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Abstract 

This study investigates the micromorphological and geochemical indicators of weathering in gypsum 

soils under arid and semi-arid conditions. Physical, chemical, geochemical, and microscopic results 

show that the soils in the studied sections develop under arid to semi-arid climatic conditions, with a 

clear predominance of secondary gypsum and calcium carbonate deposits. Chemical analyses 

revealed high gypsum content in several horizons, reaching a maximum of 847.84 g.kg
-1

, 

accompanied by high SO₃  and CaO values, confirming the gypsum nature of many sections, 

particularly in the P3, P5, P7. The main oxides also showed variation in SiO₂  (9.60–55.27%), 

reflecting the difference in parent material between the silicate sedimentary and calcareous-gypsum 

sections. Weathering Indicators (CIA, CIW, PIA) indicated a general decrease in chemical 

weathering intensity, with average values not exceeding 35–37 in most sections, suggesting limited 

feldspar decomposition and weak leaching. In contrast, WIP, ICV, and WR Indicators recorded 

relatively high values, reflecting the relative freshness of the parent material, the predominance of 

primary minerals, and a high content of soluble basics, consistent with a low-leaching depositional 

environment. Thin-section results supported these conclusions, revealing an abundance of gypsum 

crystals in lenticular, needle-like, and sugar-like forms, varying in size from fine to very coarse, and 

the presence of incompletely oriented crystals due to dissolution and redeposition processes. 

Dissolution porosity (Po) resulting from gypsum dissolution, calcareous nodules, and a complex 

microstructure combining a subangular block structure and a granular structure were also observed. 

The presence of albite twinning in plagioclase feldspar indicates an igneous origin of the parent 

material with a low to moderate degree of weathering. 

Keywords: Gypsum soils, chemical weathering indicators, micromorphology, major oxides, arid and 

semi-arid climate. 

Introduction 

Micromorphology is the microscopic study 

of oriented and undisturbed soil samples to 

determine the composition and spatial 

relationships of these components, with the 

aim of inferring genetic and temporal 

correlations [1]. [2]noted that the study of 

micromorphological properties of soils at 

the microscopic level is a modern field 

within soil science, useful for evaluating 

soil minerals, origin, formation processes, 

and geomorphological shaping. [3] 

demonstrated the use of microscopic soil 

morphology studies to analyze soil origin 

and evolution. Micromorphological studies 

indicate the presence of a calcite horizon  

and various accumulations, such as calcite 

needles and calcite nodules, in the Bk 

horizons [4]. Vughy, channel, and massive 

microstructures were found, with the b-

fabric structure being predominantly 

crystalline, in the saline-sodic soils west of 

Lake Urmia [5]. Clay and salt cutans were 

also found in the studied soils. Calcium 

carbonate and salts were found as pore 

fillers, in addition to their crystallization 
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within the soil. [6] studied the 

micromorphological properties of soils 

along the climotopo sequence in Kerman 

Province, central Iran, and confirmed that 

gypsum dissolution led to high gypsum 

accumulation within the pores of aridisols. 

[7]investigated the micromorphology of 

saline-gypsum soils in the Kheirabad and 

Sirjan regions, observing the presence of 

euhedral gypsum crystals and calcareous 

coverings in the gypsic and calcic horizons 

of the sabkha geomorphological site. The 

results of a micromorphological study of 

clay and calcareous horizons in soils of 

northern Iraq, conducted by [8], showed 

the presence of discontinuous clay bands 

interspersed with iron oxides around or 

within the pores of soil particles in Erbil 

Province. The results of the morphological 

field description also confirmed this. 

Microscopic studies of some soil profiles 

in Baiji, central Iraq, along with laboratory 

analysis results, revealed the presence of 

gypsan and calcitan coverings, confirming 

the soil's exposure to original depositional 

sources originating from the Makhoul 

Mountains, which influenced the soil 

formation in the study area [9]. Similarly, 

the results of micromorphological 

characterization of salt-affected soils in the 

Al-Najmi Agricultural Project in Al-

Muthanna Governorate, southern Iraq, 

confirmed various features related to 

microstructure and porosity, as well as 

coverings such as saline (silwan) and 

calcitan coverings. Calcitan coverings 

were found in all samples due to the soil 

formation characteristics of arid and semi-

arid regions[10]. [11] studied the 

micromorphological characterization of 

salt-affected soils in the Middle 

Mesopotamian Plain and confirmed the 

presence of calcitan coverings. Salwans are 

the salt layers studied in thin- section 

studies. Numerous studies have 

investigated the impact of soil salinity on 

soil properties and plant growth [12]. 

