (Caco3), Dolomite,

>

Figure 14. Local clay body preparation and clay throwing
process at Subah Al Ahmad centre for giftedness and creativi-
ty, sample No. 1.

Figure 15. Local clay body preparation and clay throwing
process at Subah Al Ahmad centre for giftedness and creativi-
ty, sample No 2.
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Figure 16. Local clay body preparation and clay throwing
process at Subah Al Ahmad centre for giftedness and creativi-
ty, sample No. 3.

Figure 17. Local clay body preparation and clay throwing
process at Subah Al Ahmad centre for giftedness and creativi-
ty, sample No 4.

Illite and Clinochlore. Whereas; Quartz, Calcite Dolomite, Palygorskite, Non-
tronite and Clinochlore were recorded at S5 and S7 (see Figures 5-12). Table 1,
shows the weight of non-clay sediments, it could notice the most purity of clay
in sample 7, then sample 5, and finally sample 2 gradually.

4.2. Result of the Applying Samples on the Wheel

In such step applying the wheel for the clay samples. This stage is the most
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Figure 18. Local clay body preparation and clay throwing
process at Subah Al Ahmad centre for giftedness and crea-
tivity, sample No. 5.

— -

Figure 19. Local clay body preparation and clay throwing
process at Subah Al Ahmad centre for giftedness and crea-
tivity, sample No. 6.

important one for the potters and Ceramists designer, to design and make a cups
and bowls or vases. In the beginning of this step, the clay of each sample purified
from grains Table 2, stones and pseudo-matrix by using strainer size 100 ml,
then preparing the clays to be use for throwing (see Figures 14-28). Throwing
on the wheel start with centering the clay, then opening, expanding and rise the
clay up, then forming the bowl or the cup. After that trimming the back side of
the shape to get the final form. All these processes done for all samples of the
Subiyah clay. In the final step cups and bowls were fired in the electrical kiln

under temperature 1031 Celsius (see the following picture steps).

4.3. Results of Applying Clay Samples on the Press Mould

In this stage of the research, a mould from plaster selected with a form of cup

DOI: 10.4236/ijg.2018.93012

194 International Journal of Geosciences


https://doi.org/10.4236/ijg.2018.93012

A. M. Dakrory et al.

Figure 20. Local clay body preparation and clay throwing
process at Subah Al Ahmad centre for giftedness and creativi-
ty, sample No. 7.

Figure 21. Firing all samples under temperature of 1031 Cel-
sius.

Table 2. Other clays samples were prepared but without purify from grains, ap-
plied to plaster mold and pressing the clay inside mould. In the final stage of this
experiment clays were dried after the cup shape then fires it in the kiln under
temperature 1031 Celsius Figures 23-28 (see the following steps).

From this experiment of applying samples inside the mold, the best clay can
be seen in sample (6), this because the clay body kept the same form of the
mould cup. Also, it gave a strong body pottery after firing. The next best sample
was sample number (7) then sample (2) this because of firming of the silicate

and less grains. Finally, came sample (5), but this sample was bind during
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Figure 22. Display of the fired pottery wares of the studied clay samples at Subah Al Ah-
mad centre for giftedness and creativity-ceramic workshop.

Figure 23. Crashed and demolished clay sample No. S1
in the mould after firing.

Figure 24. S2 sample, showed body of the pottery firm.
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Figure 25. S3 sample showed, sands and gravels as seen in the
body of the pottery.

Figure 26. S4 sample showing demolishing and crashing after
firing.

shrinking and change the pottery form of the cup. Samples (1), (3) and (4) are
not suitable for clay forming in the mould. This because of containing more
sands and grains or stones or it has a less silicate. In general, some clays could
add more materials towards occurring or improving the body of the clay sam-

ples.
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Figure 27. S6 sample, showing clay compaction
after firing and notice the shrinking caused body
bindi.

5. Ecology of the Area
The study area is located North West Subiyah, at the far Northeast Kuwait. The

ecology background of the area shows: poor vegetation cover controlled primar-
ily by rain flow, and by land form. Darning lines and sandy basins are favoured
sites for plant growth (see Figure 29 & Figure 30). In Subiyah Four ecosystems
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Figure 28. S7 sample after firing.

