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ABSTRACT

Understanding the mineral composition and distribution of river deposits is crucial for environmental management,

resource utilization, and geological studies. This study aims to investigate the mineral composition and distribution of

silt and oxides in the deposits of the Shatt al-Arab River, specifically in the Faw area of Basra Governorate. Samples

were collected from depths of 0–30, 30–60, and 60–90 cm. The silt fraction (2–53 micrometers) was isolated, and mineral

analysis was conducted using XRD and a point-counting device. Morphological characteristics were determined using a

polarized light microscope. XRD analysis revealed the presence of minerals such as quartz, calcite, dolomite, smectite,

kaolinite, chlorite, illite, hematite, magnetite, and albite at varying depths. Polarized light microscopy identified additional

minerals within light and heavy fractions. The study found a dominance of monocrystalline quartz and opaque minerals,

with magnetite being more prevalent than hematite across all depths and a high correlation coefficient with depth (0.96).

Depth-specific variations in mineral composition suggest the need for further research in different locations and at greater

depths. These findings provide insights into sedimentary processes and potential resource utilization in the region, making

this study significant for regional geological and environmental research. Future research should focus on the temporal

changes in mineral composition and their impact on sediment dynamics to enhance the understanding of regional geological

history and resource management.
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1. Introduction

These Weathering indices are extensively utilized in

soil science and related environmental disciplines for diverse

applications, including soil classification, studies on soil

formation dynamics, and broader research on past climatic

conditions. These indices are broadly classified into two

main categories: geochemical and mineralogical [1]. Geo-

chemical weathering is the process in which the chemical

composition of the parent material is altered by weather-

ing conditions, leading to the loss of soluble and mobile

elements and the relative concentration of less soluble and

immobile elements in the soil [2]. This process is crucial for

palaeoclimate reconstructions, soil formation studies, soil

classification, and assessing human impacts on soil compo-

sition. On the other hand, mineralogical weathering refers

to the process by which the mineral composition of a soil or

rock changes over time due to exposure to atmospheric and

environmental conditions [3]. This process involves the break-

down and alteration of minerals, leading to the formation of

new minerals and affecting the soil’s physical and chemical

properties. Mineralogical weathering indices are used to

study these changes, providing insights into soil formation,

classification, and environmental conditions.

The geochemical method falls short in accounting for

the movement of authigenic components throughout the soil

profile, leading to variations in geochemistry and conse-

quently different W values. Another drawback of the geo-

chemical approach is its inability to accurately differentiate

between changes caused by natural weathering processes

and those induced by human activities, potentially leading

to misinterpretations in soil studies and palaeoclimate recon-

structions [4, 5]. While the mineralogical approach to soil eval-

uation cannot fully replace the geochemical approach, it can

provide quick and broad insights into soil characteristics [6].

Mineralogical analysis directly identifies and quantifies the

minerals present in soil, offering valuable information about

soils are shaped by the clay mineral composition and the

environmental conditions present during their formation [8]

and structural changes in soil, which are crucial for studying

soil formation and classification.

The mineral composition of soils in a specific region is

significantly impacted by the geological formations beneath

it. The inherent physical and chemical properties of diverse

.

In some cases, widespread of minerals in the soil makes it

difficult to predict the provenance determination. For exam-

ple, [9] identified difficulties in anticipating soil properties

due to the varied mineral compositions. They underscored

the complexity of using mineral factors for determining ori-

gin in Arctic regions, recommending the incorporation of

diverse source minerals and alternative techniques such as

Fe-Oxide fingerprinting to improve precision.

One of the major challenges is the anthropogenic con-

tamination of soil caused by plants, factories, and the oil

industry, which makes predicting soil behavior difficult. For

example, from 1954 to 1983, a vermiculite processing plant

located near Honolulu airport handled material contaminated

with asbestos from the Libby, Montana mine, leading to sig-

nificant health concerns that eventually caused the facility

to shut down in 1983 and undergo remediation in 2001 [10].

Despite these remediation efforts, there remain worries about

the persistence of asbestos contamination due to the facility’s

proximity to residential areas. Recent soil and air sample

tests have shown that asbestos contamination remains in the

soil, though no airborne asbestos fibers were detected. How-

ever, there is still a risk that fibers could become airborne

under certain conditions.

