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     A 59 km2 area of soil transect called Al-Band Hills in the eastern 

part of Misan governorate, south of Iraq was studied. The objective of 

this study was to understand the behavior of minerals and features of 

chemical weathering in the transect area soils that developed on fluvial 

and water-loaded sediments, to fulfill this objective, three soil pedons 

were selected one of them at the top of Hills and second in the middle 

and third Pedon in the bottom of the Hill. The results showed that Al-

Band Hills located in semi-arid soils in the east of Misan governorate, 

south of Iraq are characterized by a low and middle intensity of 

chemical weathering. In an alkaline environment according to its 

carbonate minerals richness, with a low amount of precipitation, the 

intensity, and type of silicate minerals weathering is restricted not only 

by the climate but by the chemical conditions of the soil solution. 

According to this study's findings, the intensity of weathering of 

present soil pedons is mostly inherited from the parent rocks which is 

transferred by the action of water movement from northern areas from 

Turkey and Iran which belongs to the Quaternary. This study will give 

clear sights into the geomorphological and geochemical processes that 

happen in studied soils in semi-arid regions and show the possibility of 

using weathering features in carbonate and alkali sediments.  
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محافظة   ی قمنطقة تلال البند، شر  ی ف ةیائی می الک ة یلمظاهر التجو  ی ومورفولوجیالج لیالتحل
العراق  سان،یم  

 بشار فؤاد معروف1    ، هاشم  حنین كریم2 
 .بل، بابل، العراقجامعة با ، مركز بابل للدراسات الحضارية والتاريخية  ، 1
  .، العراق ، العمارة، ميسانجامعة ميسان   ، الأساسية كلية التربية ، الجغرافياقسم  ،2
 

 معلومات الارشفة   الملخص 
ال  2کم    59احة  تمت دراسة مس        المقطع من  الب  ةيتربة   یند ف تسمى تلال 

الشرق  م  یالجزء  محافظة  ف  یجنوب  ساني من  الاختلاف  کان  متوسط    یالعراق. 
مم/سنة، وکان متوسط درجة الحرارة    12داخل المقطع    ی هطول الأمطار السنو 

 لمعادن ا  ك . وکان الهدف من هذه الدراسة هو فهم سلو ة يدرجة مئو   38  ةيالسنو 
التجوخصائ  المقطوع  ی ف  ة يئا يميالک  ةيو ص  المنطقة  التتربة  على   یة  نشأت 

ثلاثة    اري هذا الهدف، تم اخت  ق يمن أجل تحق   اه، ي والمحملة بالم  ةيالرواسب النهر 
الوَسَط والثالثة    یف  ة يمن التلال والثان   ی الجزء العلو   ی تربة، واحدة منها ف  دوناتيب
ة شرق  به قاحلتربة ش  ی الواقعة فأسفل التل. أظهرت النتائج أن تلال البند    یف

.  ة يائي ميالک  ةي بانخفاض متوسط کثافة التجو   ز يالعراق تتم  ی نوبج   سان يمحافظة م
الأمطار، فإن   ة ي  مع انخفاض کَم    ة،يوفقًا لغناها بالمعادن الکربون  ة ي قلو   ئةيب  یف

الس  معادن  ونوع  مق  کاتيليکثافة  أ  سي ل  دة يتکون  ولکن  بالمناخ    ضًا ی فقط 
ال ا   ةيائيميکبالظروف  الد لتربة. وف لمحلول  لنتائج هذه  التجو قًا    ةي راسة، فإن شدة 

الحال التربة  ف  ةيلبدون  الت  یموروثة  الأم  الصخور  من  بفعل   یالغالب  نقلها  تم 
الم مال   اهيحرکة  الش ِّ المناطق  ترک  ةيمن  العصر   یتنتم  ی الت  رانی وإ  ايمن  إلى 

واض  یستلق  . یالرباع نظرة  الدراسة  العمل  حةهذه    ة ي ومورفولوج يالج   اتيعلى 
المناطق شبه القاحلة وتظهر   یالتربة المدروسة ف  یف  تحدث  ی الت  ة يائيميوکيوالج