Researchers have also characterized the 

salic, calcic, and gypsic horizons in soils of 

arid and semi-arid regions [13]. [14] 

demonstrated that studying the 

micromorphological structures of gypsum-

containing soils contributes to 

understanding soil inheritance and 

evolution. They showed that soils 

containing lenticular gypsum crystals 

indicate a well-developed soil, while soils 

containing prismatic, platy, and columnar 

gypsum crystals indicate an 

underdeveloped soil. Similarly, [15] 

concluded during Their study of the 

micromorphological evidence of the 

development of calcareous soils in arid and 

semi-arid regions to the emergence of the 

argillic clay horizon, which is strongly 

related to free iron oxides, color index, 

transported clay index, and 

smectite/chloride + illite ratio. Total oxides 

represent the chemical analyses of oxides 

resulting from rock weathering. Total 

oxides are mobile and redistributed during 

weathering due to the decomposition of 

minerals [16] [17] [18] [19]. The 

redistribution and mobility of tellurium 

oxides in the secondary environment is a 

common method for determining the 

degree of weathering and the behavior of 

oxides during weathering (Beyala et al., 

2009). Mobile total oxides with more 

diverse geochemical compositions (such as 

MgO, Na₂ O, K₂ O, and CaO) typically 

decrease with increasing weathering as 

they are released from host minerals and 

leached from the parent rock. Al₂ O₃ , 

SiO₂ , MnO, P₂ O₅ , TiO₂  and FeO are 

among the less common mobile and 

immobile oxides [20] [21]. [22] in their 

study of chemical weathering rates and 

mineralogical geochemical properties of 

soils, indicated that the use of chemical 

weathering Indicators is important for 

understanding soil evolution 

characteristics. These Indicators include 

CIA, CIW, Base/R2O3, WIP, and PIA. 

The results clearly showed that 

topographic conditions significantly 

influence the physical, chemical, 

mineralogical, and morphological 
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properties of soils, both directly and 

indirectly, in the region. The Chemical 

Change Index (CIA) is used as a prime 

example in India for assessing soil 

composition [23]. Triple ACN-K and A-

CNK-FM schemes were developed to 

determine the degree of soil weathering in 

the Mahi catchment, Gujarat, and 

documented the dominance of smectite 

minerals in semi-arid, water-scarce areas 

(Sharma et al., 2013). Various geochemical 

Indicators are used to assess the weak to 

moderate weathering of ancient soil 

deposits in the Karua Basin of the Kashmir 

Valley (Chandra et al., 2016). 

This study aims to evaluate soil weathering 

processes in gypsiferous soils under arid 

and semi-arid conditions in Al-Shirqat 

District, Iraq, by analyzing major oxides 

and calculating chemical weathering 

indices. The study also seeks to assess the 

vertical variation of these properties within 

soil pedons and to understand their 

relationship with soil development and 

pedogenic processes.

Material and Methods 

2.1 Study Area 

Seven representative Pedons (P1, P2, P3, P4, 

P5, P6, P7). were selected from different 

locations in Al-Shirqat District, Salah ad-

Din Governorate, central Iraq, to study the 

micromorphological and geochemical 

properties of gypsum soils under arid and 

semi-arid climatic conditions Figure 1. The 

study area lies within an arid to semi-arid 

climatic zone characterized by low annual 

rainfall and high evapotranspiration rates, 

creating favorable conditions for the 

accumulation of salts and gypsum in the 

soil profile. 

Most of the soils in the study area belong 

to the Aridisols order according to the 

American Soil Taxonomy. These soils are 

formed in arid environments characterized 

by weak leaching processes and the 

accumulation of salts, sulfates, and 

carbonates in the subsurface horizons. The 

seven Pedons were chosen to represent the 

variation in geomorphological locations, 

parent material, and degree of pedogenic 

development within Al-Shirqat District, 

where gypsum-rich sedimentary deposits 

are widespread. The studied Pedons were 

assigned the codes (P1, P2, P3, P4, P5, P6, 

P7). Each Pedon was morphologically 

described in the field according to the 

approved soil description manual, with 

genetic horizons identified and 

representative samples taken from each 

horizon for physicochemical and 

mineralogical analyses (XRD, XRF). 

Micromorphological characteristics were 

also studied through thin-section 

preparation and microscopic examination. 

The geographic coordinates of each pedon 

were recorded using GPS, and their 

locations are shown in Table 1. 

2.2 Climate 

Al-Shirqat District, Salah Al-Din 

Governorate, is characterized by an arid to 

semi-arid continental climate. The mean 

annual temperature ranges from 19–23 °C, 

with hot summers (often exceeding 40 °C) 

and cool winters. The average annual 

rainfall is approximately 250–350 mm, 

concentrated mainly between November 

and March, while summers are almost 

completely dry. These climatic conditions 

promote limited leaching and favor the 

accumulation of gypsum and soluble salts 

within the soil profile. 

