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ABSTRACT

This study focuses on analyzing the mineral composition of sand fraction was separated from clay and silt in selected
soils of the Western Desert in Karbala Governorate, Iraq, and assessing the intensity of Mineral Weathering Index MWI
and ZTR indicators. Sixteen samples were collected from depths of 0-30 cm, sand was separated from clay and silt, then
light and heavy minerals were identified with polarized light microscope. The results showed that monocrystalline quartz
dominated by 21.1-26.9%, while polycrystalline quartz ranged between 2.7-4.6%. Feldspar content ranged 2-3.9%, and
carbonate rock fragments accounted for 28.2-40.2%. Heavy minerals were the most abundant which resented by iron
oxides at 39.5-47.7%. Chlorite is present with 7.8-10.1%, biotite mica 4.4-6.5%, and muscovite 4.9-6.9%. Unstable
minerals such as pyroxene and amphiboles ranged from 3.4-6.8%. MWI values ranged from 0.33-0.44, and ZTR values
between 21.1-26.9, moderate to low weathering and low to moderate mineral maturity. These results reflect the nature of
sedimentary deposits and the impact of a dry desert environment on limited chemical weathering.
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Desertification poses an environmental challenge that threatens
the ecosystems of dry and semi-arid regions around the world. Mainly
in desert environments characterized by scarcity of vegetation cover,
low intensity of weathering processes. The severity of depending on
several factors, including the parent material, climatic conditions,
erosion factors and the sedimentation environment. Studying the
mineral composition of the sand fraction in the soil essential for
understanding geological and geochemical processes and thus affects
the development of the soil, as sand minerals, especially heavy sand
minerals, retain their mineral footprint over time [!l. These studies
provide an indication of the intensity of weathering processes and thus
help to classify the soil and understand its development and the
dynamics of the ancient environment.

Desert soils in the western regions of Iraq are an important
geomorphological study model because of their dry climate.
Weathering processes are limited due to high temperature, low of
rainfall and limited vegetation cover. Therefor chemical weathering
processes are less active or almost non-existent and physical
weathering processes are the most influential and therefore depends on
understanding and studying the type of geological formation, which



includes calcareous and stratified formations. Most of these deposits consist of young sediments >3,

Recent studies ¢ have confirmed that the mineralogical analysis of the components of the sand fraction
of light minerals such as quartz, feldspar and rock fragments, and heavy minerals such as opaque minerals,
stable and semi-stable minerals and others are relied upon to track the precipitation chest and sedimentation
conditions, as well as to study them. This study provides a natural record that helps in understanding the history
of the soil and its development and linking it to the geological source. Therefore, this study aims at evaluating
the mineralogical composition of the sand separator in selected soils of the Western Desert in Karbala
Governorate, as well as assessing the degree of weathering of these soils.

2. Materials and methods

The soil sampling site was selected in the Ain al-Tamr district, located about 85 Km west of the city of
Karbala, which is an extension within the western desert in Iraq that extends between latitudes 32° 34' 0" N
and longitudes 43° 29' 17" E. It is bordered to the north by Lake Razara, to the south by the governorate of
Najaf Ashraf and to the west by the governorate of Anbar (Figure 1).

Figure 1. The study area

This area is characterized by natural sand structures as well as the presence of various geological
formations. Sixteen soil samples were collected at a depth of 0-30 cm. The locations of the samples were
determined using GPS. The samples were air dried and then grinded. The sand was separated from clay and
silt using the method of wet sieving with a sieve of 50 microns. Using CHBr ; with a specific weight of 2.89,
the sand components were separated into heavy and light minerals ). The percentage of sand minerals was
calculated using a point counter device, counting 250-300 sand grains per slide using the polarized light
microscope according to the ¥ in the laboratories of the Department of Earth Sciences College of Sciences
University of Baghdad.