 .اتيرواسب الکربونات والقلو   ی ف ة ياستخدام خصائص التجو  ة يإمکان
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Introduction  

Geomorphological features consider a reflection or a result of actions of geological 

processes and factors, one of the most effective processes on the minerals and rocks is 

weathering, which can be defined as the group of activities by which elementary minerals are 

breakdown, and either vanish or are transformed into stable secondary minerals (Delvigne and 

Stoops, 1990). Weathering transforms parent rocks into soil regolith, which can be habituated 

by plants' roots and organisms and used by humans for agricultural uses (Nhu Sang et al., 

2018). Awareness of weathering and formation of secondary new minerals is essential for (i) 

an appropriate comprehension of universal biogeochemical cycles, (ii) the average of soil 

genesis versus soil erosion, (iii) the chemistry of ground and surface waters, and (iv) the rate 

of buffering of acid materials from anthropic depletion (Faksness et al., 2020). 

Weathering of primary minerals and formation of secondary minerals is the dominant 

soil-forming process in materials containing appreciable amounts of easily weatherable 

minerals (Dupré et al., 2003). Most rocks and sediments contain weatherable primary 

minerals (Puttonen et al., 2021). The chemical, mineralogical, and physical properties of soils 

formed on such parent materials are largely determined by the amount, nature, and 

distribution of the secondary minerals (Kalinin et al., 2021; Yousefifard et al., 2015). 

https://orcid.org/0000-0002-2720-7381
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Weathering intensity can be used to predict a range of soil properties (Wilford, 2012). 

Weathering includes the chemical and physical (mechanical) processes correlated with the 

breakdown or transformation of rocks and minerals as affected by climatic factors above and 

within the Earth's crust (Hartmann and Moosdorf, 2011). Weathering is a precondition for 

rocks to be eroded, and it is the reaction between weathering and erosional activities, that is 

essential in comprehending the nature and development of land topography (Brosens et al., 

2021). 

Soil is a main product of weathering and therefore soil genesis is correlated with 

weathering intensity and its outputs (Hartmann et al., 2014). Chemical weathering plays a key 

role in the effects of minerals' characteristics, this type of weathering is most active in a wet 

climate and conditions of high precipitation rate, but sometimes plays an important role in the 

transformation and breakdown of some minerals in arid and semi-arid conditions and this 

phenomenon becomes clear because the weakness of minerals, and it's less resistance to 

weathering although the low rate of rainfall and moisture especially with a high temperature 

in summer, weathering intensity highly control the percentage to which primary minerals are 

transformed to secondary constituents including clay minerals and sesquioxide (Yusoff et al., 

2022). There are changes in the hydrological, geochemical, and geophysical characteristics of 

the soil, as weathering intensity increases. The quality and spatial distribution of the soil is 

highly influenced by parent rocks and weathering degree (Dzombak and Sheldon, 2022; 

Négrel et al., 2013). At similar parent rocks and climates, high weathering intensity is 

reflected in an alteration of the type and quantity of secondary minerals (Adamu et al., 2021). 

As weathering intensity raises, clays such as hydrous mica and 2:1 expansible mineral change 

to more resistant clays such as kandite (Delvigne and Stoops, 1990; Yousefifard et al., 2015). 

With excessive leaching, Fe and Si can be leached, leaving Al-rich gibbsite remains, and 

divergence in the intensity of weathering associated with climate, topography, geology, 

vegetation, and time all affect the allocation of water in the soil and the earth's crust (Prajith et 

al., 2021). 

Although the correlation models have been based on fieldwork information from 

erosional zones, the estimation of weathering intensity likewise has the importance to supply 

perceptions into weathering and geomorphological processes towards sedimentological 

terrains (Ojo et al., 2021). Depending on the origin and geochemical properties of the soil 

source bedrocks, weathering index can reflect active or less active depositional systems and 

the level to which the mineral has been weathered (Baldermann et al., 2021; Millot and 

Négrel, 2013). Intensely weathered fan deposits can be differentiated from more active 

alluvial fans with geochemical compounds that resemble their parent rocks (Bickle et al., 

2018). This research aims to shed light on the effect of chemical weathering of primary and 

secondary minerals on the geomorphological characteristics of the Al-Band hills area east of 

Misan Governorate by using integrated weathering indices. 