2.3 Field work 

Soil Pedons were dug at the selected sites 

mentioned above. Then, disturbed and 

undisturbed soil samples were taken from 

the existing horizons, and morphology was 

described according to the method 

described by the studies [24], [25]. The 

samples were then transported to the 

laboratory for the necessary analyses. 
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2.4 Physical and chemical properties 

Soil samples were collected from the field 

and transported to the laboratory for 

analysis. Disturbed samples were air-dried, 

gently crushed, and sieved through a 2-mm 

mesh. Physical and chemical analyses were 

conducted following standard procedures. 

Particle size distribution was determined 

using the hydrometer method [26]. Soil pH

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Map showing study locations

. 

Table 1. The coordinates of the study areas 

Location Latitude (DMS) Longitude (DMS) 

P1 35° 26′ 28.24″ N 43° 15′ 59.64″ E 

P2 35° 25′ 32.89″ N 43° 14′ 24.55″ E 

P3 35° 25′ 14.09″ N 43° 13′ 48.92″ E 

P4 35° 26′ 16.69″ N 43° 14′ 37.00″ E 

P5 35° 22′ 18.53″ N 43° 14′ 19.34″ E 

P6 35° 25′ 59.33″ N 43° 12′ 26.79″ E 

P7 35° 26′ 30.92″ N 43° 14′ 20.11″ E 

and electrical conductivity (EC) were 

measured in a 1:2.5 soil–water suspension 

[27]. Organic matter was determined using 

the Walkley–Black wet oxidation method 

[28]. Calcium carbonate was determined 

by titration [29], and gypsum content was 

estimated using the acetone precipitation 

method [27]. Thin Section Preparation, 

The micromorphological properties were 

studied using the thin section method. 

Undisturbed soil samples were selected in 

the same orientations across horizons, 

following the method of [30] and [31]. 
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Araldite gum and hardener were used in 

ratios ranging from 1:3 to 1:4. 

2.5 XRF analysis  

Elemental analysis of the oxides in the 

study samples was performed using X-ray 

fluorescence spectroscopy (XRF). The 

analysis focused on Fe₂ O₃ , SiO₂ , 

Na₂ O, K₂ O, CaO, MgO, MnO, and 

TiO₂  in the sand particles Table 2. A 

separate portion of the soil samples was 

then collected, and 4 grams of this ground 

sample were mixed with wax to prepare 

compressed granules in the form of discs. 

These discs were subsequently placed in a 

Spectro XLAB 2000 X-ray fluorescence 

spectrometer for analysis. The analysis was 

performed in the laboratory of Soran 

University/Erbil. 

2.6 Thin section  

preparation Thin sections, 30 microns 

thick, were prepared from undisturbed soil 

samples to study pedogenic features using 

a transmitted polarized light microscope 

(German Leitz model) with 40x 

magnification. Pedogenic phenomena, 

such as coatings, crystals, and aggregates, 

were examined following the methods 

outlined by studies [32] [33]. 

Table 2. Weathering Indicators used in the analysis 

Weathering 

evidence 
Definition The equation Source 

(CIA) 
Chemical Index 

of Alteration  
Al2O3/(Al2O3+CaO+K2O+Na2O) ×100 [34] 

(CIW) 
Chemical Index 

of Weathering  
Al2O3/(Al2O3+CaO+Na2O) ×100 [35] 

(WIP) 
Weathering Index 

of Parker  

(2K2O/0.25) + (2Na2O/0.35) + (CaO*/0.7) 

+(MgO/0.9) ×100 
[36] 

(VR) Vogt’s Ratio  (Al2O3+K2O) /(MgO+CaO+Na2O) [37] 

(PWI) 
Product of 

Weathering Index  
[SiO2/ (TiO2+Fe2O3+SiO2+Al2O3)] × 100 [38] 

(PIA) 
Plagioclase Index 

of Alteration  

(Al2O3-K2O)/ (Al2O3+CaO*+ Na2O-K2O) × 

100 
[39] 

(ICV) 

Index of 

compositional 

variability  

[(Fe2O3+K2O+Na2O+CaO+MgO+MnO+ 

TiO2)] / (Al2O3) 
[40] 

WR Weathering Ratio  (Na2O +CaO +MgO)/( TiO2)  [41] 

WI Weathering Index  (SiO2+ CaO) / (Fe2O3+Al2O3+ TiO2)  [42] 