3. Results and discussion

3.1. Light sand minerals

The results of Table 1 show the mineral composition of the sand fraction revealing clear difference in the
proportions of light minerals. Quartz is predominant mineral in all studied soils samples, especially
monocrystalline quartz, which extinction in both straight and undulose extinction, indicating contribution from
igneous and metamorphic rocks, The monocrystalline quartz are coarse to smooth single crystals (Figure 2a)
ranging from 21.1-26.1%. In contrast polycrystalline quartz ranged between 2.7-4.6%, its grains appeared as
composted quartz, of two or more crystalline units with different optical orientations, the grain exhibited
angular to semi-circular



shapes (Figure 2b), and its grains are characterized as medium-sized undulating. This reflects a high
degree of mineral maturity, as its high percentage is due to the influence of the parent materials it is the main
component of the sand separator as well as its high resistance to chemical and physical weathering due to the
nature of its chemical bonds, especially in desert environments with limited water activity [9,10].

The results showed that the proportions of feldspar minerals ranged between 2.3-3.9% for potash
feldspar, which is characterized by its fuzzy shape, corroded edges, minus faces, with a simple
twinning (Figure 2¢), and its colors ranged between pink, white, red, or colorless glass shimmer, with
black spots on the surface, and this is due to the state of transformation that occurs in the mineral

towards other minerals ']

Table 1. Light Minerals (%) in Sand Fraction of the Studied Soils

Light Sample Numbers

Components

Monocrystallin  21. 23, 21. 25. 24, 25. 24, 23. 24, 26. 22. 23. 25. 21. 25. 26.

e Quartz 4 4 1 8 8 7 2 1 7 9 1 2 5 7 2 2
Polyerystalline 5, » 5 40 35 27 36 39 46 37 38 41 36 42 35 46 33
Quartz
Alkali 23 24 27 24 30 29 26 31 28 23 28 32 24 31 34 39
Feldspar
Plagioclase -, ¢ 95 27 25 27 23 22 25 24 21 26 21 23 24 2
Feldspar
Carbonate
Rock 33, 33, 34 39, 32 34 35 32, 29, 31. 40. 31. 28 36 31. 30
7 4 7 7 0 8 9 3 3 2 8 2 3 6 1
Fragments
ChertRock o, g6 75 10 g1 79 g5 94 77 88 68 95 93 0 74 31
Fragments 9 2
Igneous Rock
28 21 25 26 28 19 2 22 26 17 15 23 18 19 24 14
Fragments
Metamorphic
Rock 20029 21 26 24 25 19 12 18 22 16 27 22 25 14 16
Fragment
Mudstone
Rock 46 39 36 28 45 37 35 40 38 33 43 35 38 41 42 34
Fragments

Evaporates 77 68 75 79 44 63 74 86 64 97 56 72 161. 6.7 78 6.1

Coated Clay 18 12 24 17 29 32 28 33 29 31 26 24 28 26 24 22

Others 25 13 25 23 17 18 24 19 18 16 23 20 21 09 23 17

The plagioclase feldspar minerals ranged from 2 to 2.8%. The dominant mineral is the Albite that appeared
angularly to semi-angular (Figure 2d), which is characterized by multiple twinning and clear cracking in two
directions, one complete and the other less clear. Reference !'?! stated that since feldspar minerals are less
resistant to weathering, their presence is affected by the nature of the components of the soil and the substance
of origin. As most of them are of fiery origin in garnet rocks and its transformation from gneiss rocks, as well
as the intensity of weathering processes and drought conditions and its transmission through dry environment
systems 3], As for the carbonaceous rock fragments, they formed high proportions (28.2-40.2%). This reflects
the prevalence of calcareous sedimentary rocks, which is one of the main sources of the original material, as



they are characterized by a wide spread such as the opening, Rumaila, and the western and southern region of
Iraq, which contain limestone and dolomite rocks 14,

K-Feldsnar

Figure 2. Photo micrographs shoeing some light minerals in the studied soils (40x magnification).