Materials and Methods 

1. Study Area: 

Al-Band hills are located in the eastern parts of the Misan Governorate, southern Iraq, 

specifically in the southern parts of the Al-Jazira Eastern region (Maaroof, 2017). Al-Band 

Hills is a geological structure formed by the confluence of three river basins (Al-Sharhani, Al-

Teeb, and Abu Ghraibat), and it is bounded on the north by the Al-Sharhani drainage basin, 

on the south and east by the Abu Ghraibat drainage basin, and on the west by the Al-Teeb 

drainage basin (Maaroof and Kareem, 2022). It lies between latitude (32°16′17.2″N - 

32°23′5.1″N) and longitude (47°09′23″E - 47°17′38.1″E) (Figures 1 and 2). 
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Fig. 1. The location of Al-Band Hills from Iraq. 

 

Fig. 2. Satellite image of Al-Band Hills. 

The area of Al-Band Hills is 59 km2, with a perimeter of 80 km. The elevation levels 

varied in the area, as it consists of a complex topographic system that contains a set of 

landforms that earned it this characteristic. It has been classified into three terrain levels. The 

first region is between Contour Lines 90-70, the second region is between Contour Lines 69-

60, and the third region is between Contour Lines 59-51, whereas, the highest elevation in the 

study area was 90 km (a.s.l), and the lowest was 51 (a.s.l) (Figures 3 and 4). There are many 

waterways in the study area, which are water channels formed by water erosion processes. 

After the end of the rain storm, the water collects and flows in areas with longitudinal 

extension and forms streams and then rivers, which in turn perform all geomorphological 
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processes (erosion and weathering) (Intisar Q. Hussein, 2014; Maitham A. Al-Ghanmi, 2015), 

(Figures 5). By examining the geological map of Iraq, it became clear that the study area is 

completely covered by the Bay Hassan Formation, which consists of a succession of 

sandstone and mudstone layers with intrusions of alluvial stone, and often contains sandstone 

layers and fine and medium-sized gravel, and that the sedimentation environment is fresh 

river water (Jassim S.Z. andGoffJ.C., 2006; Sissakian and Fouad, 2015). 

 

Fig. 3. Contour lines for Al-Band hills area. 

 

Fig. 4. Slope levels (%) for the Al-Band hills area. 
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Fig. 5. The network of waterways in the Al-Band Hills area. 

Climatically, the study area is characterized by the presence of two main seasons, 

namely the hot season of the year, which extends from the beginning of April until October 

(Maaroof, 2022a), and the cold season of the year, which extends from the beginning of 

November until the end of March approximately (Maaroof, 2022b). The summer season is 

characterized by heat and dryness, especially in the months (June, July, and August), as the 

temperature rates for these months are (37°C), (38.2°C) and (37.7°C), respectively, while the 

winter season is characterized by moderate temperatures with their tendency downward. The 

rainfall in the study area is characterized by its seasonality (Agha and Şarlak, 2016), as it falls 

on relatively distant periods, the duration of the precipitation is between October and May, 

and its annual average is (12) mm. (Table1). 
Table 1. Climatic elements recorded in Al-Amarah Climatic Station for the period 1980-2009. 