Figure 29. Clay mineral deposition at station No. S6.

based on varieties in the habitats, land form and soil characteristics and floristics
composition could be formed. These ecosystems are: Sand dunes ecosystem;
2-The salt march and saline depressions; 3-The desert plain ecosystem; 4-The
desert plateau ecosystem [62]. The authors did the study on clay minerals on
Subiyah area (Figure 1). Since the study area in the far and northeast desert of
Kuwait (Subiyah) close to the beach, no urbanization has been developed and no
human activities are noticeable in the desert; such factors reduce the source of
pollution. Although no hydrocarbon analyses made for the clay samples, but it

seems, that clay minerals in the study area are pure. North east Subiyah might
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Figure 30. Poor vegetation cover near North east Subiyah with
no urbanization. Development in the area.

Table 2. Clay analysis for art craft industry.

Clay, flexibility

Sample characteristics and the Clay in the air Clay after firing under
number ) the 1031 degree
forming on the wheel
1 Suitable fotj throwing use, does not change the Suitable for art craft
soft, but it has a smell shape form
Suitable but ti
Suitable for throwing The clay does not show a uitable but sometimes
2 but it is so soft change the shape form showed cracks at
8 P the surface
Suitable and easy forming  The clay does not change . .
le after fi
3 and has a big of flexibility the shape form Suitable after firing
The clay didn’t ch:
4 Suitable and easy forming. € cay cldn *change Suitable after the fire
the shape form
The fa hanged and th
. Not suitable and it caused ¢ form change K ancthe
Suitable and easy . surface bend and it caused
5 K o cracked within the body R
forming and building. . cracked with the body of
surface after drying
the pottery
6 Suitable and‘easy ff)r.rr.ling ?uit)able and Fhe for.m Suitable after firing
and has a big flexibility. didn’t change its design.
7 Suitable and easy forming Suitable and the form Suitable after firing

and has big flexibility

didn’t change its design

resemble suitable location for clay industry, taking in consideration other posi-

tive factors for clay minerals (Figure 22)

6. Discussions and Conclusion

Based on XRD analysis and field observations, samples were showed consistency

in the revelation of the quantities of different constituents of the clays. X-ray dif-

fraction study shows the presence of quartz, calcite, Dolomite, Illite, Clinochlore,

Palygorskite, and Nontronite, as major phases. The clays after purification ex-
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hibited the potential for application in the production of refractories. Authors
concluded the present of Palygorskite mineral in S5 and S7 samples are detrital,
transported mostly by NW winds comes from Iraq, and arid climate. The clay
deposits studied correspond to highly plastic clays with low contents of quartz.
All studied samples were considerably plastic raw materials explaining their ex-
cellent aptitude for pressing except sample no. S3, which show less plasticity due
to highly carbonate and gypsum content. The sample mineralogy indicates
quartz as a primary mineral, followed by plagioclase. Illite, Clinochlore, Paly-
gorskite, Nontronite were the main clay minerals in the raw material samples.
From the industrial application for clays, originally, compositionally, they are an
excellent raw material for the formulation of low porosity ceramic stoneware
[15] [63]. The presence of Illite in all studied samples was influenced by burial
diagenesis leads to alteration of Smectite to Illite [see [64] [65] [66]. The results
obtained from our tests lead us to envisage new research programmes in Subiyah
area focused on testing these and assessing the effective possibility of using ce-
ramic raw materials in the local ceramic industry. Based on the results of this
study the following conclusions have been reached out; the plasticity values
show samples no. (S1, $4, S5, S6, S7) were medium plastic, samples no. (52 and
S3) are low plastic, clays with plasticity, permits it to be shaped or moulded
when mixed with water, and have sufficient wet and air dried tensile strength to
maintain their shape after forming. When subjected to rising temperature, the
clay particles must fuse together (e, the plasticity values show that the sample
no. (S2 and S3) had low plasticity range between 6.7 - 8.48, these values allow to
make shaped tiles. X-Ray diffraction shows that the samples with constitute clay
minerals (Illite, Clinochlore, Palygorskite, and Nontronite) and non-clay miner-
als (quartz, calcite and Dolomite). The physical and mechanical properties that
concern with the clay brick are; due to measure of physical and mechanical
properties. Clay brick affected by low volume and linear shrinkage during both
drying and firing with higher temperature at 1000°C. The raw materials taken
from Subbaya at Northern Kuwait are suitable for producing high quality clay
brick. Subiyah clay is valid for use in artistic and production pottery. The most
purify clay from grinds and stones were sample S7. The best sample that can be
suitable for throwing clay in the wheel is sample (S1), (S3), (S4), (S6) and finally
(S7). For press mould of clay samples, the best sample was (S7), (S2), and sample
(S5) but with a little bit binding. In other hand the invalid samples were sample
(1), (3), and sample (S4) which crashed after firing. In conclusion, sample (S7)
was show a good behavior for mold, throwing and less grinding then (S2) sample

and sample (S6) at last.
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