While the presence of other rock fragments (Chert,Igneous, Metamorphic, Mudstone) is low and its
contribution is limited and it is from pyrotechnic or metamorphic sources and may be the result of deposits
that have been transported over long distances or materials that have disintegrated and decomposed and
51 The evaporators with remarkable proportions ranged

between 4.4-11.6%, which indicates very dry climatic conditions that led to the deposition of gypsum and

descended from old solid blocks from distant areas

halite within desert environments, and this is reinforced by the presence of sabkha and gypsum deposits in low
surfaces in the study area ')

The Feldspar + Rock Fragments /Quartz ratio was used as an indicator to calculate the MWI for light
minerals in all studied soils (Table 2). Most of the studied soils fell within the range of 0.27 - 0.32 (Figure 3).
It indicates that the soils are exposed to low to moderate weathering with relative stability of quartz mineral
and varying contributions of less resistant minerals such as feldspar and rock fragments. The level of this
weathering is attributed to the desert environment, which is characterized by poor water activity, with the
continued impact of physical factors such as erosion and wind transport, which is consistent with the geological
and ecological structure of the study area.
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Figure 3. Classification of the studied soils according to the weathering coefficient of light minerals

Table 2 .Weathering index and mineral maturity index of light minerals in the study soils

Sample Weathering index (relative) Interpretation
1 0.33 Low Medium
2 0.35 Medium Weathering
3 0.34 Medium Weathering
4 0.41 Good temperate weathering
5 0.38 Moderate Weathering
6 0.41 Good temperate weathering
7 0.39 Moderate Weathering
8 0.38 Moderate Weathering
9 0.40 Good temperate weathering
10 0.44 Relatively high weathering
11 0.36 Medium Weathering
12 0.37 Moderate Weathering
13 0.42 Good temperate weathering
14 0.34 Low Medium
15 0.42 Good temperate weathering
16 0.42 Good temperate weathering

3.2. Heavy sand minerals

The results in Table 3 indicate that the opaque minerals represented mainly by iron oxides are predominant
in all the soils of the study, as their proportions ranged between 39.5-47.7%. This is due to the fact that these
minerals are more stable and resistant to weathering, so their source is due to the accumulation of deposits rich
in iron oxides as a result of the presence of geomorphological or climatic activities. Magnetite oxide and black
chromite of opaque color have diagnosed the mineral sparkle (Figure 4a) as well as hematite oxide of red-
brown color with irregular shape (Figure 4b).[!”)

In the current study, the average quantitative values of chlorite mineral ranged from 7.8-10.1 of the total

components of heavy minerals.



Table 3. Heavy Minerals (%) in Sand Fraction of the Studied Soils

Sample Numbers

Heavy
Components 4 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Opaques) 1) g 395 469 443 457 433 453 477 457 432 451 445 463 461 458 424
Iron Oxides
Chlorite 85 1001 86 97 99 91 87 89 88 84 81 80 78 84 92 90
Group
Gamnet 6.1 50 38 42 46 57 38 42 47 53 42 62 59 44 50 52
Group
Zircon 63 64 53 55 55 42 46 39 43 44 56 43 45 32 52 50

Pyroxene 68 62 58 67 62 57 62 53 46 62 59 46 6.1 54 49 46
Amphibole 5.1 56 37 6.1 57 53 49 34 44 59 47 58 46 52 42 6.1
Epidote 4.1 65 56 42 63 48 56 62 60 68 58 42 6.1 57 51 5.5
Biotite 62 59 54 44 65 53 62 58 53 45 52 51 47 54 57 49
Muscovite 65 6.1 64 5.1 60 49 49 60 63 57 69 55 52 56 64 58