Months temperature (°C) Rainfall (mm) 

January 16.2 34.5 

February 19.5 22.6 

March 24.2 31.7 

April 30.9 13.3 

May 40.7 2.1 

June 45.7 - 

July 47.2 - 

August 45.2 - 

September 42.1 - 

October 35.2 5.7 

November 25.7 14.5 

December 20.1 19.7 

Average and sum 32.7 144.1 

2. Fieldwork: 

To identify the weathering intensity and its reflectance on the geomorphological 

characteristics of the studied area the work had been done in two stages, the first stage 

identified the locations of the samples by dividing the study area into three transects, all 

transects including one soil Pedon was the locations selected in three different elevations, 

Pedon 1 in the upper part of Al-Band hills and Pedon 2 in the middle and Pedon 3 in the lower 

part of the hills, followed by prepare soil profiles to make morphological description 

according to soil survey staff (2021) and then determine boundaries of master horizons of 
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each profile. Soil samples were picked from each horizon with a weight of 1 kg and put in 

plastic bags for the second stage, which include laboratory analysis.  

3. Lab. Analysis: 

After bringing soil samples to the laboratory at the Faculty of Agriculture, University of 

Misan, the samples were air dried at room temperature, then ground with a wood hammer, 

sieved with a 2 mm sieve, and stored in a plastic container for analyses. Soil analyses include 

physical properties (soil texture, soil bulk density, particle density, and porosity) according to 

(Jacob H. Dane and G. Clarke Topp, 2002), chemical properties, soil reaction (PH), electrical 

conductivity Ec, cations, Anions, calcium carbonate, organic matter, and cation exchange 

capacity) according to (D. L. Sparks et al, 1996), and mineralogical composition (x-ray 

diffraction and scanning electron microscope SEM) according to (Ulery and Drees, 2008). 

Results and Discussion 

1. Soil Physical Properties: 

The results in Tables 2 and 3 show the physical and chemical properties of studied soil 

Pedon's respectively, where the results can give us a clear picture of the soil behavior 

according to the physical and chemical weathering. The results in Table 2 showed that the 

percentages of soil fractions ranged between (200-340), (380-420) and (280-380) gm.kg-1 for 

clay, silt, and sand respectively, hence, this variation of soil fractions suggests the high 

percentage of clay and silt fractions which maybe occur as a result of sequential 

sedimentation by the cycle of wetting and drying and the transferring of soil particles between 

the parts of the hill. On the second hand the values of bulk ranged between (1.3-1.7) gm.cm-3 

where a higher value was recorded in Pedon 2 subsurface horizon and a lower value recorded 

in Pedon 3 subsurface, this variation is highly correlated with the content of organic matter 

which effect of bulk density by making bridges between soil aggregates and improve the 

formation of good structure (Mills and Fey, n.d.; Saiz et al., 2012; Veras De Lima et al., 

2013), while the results of particle density ranged between (2.64-2.72) gm.cm-3 were the 

highest value recorded in Pedon 3 at the surface horizon and the lowest value recorded in the 

same Pedon at the subsurface horizon, the results indicate that particle density in surface 

horizons is lower than subsurface horizons and this is due to the mineral composition in 

surface horizons is mixed with organic matter as well as the high porosity percentage 

compared with subsurface horizon (Ruehlmann, 2020). On the other hand, the value of 

porosity ranged between (38-48) % where the highest value is shown in Pedon 3 surface 

horizon while the lowest is recorded in Pedon 2 surface horizon, this range was correlated 

with the presence of clay where the clay fraction cause increasing in total specific area and 

porosity, and the distribution of clay was decreasing from the high Pedon which is Pedon 1 

and increase in Pedon 3 in the bottom of the hill (Jackson, 2015). 

 

Table 2. Some physical properties of studied soil pedons. 

Pedon’s Horizon 

Soil fractions gm.kg-1 

Texture 

Bulk 

density 

gm.cm-3 

Particle 

density 

gm.cm-3 

Porosity

 % Sand Silt Clay 

Pedon 1 

 

surface 380 420 200 loam 1.4 2.65 47 

subsurface 340 390 270 Clay loam 1.6 2.70 41 

Pedon 2 
surface 320 400 280 Clay loam 1.5 2.66 38 

subsurface 300 400 300 Clay loam 1.7 2.72 44 

Pedon3 
surface 280 380 340 Clay loam 1.3 2.64 48 

subsurface 360 410 330 Clay loam 1.5 2.73 45 
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2. Soil Chemical Properties: 