RESULT AND DISCUSSION 

3.1 Soil physical and Chemical 

properties  

It was observed that some horizons 

classified as clay-textured (C) in the 

studied sections, particularly in P5 and P6, 

contained very high clay content, reaching 

up to 430g.kg⁻ ¹, reflecting a clear 

development in the subsurface horizon due 

to clay depositional processes Table3 . The 

results also showed significant variation in 

the proportions of sand, silt, and clay 

among the different Pedons, with sand 

ranging from 190 - 642.5 g.kg⁻ ¹, silt from 

177.5 - 640 g.kg⁻ ¹, and clay from 60 - 430 

g.kg⁻ ¹. This indicates that soil properties 

vary depending on the parent material and 

pedogenic  conditions across the sites. It 

was also shown that there is a clear effect 

of depth in some Pedons, where the soil 

texture changes from loamy or silty loamy 

textures in the surface horizons to finer 

textures (clayey or silty clayey) in the 

subsurface horizons, as in P5 and P6, which 

reflects the redistribution of fine particles 

within the section. 

The results showed that the soil pH 

ranged from 6.70 - 8.31, indicating that the 
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studied soils range from neutral to slightly 

alkaline, a common characteristic of soils 

in arid and semi-arid regions. Electrical 

conductivity (EC) ranged from 1.64 - 

24.50 dS.m⁻ ¹, indicating a clear variation 

in salinity between horizons, with some 

samples recording high values reflecting 

salt accumulation conditions. Organic 

matter content ranged from 1.38 - 41.40 

g.kg⁻ ¹, with a relative decrease observed 

in most subsurface horizons compared to 

the surface. The results also showed a 

significant increase in gypsum content, 

ranging from 0.72-847.84g.kg⁻ ¹, 

indicating the predominance of gypsum 

soils in several of the ponds. The calcium 

carbonate content ranged from 85 - 390 

g.kg⁻ ¹, indicating the predominant 

calcareous nature of these soils. Overall, 

these results reflect the influence of arid 

climate in promoting the accumulation of 

salts, gypsum, and lime within the silt 

beds, with clear spatial and depth 

variations among the studied beds.

Table 3. Soil Physical and Chemical Properties 

Pedo

n 

Horiz

on 
Depth  Sand Silt Clay 

Textu

re 
pH EC  OM Gypsum  CaCO3 

  cm 
g.kg

-

1
 

g.kg
-

1
 

g.kg
-

1
 

  
dSm⁻
¹ 

g.kg
-

1
 

g.kg
-1

 g.kg
-1

 

P1 

A 0-30 555 215 230 SCL 
8.

31 
2.81 

41.4

0 
3.57 200 

By1 30-60 555 365 80 SL 
6.

88 
4.19 2.76 197.98 290 

By2 60-99 
287.

5 

627.

5 
85 SiL 

7.

83 
4.01 4.14 244.87 290 

Ck 99-111+ 605 
202.

5 

192.

5 
SL 

7.

65 
5.10 2.76 7.15 315 

P2 

A 0-21 300 365 335 CL 
8.

15 
1.87 

12.4

2 
0.72 290 

Bk 21-48 
627.

5 

217.

5 
155 SL 

7.

96 
3.15 9.66 24.06 315 

Cky1 48-110 275 640 85 SiL 
6.

74 
2.74 1.38 423.42 225 

Cky2 110-143+ 475 440 85 L 
7.

15 
2.95 2.76 327.19 175 

P3 

A 0-30 
642.

5 

177.

5 
180 SL 

7.

63 
1.64 8.28 5.74 300 

Btk 30-50 315 430 255 L 
7.

48 
2.87 4.14 8.66 390 

Cy1 50-118 450 490 60 SL 
7.

50 
3.25 4.14 789.62 135 

Cy2 118-160+ 
537.

5 

377.

5 
85 SL 

7.

44 
2.92 2.76 592.57 125 

P4 

A 0-7 525 390 85 SL 
7.

80 
2.79 6.90 749.00 150 

Cy1 7-29 475 440 85 L 
7.

61 
2.44 4.14 668.41 140 

Cy2 29-60+ 
387.

5 
515 97.5 SiL 

7.

51 
4.76 2.76 847.84 85 

P5 A 0-13 240 505 255 SiL 
7.

86 
3.08 

20.7

0 
1.42 245 
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3.2 Weathering Indicators analysis 

The data presented in Table 4 indicate 

substantial variability in the major oxide 

composition among the studied pedons and 

their genetic horizons, reflecting 

differences in parent material, pedogenic 

processes, and secondary accumulation 

under arid to semi-arid environmental 

conditions. Silicon dioxide SiO₂  was the 

dominant oxide in most surface and 

subsurface horizons, reaching its highest 

value of 49.41% in P5 horizon A, followed 

closely by 48.22% in P1 horizon A, 

whereas the lowest value 9.60% occurred 

in P4 horizon Cy1. The higher SiO₂  

contents in upper horizons suggest the 

relative abundance of quartz and other 

resistant silicate minerals, while the lower 

values in some subsurface horizons may be 

attributed to dilution by gypsum and 

carbonate accumulations. 