Tourmaline 1.2 - 1.8 16 06 - 23 22 28 14 08 13 20 1.7 22 15
Staurolite 1.7 12 - 1.3 1.1 09 - 1.4 - 1.6 13 15 08 20 19 18
Kyanite 24 18 26 26 15 - 19 17 20 11 24 21 22 19 20 23
Rutile 09 11 - 1.3 1.0 12 - - 10 12 09 13 08 1.1 - 0.7
Celestite 0.5 14 12 13 09 11 08 06 - 1.0 - 07 02 - 04 0.6
Others 14 20 26 09 23 28 25 29 27 16 14 19 21 14 27 18

The color of the Chlorite phylosllicet mineral is mostly green to pale green with a round shape (Figure 4c)
and is often derived from the transformation of biotite minerals, amphiboles, paroxene, or derived from
metamorphic rocks 8. One of the good indicators of the stability of the original minerals is the emergence of
the minerals of garnet, zircon, tourmaline and rutile, despite their medium to low ratios. These minerals are
considered weathering-resistant minerals and are attributed to the type and nature of the original rocks, as most
of the rocks from which these minerals are derived are basic igneous rocks and metamorphic rocks [, The
Biotite and Muscovite Mica minerals appeared in varying proportions (4.4-6.5%) and(4.9-6.9%) respectively.
Their presence indicates a medium transport distance, as biotite is less resistant to weathering than muscovite,
indicating a transformed volcanic source or resulting from rapid decomposition in the sedimentary
environment 2,

It is noted from Table 3 that there is a group of unstable minerals represented by pyroxene and amphibole,
as the proportions of pyroxene ranged from (4.6-6.8). Pyroxene is found in igneous rocks (basal and supra-
basal), which are characterized by being colorless or pale yellowish green (Figure 4d).As for the Amphiboles,
whose proportions ranged between (3.4 - 6.1%), their presence indicates an undeveloped source of igneous
rocks, which are distinguished by the pale brownish green color 2!, The presence of these unstable minerals
in the studied soils indicates the multiplicity of sources, the difference in transport distances and the speed of
sedimentation, and that chemical weathering was not severe.
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Figure 4. Photo micrographs shoeing some Heavy minerals in the studied soils(40x magnification)

As for the minerals of rutile, staurolite, kyanite, celestite, and others, their presence is limited or not
available in a number of samples, and this indicates a disparity in the conditions of formation, transport,
sedimentation, and the selectivity of sedimentation or weathering processes.

3.3. Calculation of weathering index ZTR index
An indicator was calculated as follows

ZTR Index= Zircon +Tourmaline +Rutile

Its value ranged between 21.1-26.9 (Figure 9). These values are considered low to medium according to
the classification of mineral pumping %!, as the sand separation is considered mineral mature if the ZTR value
is 25-30, which indicates the exposure of sediments for long periods of weathering and erosion processes.

ZTR Index per Samples- Sand Fraction Heavy Minerals
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These low values indicate that the transport distance is short from its original source or has been rapidly
deposited without sufficient exposure to chemical weathering processes, as well as from newly formed
metamorphic or igneous rocks. These results are consistent with the geological nature of the study area, as it
is a transitional sedimentary area affected by sediments carried from neighboring highlands such as the western
plateau or sedimentary rocks, as these deposits are not exposed to long and frequent weathering cycles.

4. Conclusion

The results of the study showed that the sand fraction in the western desert soils of Karbala Governorate
has a varied mineral composition that reflects the nature of the parent material and the prevailing climatic
conditions. Monoclinic quartz appeared as the main component of light minerals, along with varying
proportions of polycrystalline quartz, feldspars, and carbonaceous rock fragments, indicating the
predominance of calcareous sedimentary rocks as the main source. In contrast,(Opaques) iron oxides were
found to represent the largest proportion of heavy metals, while unstable metals such as amphibole and
pyroxene were present in limited proportions, reflecting the multiple sources of deposition and short transport
distance This is what the weathering indices results showed, as the MWI showed weak to moderate weathering,
while the ZTR showed low mineral maturity. It represents a transitional sedimentary environment that is
predominantly A characteristic consistent with the dry desert environment that limits the effectiveness of
chemical weathering and increases the role of mechanical processes, As well as low mineral maturity,
suggesting that the sediments had not undergone long cycles of resedimentation or extended weathering