In order to shed light on chemical processes in the soil and to connect it with chemical 

weathering, some chemical analysis was done, the results in table 3 showed that the values of 

pH ranged between (7.2-7.8) where the highest value recorded in Pedon 3 in the subsurface 

horizon and the lowest value recorded in pedon2 surface horizon, this variation in soil PH is 

due to the difference in calcium carbonate percentage, while electrical conductivity EC ranged 

between (1.1-1.9) DS.m-1, and from this value, we can conclude that Pedon 3 was the higher 

in salinity while Pedon 1 was the lower one, and in general surface horizons record highest 

salinity compared with subsurface horizons and that because the action of leaching process 

which transfers the salts by mass flow from upper to lower positions in the hill, and because 

high temperature degrees which cause rising of groundwater by the capillary process to the 

surface then water evaporates leaving the salts on the surface as the white crust (Lybrand et 

al., 2011a). 

Table 3. Some chemical properties of studied soil pedons. 

Samples horizon pH 
Ec 

Ds.m-1 

organic matter 

gm.kg-1 

CEC 

Cmol.kg-1 

CaCO3 

gm.kg-1 

Pedon1 
surface 7.4 1.2 15 20 320 

subsurface 7.7 1.1 12 23 347 

Pedon2 
surface 7.2 1.6 17 21 314 

subsurface 7.5 1.2 13 22 325 

Pedon3 
surface 7.4 1.9 22 25 319 

subsurface 7.8 1.7 15 24 337 

 

The percentage of organic matter was low in general and ranged between (12-22) 

gm.kg-1(Table 3), and it gradually increases from upper locations to the lower Pedon. On the 

other hand, the surface horizon recorded a high quantity of organic matter as compared with 

the subsurface horizons (Table 3), this is due to the concentrations of plant roots and 

bioactivity in the surface layer (Herrero et al., 2003). Cation exchange capacity (CEC) ranged 

between (20-25) Cmol.kg-1 was the highest value recorded in the Pedon 3 surface horizon 

while the lowest value was recorded in the pedon1 surface horizon, the variation in CEC 

values is highly correlated with the percent of clay and organic matter and its dependence on 

the type and quantity of clay minerals and organic matter content as add to the pH values 

(Adamu et al., 2021). The quantity of calcium carbonate as shown in Table 3 is ranged 

between (314-347) gm.kg-1 where the higher value is recorded in the pedon1 subsurface 

while the lowest value recorded in the Pedon 2 surface horizon, all pedons are characterized 

by a high percentage of calcium carbonate which also indicate that the parent material of 

studied pedons is rich in carbonate minerals furthermore it's transferring from its original lime 

rocks by water flow (Mayer1’ and Mayer, n.d.). 

The results in Table 4 showed that the concentration of cations ranged between (2.2-

3.2), (1.3-1.8), (0.6-0.8), and (0.05-0.06) mmol kg-1 for soluble calcium, magnesium, sodium, 

and potassium respectively, and these results indicate that there is a variation of soluble 

cations in the soil pedons and calcium was the dominant cations according to the results of 

calcium carbonate which consider the main source of calcium in soil solution and soluble salts 

also contribute in the other cations and anions. On the other hand, soluble anions ranged 

between (3.1-3.6), (1.1-1.5), and (0.6-0.9) mmol kg-1 for bicarbonate, chloride, and sulfate 

respectively while carbonate ion was Nil (Table 4), this variation in the soluble anions reflects 

the state of soluble salts as the main source of anions (Voigt et al., 2020). 
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Table 4. Soluble cations and anions in studied soil pedons. 

samples horizon Soluble cations mmol/kg Soluble anions mmol/kg 
Ca++ Mg++ Na+ K+ HCO3- CO3= Cl- SO4= 

Pedon1 surface 3.1 1.5 0.8 0.06 3.3 Nil 1.3 0.8 
subsurface 2.8 1.7 0.6 0.05 3.1 Nil 1.2 0.7 

Pedon2 surface 2.2 1.3 0.7 0.06 3.4 Nil 1.4 0.9 
subsurface 2.7 1.4 0.7 0.05 3.2 Nil 1.1 0.8 