Calcium oxide CaO showed marked 

variation, ranging from 17.21% in P5 

horizon A to 39.90% in P4 horizon A, 

indicating strong calcareous influence and 

widespread carbonate enrichment in 

several pedons. Elevated CaO 

concentrations are typical of soils formed 

in dry regions where carbonate dissolution 

is limited and upward movement of 

calcium-bearing solutions promotes 

secondary calcification. Sulfur trioxide 

SO₃  exhibited the greatest variability, 

with a minimum value of 0.787% in P6 

horizon Btk and a maximum of 43.15% in 

P4 horizon Cy1, confirming intense gypsum 

accumulation in selected horizons, 

especially within Cy and Cky horizons. This 

pattern reflects evaporative concentration 

and translocation of sulfate minerals in 

moisture-deficient settings. 

Aluminum oxide Al₂ O₃  values ranged 

from 3.24% in P4 horizon A to 14.15% in 

P5 horizon Bt, while iron oxide Fe₂ O₃  

ranged between 1.16% in P4 horizon Cy1 

and 7.40% in P1 horizon A. Higher 

Al₂ O₃  and Fe₂ O₃  values in Bt and B 

horizons may indicate finer-textured 

materials, clay illuviation, and relative 

concentration of sesquioxides following 

Bt 13-47 215 370 415 C 
8.

11 
3.22 

12.4

2 
9.99 270 

Cky1 47-68 325 590 85 SiL 
7.

43 
2.79 9.66 333.95 275 

Cky2 68-92 425 
502.

5 
72.5 SiL 

6.

99 
3.24 2.76 526.57 275 

Cky3 92-115+ 
312.

5 

627.

5 
60 SiL 

6.

70 
2.56 2.76 632.86 180 

P6 

A 0-20 
277.

5 
530 

192.

5 
SiL 

7.

63 
2.87 

13.8

0 
17.05 210 

Btk 20-63 190 380 430 C 
6.

99 
3.31 9.66 2.84 345 

Cky1 63-107 400 515 85 SiL 
6.

97 
3.50 6.90 453.68 190 

Cky2 107-150+ 400 540 60 SiL 
7.

33 
3.48 4.14 535.68 225 

P7 

A 0-23 265 580 155 SiL 
7.

04 
16.98 9.66 23.65 255 

Ck 23-37 415 455 130 L 
7.

43 
9.72 6.90 49.67 260 

Ckyz1 37-64 365 505 130 SiL 
6.

92 
24.50 9.66 167.28 255 

Ckyz2 64-111+ 
412.

5 
490 97.5 L 

7.

00 
13.46 6.90 257.71 265 
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weathering losses of more mobile 

constituents. Magnesium oxide MgO 

ranged from 1.89% - 9.05%, suggesting 

contributions from dolomitic or 

ferromagnesian minerals and partial 

association with carbonate phases. 

Table 4. Percentage of major element oxides the studied Pedons using the XRF device 