Considering that the study area comprises deposits

formed by various types of flow, both the type of flow and

sediment load significantly influence the mineral content

and distribution in the soil. underscores that changes in flow

quantity and sediment load components, driven by climatic

changes and human activities in river basins, directly impact

these characteristics [11, 12]. These dynamics are evident in

river delta sediments, facilitating comparisons between the

attributes of recent and ancient sediment layers. Furthermore,

variations in soil horizons within the same pedon, influenced

by pedogenic processes, transportation, and deposition, ex-

hibit distinct properties such as texture, organic matter con-

ing these factors is crucial for understanding the mineral

composition and distribution in the studied area [13, 14]

soil genesis, weathering processes, and environmental condi- tent, soil pH, redox potential, element content, minerals,

tions [7]. This approach helps in understanding the physical oxides, and microbial communities. Therefore, investigat-

.

[15] find The Tigris and Euphrates rivers deposit most

of their suspended load in the Mesopotamian Plain, primarily

comprising silt, clay, and sand particles. The sediment anal-
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ysis revealed that silt particles dominate, with an increase

in clay particles further along the rivers. pH values ranged

from 7.39 to 7.70, and electrical conductivity from 1.39 to

2.16 ds m−1. The sediments contained 83% non-clay miner-

als (e.g., calcite, quartz) and 17% clay minerals (e.g., illite,

kaolinite).Taking this into account, we have determined that

evaluating the soils in the specified area is of great interest

and essential due to the high oil industry activities in south-

ern Iraq over the past 70 years, which have undoubtedly

affected soil composition. Rahman et al., 2022 The study

analyzed heavy mineral (HM) concentrations in Meghna

River sands using various microscopic and spectrometric

techniques to determine their mineralogy, geochemistry, and

source rocks. The sands were primarily composed of quartz

and feldspar, with HMs making up around 9 wt.% and in-

cluding amphibole, epidote, and garnet. Ilmenite and garnet

were identified as having commercial extraction potential

due to their favorable compositions and concentrations. The

sands’ textures and feldspar content indicated low hydraulic

sorting and alteration, suggesting a mixed metamorphic and

igneous source area [16].

This study aims to assess the soil in terms of silt and

oxides at the Shatt al-Arab Deposits in Basra, Iraq, using a

mineralogical approach. To the best of our knowledge, there

is no study in the literature that evaluates the mineralogy of

this specific region for detecting silt and oxides. Samples

were collected from depths of 0–30, 30–60, and 60–90 cm.

The silt fraction (2–53 micrometers) was isolated, and min-

eral analysis was conducted using XRD and a point counting

device. Morphological characteristics were determined using

a polarized light microscope. XRD analysis revealed the pres-

ence of minerals such as quartz, calcite, dolomite, smectite,

kaolinite, chlorite, illite, hematite, magnetite, and albite at

varying depths. Additionally, polarized light microscopy iden-

tified further minerals within light and heavy fractions. This

comprehensive mineralogical evaluation provides a novel

contribution to understanding the soil composition in the

Shatt al-Arab region, offering critical insights into the impact

of prolonged oil industry activities on soil characteristics.

2. Materials and methods

The study area was chosen within the lands located in

Basra Governorate. This area represents part of the southern

alluvial plain of Iraq, where three sites were selected from

the study soils Figure 1.

Figure 1. Map of Iraq showing the study areas.

2.1 Preliminary procedures

The study area was selected within the lands located 

in Basra Governorate, specifically in the Faw area. This 

area represents part of the southern sedimentary plain of 

Iraq. Soil samples were obtained uniformly at depths of 

(0–30 cm, 30–60 cm, and 60–90 cm). The samples were 

then transported to the laboratory where they were air-dried 

and disaggregated using a wooden hammer (to preserve the 

morphology of the minerals). The samples were then sieved 

with a 2 mmmesh. After that, the silt separates were isolated,

and the sand was separated using a 53-micrometer sieve. Fi-

nally, clay was separated from silt using the sedimentation 

method.

2.2 Mineralogical analysis

The X-ray diffraction (XRD) analysis of the silt sep-

arates was conducted using the powder method at the De-

partment of Earth Sciences, College of Science, utilizing an 

X-RD device. The software program used for identifying the 

predominant sand minerals in the silt separates was (ICDD).