Pedon3 surface 2.9 1.5 0.6 0.06 3.6 Nil 1.5 0.8 
subsurface 3.2 1.8 0.7 0.06 3.5 Nil 1.3 0.6 

 

3. Soil Mineralogical Properties: 

3.1. Mineral Composition of Coarse Fraction (Sand): 

The mineral composition of the soil is a key factor in the process of evaluation of 

chemical weathering focusing on the percentage of low and high-weathering-resistant 

minerals gives a good hint on the state of weathering and its products (Graly et al., 2022), the 

results in table 5 showed that the minerals in sand fraction ranged between (14-20) %, (5-8) 

%, (4-7) %, (8-12), (43-50), (7-9) % and (5-10) % for quartz, feldspar, chlorite, illite, calcite, 

dolomite, and gypsum respectively. From these results, we can see that calcite was the most 

dominant mineral followed by quartz, and the origin of these minerals is from the parent rocks 

also some minerals are secondary minerals that formed from the weathering of primary 

minerals and minerals' transformation during the weathering process. On the other hand, the 

results indicate that quartz was a higher percentage in the upper Pedon 1 and gradually 

decreased in the bottom Pedon  3 which is appropriate with the percent of sand, also the 

existence of secondary minerals such as calcite, gypsum, chlorite, and illite in different levels 

is evidence of the activity of weathering and transformation of minerals (Lybrand et al., 

2011b). 

Table 5. Mineral composition of sand fraction for studied soil pedons 
samples horizon quartz feldspars chlorite illite calcite dolomite gypsum 

Pedon1 surface 20 5 5 8 50 7 5 
subsurface 17 8 4 10 45 9 7 

Pedon2 surface 18 7 4 11 43 8 9 
subsurface 17 5 7 12 45 7 7 

Pedon3 surface 14 5 7 11 49 7 8 
subsurface 16 5 4 12 45 8 10 

 

3.2. Mineral Composition of Fine Fraction (Clay): 

One of the most important soil components is clay fraction which is considered the finer 

part of soil fractions with an average diameter of less than 0.002 mm, and because of this size 

it possesses a higher specific surface area and according to that clay exhibits as a most active 

fraction with or without organic matter (Walk et al., 2022). The results in Table 6 showed the 

percentage of clay minerals in studied soil pedons which display that montmorillonite (from 

the smectite group) is the dominant clay mineral that belongs to 2:1 clay minerals 

(phyllosilicates) which ranged between (38-45)%, followed by mica ranged (23-32) % 

followed by chlorite (15-18)% followed by kaolinite (1:1) ranged (9-12)% followed by less 

mineral content Mica-Smectite mixed layer which ranged (2-7)%, these results support the 

assumption of the activity of chemical weathering in this area where the stages of weathering 

include the transformation of mica minerals to montmorillonite passing in the middle stage of 

weathering which is the formation of interstratified mixed layer minerals (Kalinin et al., 2021; 

Rozanov et al., 2017; Yousefifard et al., 2015). On the other hand, the distribution of clay 

minerals in the depth showed that the surface horizons have less clay content compared with 

the subsurface (Table 6), this may be to the transferring of clay fine particles by the 
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movement of water downward during the process of leaching which occurs during raining 

seasons (Kalinin et al., 2021). 

Table 6. Mineral composition of clay fraction for studied soil pedons 
Samples horizon Montmorillonite Mica Chlorite Kaolinite Mica-Smectite mixed layer 

Pedon1 surface 40 23 15 10 7 
subsurface 45 24 19 11 6 

Pedon2 surface 38 31 15 9 3 
subsurface 42 32 15 12 3 

Pedon3 surface 38 25 17 9 5 
subsurface 41 27 18 12 2 

 