Pedo

ns 

Horiz

on 

Dep

th 

SiO2

% 

CaO

% 

SO3

% 

Al2O

3% 

MgO

% 

Fe2O

3% 

K2O

% 

Na2

O% 

TiO2

% 

MnO

% 

P1 

A 
0-

30 

48.2

2 

17.8

0 

1.16

7 
13.42 7.71 7.40 1.99 1.36 0.78 0.16 

By1 
30-

60 

39.5

3 

22.8

9 

8.11

7 
11.30 7.10 6.99 1.76 1.56 0.64 

0.12

4 

By2 
60-

99 

37.7

2 

24.5

0 

9.62

1 
11.07 6.92 5.75 1.64 1.70 0.98 

0.10

8 

Ck 

99-

111

+ 

- - - - - - - - - - 

Avera

ge 
 

41.8

2 

21.7

3 
6.30 11.93 7.24 6.71 1.80 1.54 0.80 0.13 

P2 

A 
0-

21 

47.1

6 

17.8

0 

1.04

7 
13.85 9.01 7.07 2.08 1.24 0.64 

0.09

3 

Bk 
21-

48 

45.0

1 

19.7

8 

6.11

8 
12.28 7.54 6.35 1.71 0.44 0.69 

0.08

4 

Cky1 
48-

110 

27.7

6 

26.0

0 

25.3

2 
8.44 6.75 3.83 1.10 0.41 0.33 0.05 

Cky2 

110

-

143

+ 

- - - - - - - - - - 

Avera

ge 
 

39.9

8 

21.1

9 

10.8

3 
11.52 7.77 5.75 1.63 0.69 0.55 0.08 

P3 

A 
0-

30 

47.5

8 

22.3

7 
1.05 12.94 6.05 6.34 1.70 1.25 0.68 0.05 

Btk 
30-

50 

22.1

3 

33.8

3 

30.0

1 
6.63 3.60 3.02 0.46 0.21 0.13 0.00 

Cy1 
50-

118 

15.5

8 

32.7

3 

39.3

1 
5.19 3.61 2.54 0.53 0.21 0.23 

0.05

3 

Cy2 

118

-

160

+ 

- - - - - - - - - - 

Avera

ge 
 

28.4

3 

29.6

4 

23.4

6 
8.25 4.42 3.97 0.90 0.56 0.35 0.03 

P4 

A 0-7 
12.0

5 

39.9

0 

39.5

8 
3.24 1.89 2.44 0.40 0.09 0.35 0.05 

Cy1 
7-

29 
9.60 

39.3

2 

43.1

5 
3.28 2.32 1.16 0.37 0.69 0.10 

0.02

2 

Cy2 
29-

60+ 

18.8

2 

35.0

8 

32.1

3 
5.54 3.62 2.42 0.90 1.22 0.28 0.00 

Avera

ge 
 

13.4

9 

38.1

0 

38.2

9 
4.02 2.61 2.01 0.56 0.66 0.24 0.02 
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P5 

A 
0-

13 

49.4

1 

17.2

1 

1.27

5 
13.69 7.01 6.98 2.10 1.28 0.88 

0.16

8 

Bt 
13-

47 

46.6

1 

20.1

4 

0.90

9 
14.15 7.21 6.78 2.15 1.21 0.70 

0.14

7 

Cky1 
47-

68 

39.4

4 

20.5

1 

10.1

9 
11.99 8.39 6.52 1.27 0.94 0.60 

0.13

9 

Cky2 
68-

92 
- - - - - - - - - - 

Cky3 

92-

115

+ 

32.6

0 

22.0

7 

19.2

9 
9.86 9.05 4.33 1.24 1.02 0.49 

0.05

3 

Avera

ge 
 

42.0

2 

19.9

8 
7.91 12.42 7.92 6.15 1.69 1.11 0.67 0.13 

P6 

A 
0-

20 

46.8

2 

18.5

1 

5.68

1 
12.94 6.54 5.89 1.77 1.17 0.61 

0.07

9 

Btk 
20-

63 

43.6

6 

25.8

7 

0.78

7 
13.13 6.75 6.19 1.70 1.19 0.66 

0.05

8 

Cky1 
63-

107 

23.4

5 

30.4

9 

28.4

8 
7.30 4.40 3.47 0.93 1.04 0.37 

0.06

9 

Cky2 

107

-

150

+ 

- - - - - - - - - - 

Avera

ge 
 

37.9

8 

24.9

6 

11.6

5 
11.12 5.90 5.18 1.47 1.13 0.55 0.07 

P7 

A 
0-

23 

42.8

3 

19.5

7 

7.62

5 
11.50 6.65 7.30 1.81 2.65 0.06 0.00 

Ck 
23-

37 

42.0

0 

20.7

0 

5.20

2 
12.21 7.89 6.23 2.23 2.84 0.60 

0.08

1 

Ckyz1 
37-

64 
- - - - - - - - - - 

Ckyz2 

64-

111

+ 

32.2

2 

23.5

5 

18.3

6 
8.90 6.35 5.44 1.56 2.94 0.58 

0.09

1 

Avera

ge 
 

39.0

2 

21.2

7 

10.4

0 
10.87 6.97 6.32 1.87 2.81 0.42 0.06 

Potassium oxide K₂ O and sodium oxide 

Na₂ O generally occurred in lower 

concentrations, where K₂ O varied from 

0.37% - 2.23%, and Na₂ O from 0.09% to 

2.94%. Their distribution likely reflects 

differences in feldspar abundance, clay 

mineral weathering, and localized salinity 

effects. Titanium oxide TiO₂ , commonly 

regarded as a relatively immobile oxide, 

ranged from 0.06% in P7 horizon A to 

0.98% in P1 horizon By2. The very low 

TiO₂  content in some horizons 

contributed to exceptionally high 

weathering ratio values, particularly in P7, 

where the Ck horizon recorded a value of 

458.77, due to the extremely low 

concentration of resistant titanium-bearing 

minerals. 

Overall, the geochemical composition of 

these pedons reveals the combined effects 

of lithological discontinuity, carbonate and 

gypsum accumulation, clay translocation, 

and differential weathering intensity. The 

enrichment of CaO and SO₃  in subsurface 

horizons, coupled with declining SiO₂  in 

some profiles, supports the predominance 
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of calcification and gypsification as major 

pedogenic pathways in the study area. 