Additionally, minerals were counted and calculated us-

ing the point counting method with a polarized light micro-

scope. A slide was prepared with Canada balsam, onto which 

the silt separates were lightly sprayed, approximately 300 

grains per slide. The percentage of each mineral was then cal-

culated and identified. The correlation coefficient between the 

oxide minerals hematite and magnetite was also calculated.
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3. Results and discussion

3.1 X-ray diffraction of Shatt al-Arab deposits

in the silt separates

The results of the X-ray diffraction (XRD) analysis, as

shown in Figure 2, for the Shatt al-Arab deposits at a depth

of 0–30 cm in the silt separates, indicated the dominance of

Calcite at 38.1%, followed by Quartz at 27.6%, Dolomite at

10.1%, Albite at 6.2%, Smectite at 4.1%, Chlorite at 3.8%,

Kaolinite at 3.2%, Magnetite at 3.1%, Hematite at 2.2%, and

Illite at 1.5%.

Figure 2. X-ray diffraction of silt for Shatt al-Arab deposits at a

depth of 0–30 cm.

The results of the X-ray diffraction (XRD) analysis, as

shown in Figure 3, for the Shatt al-Arab deposits at a depth

of 30–60 cm in the silt separates, indicated the dominance

of Quartz at 32.1%, followed by Calcite at 31.0%, Illite at

3.5%, Smectite at 5.0%, Albite at 4.9%, Chlorite at 3.7%,

Kaolinite at 8.3%, Magnetite at 3.2%, Hematite at 2.8%, and

Dolomite at 2.5%.

Figure 3. X-ray diffraction of silt for Shatt al-Arab deposits at a

depth of 30–60 cm.

The results of the X-ray diffraction (XRD) analysis, as

shown in Figure 4, for the Shatt al-Arab deposits at a depth

of 60–90 cm in the silt separates, indicated the dominance

of Calcite at 41.2%, followed by Quartz at 25.5%, Illite at

8.2%, Dolomite at 5.9%, Smectite at 4.3%, Magnetite at

3.5%, Chlorite at 3.3%, Kaolinite at 3.2%, Hematite at 1.5%,

Palygorskite at 1.3%, and Halite at 0.1%.

Figure 4. X-ray diffraction of silt for Shatt al-Arab deposits at a

depth of 60–90 cm.

From the above results, we find that Quartz dominates

at a depth of 30–60 cm, while Calcite dominates at depths of

0–30 cm and 60–90 cm. This is attributed to the calcium-rich

parent material, which is the main component of calcareous

rocks prevalent in areas with dry and semi-arid climates.

Calcite is also found in igneous rocks with low silica con-

tent and is absent in regions with high rainfall. The results

also showed the presence of Albite at depths of 0–30 cm

and 30–60 cm. Albite, a member of the feldspar group, is

attributed to the nature of the parent material and the activity

of weathering processes [17].

Dolomite was identified at a depth of 0–30 cm, which

is attributed to the mineral composition of the parent ma-

terial. The results also showed the presence of Chlorite in

small amounts at all depths. Illite was found at all depths, a

mineral inherited from the parent basaltic rocks, which could

be transported to the soil by wind in very small amounts.

This mineral can also form under suitable conditions with

appropriate potassium concentration in the surface horizon

and repeated biological activity. Palygorskite was found at

a depth of 60–90 cm, and its formation is attributed to the

weathering of parent rocks in dry and semi-arid climatic con-

ditions. Additionally, the results indicated the presence of

Magnetite and Hematite at all depths, consistent with the

findings of [18].

Based on the above results, we find a decrease in the

percentage with increasing soil depth for the minerals Calcite,

Dolomite, Albite, Chlorite, and Hematite. Meanwhile, the
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percentage of Quartz, Illite, and Magnetite increased with

depth. The percentages of Smectite and Kaolinite varied

with increasing soil depth.

3.2 Heavyminerals in the silt separates of Shatt

al-Arab deposits

The results in Table 1 show the percentages of heavy

minerals in the silt separates of the Shatt al-Arab deposits.

The main minerals identified were primarily from the

Opaques group. These minerals were recorded in the silt

separates at depths of 0–30 cm, 30–60 cm, and 60–90 cm,

with percentages of 31.2%, 30.7%, and 29.3%, respectively.