3.3. Diagnosis of Weathering Features by Using a Polarized Optical Microscope: 

The common minerals in the silt and sand are remains of the minerals in the original 

bedrock; hence, they are called primary minerals. The most dominant is the high resistance to 

weathering mineral quartz. Some minerals often associated, maybe in low amounts, are mica, 

feldspar, zircon, hematite, and limonite. If the soil is not strongly exposed to the leaching 

process, the sand and silt fractions may also contain pieces of dolomite and calcite (Favier et 

al., 2022) 

Figure 6 shows that there is a set of minerals with different stages of weathering where 

light brown angular flaky Biotite is appearing covered with many holes of different sizes on 

the surfaces beside irregular alignment at the edges which indicates the effect of weathering 

(Fig. 6a), also altered biotite with the dark color associated with garnet and opaque iron oxide 

with black color (Fig. 6b). Figure 6c shows light green epidote with signs of weathering and 

figure 6d displays angular colorless prismatic zircon also appears with minimum signs of 

weathering, alkali feldspar also appears in a type of microcline, and it was highly affected by 

weathering process through many cracking and splitting's spreading on its surface (Fig. 6e). 

Figure 7a shows an angular yellowish color staurolite mineral with clear angles and 

some holes on the surface as a result of weathering, also figure 7b shows altered brown flaky 

biotite with layer and edge weathering appearing beside fresh green chlorite which shows 

many holes on the surface with different sizes (Fig. 7c). Figure 7d shows rounded carbonate 

rock fragment which appears less effected by weathering, in image e prismatic very angular 

pyroxene also revealed with many weathering features such as holes and splitting and 

cracking in an elongated way (Fig. 7c). 
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Fig. 6. Mineral composition of Pedon 1 surface and Pedon 2 subsurface horizon. 
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Fig. 7. Mineral composition of Pedon 2 surface horizon. 
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Fig. 8. Mineral composition of Pedon 2 surface horizon. 

Figure 8 images showed muscovite as dioctahedral mica which appears with some 

effectiveness in weathering because muscovite is high resistance mineral beside mudstone 

rock fragments and alkali feldspar (orthoclase) with white color having some cracks by the 

effect of weathering, altered chlorite appears in yellow reddish color with weathered edges. 

Figure 9 shows opaque grains of iron oxides with black color and we can see the angular chert 

rock fragment coated by clay minerals (Fig. 9b), also high relief rounded colorless zircon 

which appears less effective as compared with zircon in Pedon 1 (Fig. 9c), secondary gypsum 

also appears as a cloud and in white color which may be formed in situ (Fig. 9d), this 

composition reflects the intensity of weathering which gave products in a mixed way. 

 

Fig. 9. Mineral composition of Pedon 3 surface horizon. 
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Figure (10) showed the mineral composition of Pedon 2 in the surface horizon where 

primary gypsum (yellowish color) appears which shows a difference with secondary gypsum 

that appears in Pedon 3 as a cloud with white color (Fig. 9d), also sub-rounded green color 

chlorite appears with some signs of weathering such as holes and broken edges, beside 

rounded altered deep green chlorite with spots of iron oxides which characterized by high 

pigmentation ability, this state also one from important features of weathering in this area, as 

add to the existence of altered light green amphibole which appears with irregularity on the 

surface fill of high and low zones and some holes with different sizes which occur as a result 

of weathering by reactions between water and these minerals in alkaline media which 

supported by some alkaline earth elements bearing minerals such as plagioclase feldspar. 

 

Fig. 10. Mineral composition of Pedon 2 surface horizon. 
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Conclusions 

In alkaline conditions, because of mineral carbonate minerals richness, which 

characterizes by the low amount of precipitation. The intensity, and type of silicate minerals 

weathering are restricted not only by the climate but by the chemical conditions of the 

environment. Many weathering features are diagnosed in Al-Band Hills although it’s located 

in semi-arid regions which supposed to be in low weathering intensity. This phenomenon 

could be explained by attributing these weathering features to the parent rocks source which 

transferred with river water and sediment in the area. Also, in an alkaline environment, many 

minerals can be a source of alkaline earth elements which cause rising in the pH of the soil 

solution and support the weathering intensity by increasing the ionic strength of the soil 

solution. 
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