Conflict of interest

The authors declare no conflict of interest

References

1. E. Gil, S.Esen.High desertification susceptibility in forest ecosystems revealed by the Environmental Sensitivity
Area Index (ESAI). Sustainability. 2024 16(23), 10409. https://doi.org/10.3390/su162310409

2. B. H., Abdulmahdi, F. M. Abdulhussein. Geochemistry of the kaolinite-rich claystone in Western Iraq. Iraqi
Journal of Science,2025. 66(6), 2370-2381. https://doi.org/10.24996/ijs.2025.66.6.15

3. H. A. Al-Amar. Geotechnical and Geochemical Study of Shatt Al-Hilla Banks' Soil in Babylon Governorate,
Middle of Iraq. Iraqi National Journal of Earth Sciences. 2025. 25(1), 222-231.
https://doi.org/10.33899/earth.2024.144800.1177

4. S.N.S. Al Baghdady, L. A. S. Alabadi .Studying and diagnosing the heavy and light sand minerals for some of
the soils in southern and northern Iraq. IOP Conference Series: Earth and Environmental Science,2021. 735(1),
012081. https://doi.org/10.1088/1755-1315/735/1/012081

5. S. A. Ali. Variations in heavy minerals as indicators of provenance of the recent sediments from the Lesser Zab
River, north Iraq. Kirkuk University Journal-Scientific Studies.2006. 1(1), 37-50.
https://doi.org/10.32894/kujss.2006.43637

6. M. L. Hussien, M. R. A. Al-Owaidi, A. J. Al-Khafaji, M. D. Abduulah Geochemical and heavy minerals
investigation to identify provenance of dunes and valley sediments at Al-Muthanna, southern Iraq. Modeling Earth
Systems and Environment.2022. 9(2), 129-143. https://doi.org/10.1007/s40808-022-01473-9

7. H. B. Milner, Sedimentary petrography. 4thed. 1962. Murby and Co. London.

P.F. Kerr, Optical mineralogy.4th ed. McGraw-Hill Book Co. 1977. Inc. New York, U.S.A.

9. S. Ramadan, M.A. Hamdan, M. Abdel Wahed. The provenance and history of Abu Muharak barchan sands
(Kharga Depression) inferred from textural, mineralogical, and geochemical perspectives. Arabian Journal of
Geosciences. 2022. 15(1582),13-28. https://doi.org/10.1007/s12517-022-10848-2

10. M. Bernet. K.N. Bassett, Quartz types of the eocene broken river formation, mount somers: discrimination of
volcanic versus metamorphic source rocks. New Zealand. Journal of Geology and Geophysics.2016.59 (2), 274—
285. https://doi.org/10.1080/00288306.2015.1132743

11. SH. M. A AlKhalil. A comparative study of organic and mineral acids in the release of potassium from potassium
feldspar minerals. IOP Conf. Ser.: Earth Environ. Sci. 2025.1487 012200. https://doi:10.1088/1755-
1315/1487/1/012200

12. SH. M. A AlKhalil, S. K. Essa. Effect of sedimentation source on the nature occurrence and distribution of the
feldspar in some soil of alluvial plain Iraq. Plant Archives. 2020. 20(2), 812-822
https://www.plantarchives.org/SPL%20ISSUE%2020-2/119  812-822 .pdf

8

*®


https://doi.org/10.3390/su162310409
https://doi.org/10.24996/ijs.2025.66.6.15
https://doi.org/10.33899/earth.2024.144800.1177
https://doi.org/10.1088/1755-1315/735/1/012081
https://doi.org/10.32894/kujss.2006.43637
https://doi.org/10.1007/s40808-022-01473-9
https://doi.org/10.1007/s12517-022-10848-2
https://doi.org/10.1080/00288306.2015.1132743
https://doi:10.1088/1755-1315/1487/1/012200
https://doi:10.1088/1755-1315/1487/1/012200
https://www.plantarchives.org/SPL%20ISSUE%2020-2/119__812-822_.pdf