The Chlorite mineral group was identified with per-

centages in the silt separates at depths of (0–30, 30–60, and

60–90) cm as 8.4%, 9.9%, and 8.8%, respectively. Chlorite

minerals are sheet silicates characterized by their green or

brown color and have a glassy or pearly luster. The per-

centages of heavy minerals less resistant to weathering, rep-

resented by Pyroxene, were 6.6%, 5.5%, and 2.5% for the

studied depths. Amphiboles, represented by the mineral

Hornblende, which is light green and slightly transparent

with a slightly greenish-brown hue and a glassy luster [19],

were identified with percentages of 6.5%, 5.6%, and 5.1%

for the studied depths.

The examinations also identified the presence of the

Mica mineral group within the heavy minerals in the silt

separates of the Tigris River deposits. This group includes

the minerals Biotite and Muscovite. Biotite was recorded

with percentages of 5.4%, 4.9%, and 4.3%, while Muscovite

was recorded with percentages of 7.7%, 6.4%, and 9.7%.

Generally, Muscovite exceeded Biotite in all depths.

The minerals identified as highly stable included Tour-

maline, Zircon, and Rutile, found within the heavy minerals

in the silt separates at depths of (0–30, 30–60, and 60–90)

cm. The percentages for Tourmaline were 8.8%, 7.3%, and

8.9%, while Zircon recorded 9.2%, 7.5%, and 8.3%. Ru-

tile, characterized by its dark red color and distinct cleavage,

had percentages of 6.1%, 7.2%, and 7.4% at the respective

studied depths.

Additionally, the heavy minerals in the silt separates

included Garnet, which recorded percentages of 2.3%, 4.7%,

and 5.5%, while Epidote was identified with percentages of

4.8%, 3.6%, and 5.2% at the respective studied depths.

The results in Table 1 showed that the heavy minerals

in the silt separates contain Staurolite, which was recorded in

the Shatt al-Arab deposits with percentages of 1.5%, 2.4%,

and 1.7%. Meanwhile, Kyanite was recorded with percent-

ages of 1.2%, 1.4%, and 2.8% at the respective studied depths.

Figures 5–9 illustrate some images of these minerals.

Figure 5. Equidimensional grain with a prominent relief—Garnet

in Shatt al-Arab deposits at a depth of 30–60 cm.

Figure 6. Honey-colored grain—Multicolored strong Tourmaline

in Shatt al-Arab deposits at a depth of 30–60 cm.

Figure 7. Flaky-shaped grain—Muscovite mica in Shatt al-Arab

deposits at a depth of 60–90 cm.

87



Journal of Environmental & Earth Sciences | Volume 06 | Issue 03 | October 2024

Table 1. Percentages of heavy minerals in the silt separates of Shatt al-Arab deposits.

Heavy minerals
Shatt al-Arab sediments

0–30 30–60 60–90

Opaques 31.2 30.7 29.3

Chlorite 8.4 9.9 8.8

Pyroxene 6.6 5.5 5.2

Hornblende 6.5 5.6 5.1

Mica Group
Biotite 5.4 4.9 4.3

Muscovite 7.7 6.4 7.9

Epidote 4.8 3.6 5.2

Zircon 9.2 7.5 8.3

Tourmaline 8.8 7.3 8.9

Rutile 6.1 7.2 7.4

Garnet 2.3 4.7 5.5

Staurolite 1.5 2.4 1.7

Kyanite 1.2 1.4 2.8

Others 0.3 0.9 0.6

Figure 8. Brown flaky-shaped grain of Biotite mica in Shatt

al-Arab deposits at a depth of 60–90 cm.

Figure 9. Highly embossed golden grain—Staurolite in Shatt

al-Arab deposits at a depth of 60–90 cm.

Light minerals in the silt separates of Shatt al-Arab de-

posits

The results in Table 2 show the percentages of light

minerals in the silt separates at depths of (0–30, 30–60, and

60–90) cm in the soil of the Shatt al-Arab deposits. The

results identified the quartz mineral group, which includes

Monocrystalline Quartz and Polycrystalline Quartz. The per-

centages of Monocrystalline Quartz were 38.2%, 39.3%, and

37.8%, while Polycrystalline Quartz recorded percentages

of 4.9%, 3.4%, and 4.2% at the respective studied depths.

The dominance of quartz minerals is attributed to their high

resistance to weathering, hardness, lack of cracks, and light

weight, making them more stable and persistent [20]. Overall,

Monocrystalline Quartz was more dominant compared to

Polycrystalline Quartz in all silt separates across the three

depths.