The results presented in Table 5 

demonstrate clear variability in the 

weathering Indicators among the studied 

pedons and their diagnostic horizons, 

reflecting differences in parent material 

composition, pedogenic evolution, and the 

influence of carbonate and gypsum 

accumulations under arid to semi-arid 

environmental conditions. 

The Chemical Index of Alteration CIA 

values ranged from 7.43% in the surface 

horizon of P4 to 39.93% in the surface 

horizon of P5, with mean values varying 

between 9.30% in P4 and 35.23% in P5. 

Similarly, the Chemical Index of 

Weathering CIW ranged from 7.50% in P4 

to 42.54% in P5, with mean values between 

9.44% and 37.05%, respectively. These 

generally low values indicate weak 

hydrolytic weathering and limited removal 

of mobile base cations (Ca, Na, K), 

suggesting that feldspar alteration was 

minor in most pedons. The relatively 

higher values in P5 and P1 indicate slightly 

more advanced chemical alteration, 

possibly associated with better drainage 

conditions or longer pedogenic stability. 

The Plagioclase Index of Alteration PIA 

values followed a similar trend, ranging 

from 6.62% in P4 to 38.53% in P5, with 

average values between 8.25% and 

33.76%. This confirms that plagioclase 

weathering was generally weak throughout 

the study area, particularly in P4 where 

high carbonate and gypsum contents 

suppressed silicate alteration processes. 

The higher PIA values in P5 may indicate 

comparatively greater decomposition of 

plagioclase minerals and partial clay 

neoformation. 

In contrast, the Parker Weathering Index 

WIP showed relatively high values in all 

pedons, ranging from 5281.72 - 7246.72, 

with average values between 5592.96 in P2 

and 6913.37 in P7. Such high WIP values 

indicate that substantial amounts of mobile 

alkali and alkaline earth elements are still 

retained within the soil matrix, reflecting 

weak leaching intensity and relatively 

fresh parent materials. The exceptionally 

high values in P7, particularly in the Ck 

horizon7246.72, suggest strong enrichment 

of exchangeable and carbonate-associated 

bases. 

The Vogt Ratio VR ranged from 0.09 in P4 

to 0.62 in P5, with mean values between 

0.11 and 0.49. Low VR values indicate the 

predominance of aluminum-poor, base-rich 

materials, especially in calcareous and 

gypsiferous pedons such as P4. Conversely, 

the higher values in P5 suggest a relatively 

greater proportion of aluminosilicate 

minerals and moderate silicate weathering 

compared with other pedons. 

The Product Index PWI values were 

relatively consistent, ranging from 66.16 - 

70.66%, indicating only modest 

differences in mineralogical maturity 

among pedons. Slightly lower values in 

some gypsiferous horizons may reflect 

dilution by secondary evaporite minerals 

rather than advanced weathering. 

The Index of Compositional Variability 

ICV displayed marked differences, ranging 

from 2.60 in P5 horizon A to 13.92 in P4 

horizon A. Mean values varied from 3.10 

in P5 to 11.73 in P4. High ICV values, 

especially in P4 and some horizons of P3, 

indicate the dominance of unstable primary 

minerals and limited transformation into 

secondary clay minerals, reflecting 

immature soil development and weak 

pedogenesis. In contrast, lower ICV values 

in P5 suggest comparatively greater 

mineral alteration and clay enrichment. 

The Weathering Index WI values ranged 

from 3.01 in P2 horizon A to 10.79 in P4 

horizon Cy1. Higher WI values in P4 and P3 

horizons indicate the strong influence of 

gypsum and carbonate accumulation, 

which modified the geochemical balance 

of resistant and mobile oxides. Lower WI 

values in P1, P5, P7 indicate comparatively 

less geochemical disturbance. 

The Weathering Ratio WR showed the 

widest variability, ranging from 28.91 in P5 
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horizon A to 458.77 in P7 horizon A, with 

mean values between 39.36 in P1 and 

229.41 in P4. Exceptionally high WR 

values were also observed in P4 horizon 

Cy1 426.07 and P3 horizon Btk 293.15. 

These elevated values are mainly attributed 

to the very low concentrations of TiO₂ , a 

resistant oxide commonly used in 

denominator-based weathering ratios. In P7 

horizon A, TiO₂  reached only 0.06%, 

causing a sharp increase in WR. Likewise, 

low TiO₂  contents in gypsiferous horizons 

of P4 contributed to the high WR values 

there. This demonstrates that WR is highly 

sensitive to resistant element depletion or 

dilution by carbonate and sulfate minerals. 