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

SH. M. A AlKhalil, S. K. Essa. Effect of sedimentary source on the properties of sphericity and roundness of
feldspar minerals in some soils of the alluvial plain. Indian Journal of Ecology. 2021. 48(1), 315-318
https://indianecologicalsociety.com/wp content/themes/ecology/volume pdfs/48(1) removed%20(1)-53.pdf
V.K. Sissakian, H.K. Al-Jiburi, H.S. Al-Mimar. Geological Hazards in Karbala Quadrangle. Journal of African
Earth Sciences.2014. 95, 89—104. https://doi.org/10.1016/j.jafrearsci.2013.09.007

Q. Zhang, B. Zhang, Q. Yu, et al,. Study on the Provenance and Tectonic Setting of Mudstone in the Lower
Silurian Longmaxi Formation of the Yanyuan Basin on the Western Margin of the Yangtze Platform.
Minerals.2023. 13(2), 194. https://doi.org/10.3390/min13020194

Y. B. Mohammad, S. M. Awadh Geochemistryof Sabkhas in Abu Ghraib, Western Baghdad, Iraq. Iraqi
Geological Journal. 2023. 56 (2B).145-158. https://doi.org/10.46717/igj.56.2B.11ms-2023-8-20

A.R. Alil, S. A. Jassim , Z. N. Aladeen. The Role of Heavy Minerals in Understanding the Provenance of
Sandstone: An Example from the Upper Cretaceous Tanjero Formation, Surdash Region, Northeastern Iraq .Iraqi
Geological Journal.2022. 55 (1E), 94-109 https://doi.org/10.46717/igj.55.1E.9Ms-2022-05-25

C. Li, P.Shen, Y. Zhao, P. Li, L. Zhang, H. Pan. Mineral chemistry of chlorite in different geologic environments
and its implications for porphyry Cu + Au + Mo deposits. Ore Geology Reviews. 2022. 145, 105112.
https://doi.org/10.1016/j.oregeorev.2022.105112.

M. Auer, R. Deguise, , S. White. Zircon and tourmaline as geochronological tools: applications in metamorphic
and igneous rocks. Journal of Geology. 2018. 126(3), 305-320. https://doi.org/10.1086/693246.

B.O. Al-Jaff. Using center of gravity equation for mica and smectite in evaluation of K-status in some soils of
Iraqi Kurdistan region Iraqi Journal of Agricultural Sciences.2024. 55(3): 1110-1119.
https://doi.org/10.36103/w953r397.

R. Jassin, W. Goff. Mineralogy of amphibole-bearing rocks: Implications for tectonic settings. Journal of Mineral
Science, 2006 . 52(1): 97-108. https://doi.org/10.1016/j.minsci.2006.02.004.

J.F. Hubert. A zircon-tourmaline-rutile maturity index and the interdependence of the composition of heavy
mineral assemblages with the gross composition and texture of sandstones. journal of Sedimentary

Research ,1962. 32 (3): 440-450

https://doi.org/10.1306/74d70ce5-2b21-11d7-8648000102¢1865d


https://indianecologicalsociety.com/wp%20content/themes/ecology/volume_pdfs/48(1)_removed%20(1)-53.pdf
https://doi.org/10.1016/j.jafrearsci.2013.09.007
https://doi.org/10.3390/min13020194
https://doi.org/10.46717/igj.56.2B.11ms-2023-8-20
https://doi.org/10.46717/igj.55.1E.9Ms-2022-05-25
https://doi.org/10.1016/j.oregeorev.2022.105112
https://doi.org/10.1086/693246
https://doi.org/10.36103/w953r397
https://doi.org/10.1016/j.minsci.2006.02.004
https://doi.org/10.1306/74d70ce5-2b21-11d7-8648000102c1865d