The results also showed the dominance of feldspar

minerals, represented by Potash Feldspar Microcline and

Plagioclase Feldspar, as illustrated in Figure 10. These min-

erals recorded percentages of 3.4% and 4.3% for the above

feldspar minerals, respectively, at a depth of 0–30 cm. At

depths of 30–60 cm and 60–90 cm, the percentages were

4.1% and 2.8%, and 5.3% and 2.4%, respectively.

The results in Table 2 showed the rock fragments,

which included Carbonate Rock Fragments (Figure 11),

Chert Rock Fragments, Metamorphic Rock Fragments (Fig-

ure 12), Evaporites (Figure 13), Igneous Rock Fragments,
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and Mudstone Rock Fragments. These rock fragments con-

stituted the silt separates at depths of 0-30 cm (16.1%, 8.8%,

6.9%, 8.4%, 2.8%, and 3.1%) respectively. At a depth of

30–60 cm, the percentages were (20.9%, 7.5%, 6.7%, 7.4%,

3.5%, and 2.2%) respectively. At a depth of 60-90 cm, the per-

centages were (19.2%, 9.4%, 6.7%, 7.3%, 3.2%, and 3.8%)

respectively. The dominance of all rock fragments aligns

with the findings of Kazem [9]. The results also showed the

dominance of quartz minerals followed by rock fragments,

which is consistent with the findings of [21].

Figure 10. Orthoclase feldspar grain in Shatt al-Arab deposits at a

depth of 0–30 cm.

Figure 11. Carbonate rock fragment—limestone in Shatt al-Arab 

deposits at a depth of 30–60 cm.

Figure 12. Chert rock fragment in Shatt al-Arab deposits at a 

depth of 30–60 cm.

Figure 13. Evaporite rock fragment—gypsum in Shatt al-Arab

deposits at a depth of 30–60 cm.

3.3 Free iron oxides in the silt separates of Shatt

al-Arab deposits

Table 3 shows the presence of Hematite in the silt sep-

arates of Shatt al-Arab deposits at depths of 0–30 cm, 30–60

cm, and 60–90 cm, with percentages of 2.2%, 2.8%, and

1.5%, respectively. This mineral is one of the most important

free iron oxides, characterized by its shiny black color and

high density, and is part of metamorphic igneous rocks [22].

The results also showed the presence of Magnetite in the

silt separates of Shatt al-Arab deposits at depths of 0–30 cm,

30–60 cm, and 60–90 cm, with percentages of 1.3%, 3.2%,

and 5.3%, respectively. The proportions of Magnetite were

higher than those of Hematite in these deposits. The total

oxides in these separates were 5.3%, 6.0%, and 5.0%, which

is consistent with the findings of [23, 24].

4. Conclusions

This study investigates the mineral composition and

distribution of silt and oxides in the Shatt al-Arab River de-

posits in the Faw area of Basra Governorate. Using XRD and

polarized light microscopy, minerals such as quartz, calcite,

dolomite, and others were identified at various depths. The

findings highlight a dominance of monocrystalline quartz

and opaque minerals, with magnetite more prevalent than

hematite, and significant depth-related variations. These re-

sults provide valuable insights into sedimentary processes

and resource potential, emphasizing the need for further re-

search on temporal changes in mineral composition to better

understand regional geology and resource management.
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Table 2. Percentages of light minerals in the silt separates of Shatt al-Arab deposits.

Light minerals
Shatt al-Arab sediments

0–30 30–60 60–90

Quartz
Monocrystalline Quartz 38.2 39.3 37.8

Polycrystalline Quartz 4.9 3.4 4.2

Feldspars
Potash Feldspar 3.4 4.1 3.5

Plagioclase Feldspar 4.3 2.8 2.4

Rock

Carbonate Rock Fragments 16.1 20.9 19.2

Chert Rock Fragments 8.8 7.5 9.4

Mudstone Rock Fragments 6.9 6.7 6.7

Evaporites (Gypsum) 8.4 7.4 7.3

Igneous Rock Fragment 2.8 3.5 3.2

Metamorphic Rock Fragments 3.1 2.2 3.8

Coated Grains by Clay 2.5 1.4 2.2

Others 0.6 0.9 0.3

Table 3. Percentage of iron oxides in the silt separates of Shatt al-Arab deposits.

Mineral % Depths 0–30 cm Depths 30–60 cm Depths 60–90 cm Correlation

Hematite 2.2 2.8 1.5 0.53

Magnitite 3.1 3.2 3.5 0.96

Total 5.3 6.0 5.0
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