Overall, the collective behavior of all 

Indicators confirms that the studied soils 

are characterized by weak chemical 

weathering, dominance of physical 

weathering, limited silicate mineral 

transformation, and immature pedogenic 

development. The accumulation of 

carbonates and gypsum significantly 

lowered CIA, CIW, and PIA values while 

increasing WIP, WI, and WR values. 

These trends are fully consistent with soils 

developed under arid to semi-arid climatic 

conditions, where low rainfall, restricted 

leaching, and strong evaporation promote 

calcification and gypsification rather than 

intensive chemical weathering. 

Table.5 Weathering index values for the study area 

Pedon

s 

Horizo

n 

Dept

h 

CIA CIW WIP VR PWI PIA ICV WI WR 

P1 

A 0-30 
38.8

3 

41.1

9 

5763.7

9 

0.5

7 

69.0

7 

37.3

8 

2.77 3.06 34.61 

By1 
30-

60 

30.1

2 

31.6

0 

6356.5

9 

0.4

1 

67.6

3 

28.0

6 

3.63 3.30 49.66 

By2 
60-

99 

28.4

5 

29.7

0 

6550.9

9 

0.3

8 

67.9

4 

26.4

6 

3.76 3.50 33.81 

Ck 
99-

111+ 

                  

Averag

e 
 

32.4

7 

34.1

7 

6223.7

9 

0.4

6 

68.2

1 

30.6

3 

3.39 3.28 39.36 

P2 

A 0-21 
39.6

0 

42.1

1 

5918.1

0 

0.5

7 

68.6

2 

38.1

9 

2.74 3.01 43.63 

Bk 
21-

48 

35.9

1 

37.8

0 

5281.7

2 

0.5

0 

69.9

7 

34.3

4 

2.98 3.35 40.34 

Cky1 
48-

110 

23.4

9 

24.2

3 

5579.0

7 

0.2

9 

68.7

6 

21.7

5 

4.56 4.26 99.56 

Cky2 
110-

143+ 

                  

Averag

e 
 

33.0

0 

34.7

1 

5592.9

6 

0.4

5 

69.1

2 

31.4

3 

3.43 3.54 61.18 

P3 

A 0-30 
33.8

3 

35.4

0 

5938.9

0 

0.4

9 

70.4

5 

32.2

5 

2.97 3.51 43.86 

Btk 
30-

50 

16.1

1 

16.2

9 

5717.2

8 

0.1

9 

69.3

7 

15.3

5 

6.22 5.73 293.1

5 

Cy1 
50-

118 

13.4

3 

13.6

2 

5623.5

2 

0.1

6 

66.1

6 

12.3

9 

7.69 6.06 156.0

8 

Cy2 
118-

160+ 

                  

Averag

e 
 

21.1

2 

21.7

7 

5759.9

0 

0.2

8 

68.6

6 

20.0

0 

5.63 5.10 164.3

6 
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P4 

A 0-7 
7.43 7.50 6282.8

2 

0.0

9 

66.6

4 

6.62 13.9

2 

8.61 120.1

3 

Cy1 7-29 
7.51 7.57 6561.8

8 

0.0

9 

67.9

2 

6.78 13.4

1 

10.7

9 

426.0

7 

Cy2 
29-

60+ 

12.9

6 

13.2

4 

6829.2

6 

0.1

6 

69.5

4 

11.3

4 

7.86 6.54 142.0

4 

Averag

e 
 

9.30 9.44 6557.9

9 

0.1

1 

68.0

3 

8.25 11.7

3 

8.65 229.4

1 

P5 

A 0-13 
39.9

3 

42.5

4 

5648.9

9 

0.6

2 

69.6

4 

38.5

3 

2.60 3.09 28.91 

Bt 
13-

47 

37.6

0 

39.8

7 

6087.6

5 

0.5

7 

68.3

1 

35.9

9 

2.71 3.09 40.89 

Cky1 
47-

68 

34.5

5 

35.8

6 

5418.1

4 

0.4

4 

67.3

6 

33.3

3 

3.20 3.14 49.91 

Cky2 
68-

92 

                  

Cky3 
92-

115+ 

28.8

4 

29.9

3 

5732.3

4 

0.3

5 

68.9

6 

27.1

8 

3.88 3.72 65.70 

Averag

e 
 

35.2

3 

37.0

5 

5721.7

8 

0.4

9 

68.5

6 

33.7

6 

3.10 3.26 46.35 

P6 

A 0-20 
37.6

3 

39.6

7 

5451.4

1 

0.5

6 

70.6

6 

36.2

1 

2.67 3.36 42.77 

Btk 
20-

63 

31.3

5 

32.6

8 

6485.8

0 

0.4

4 

68.6

0 

29.7

0 

3.23 3.48 51.10 

Cky1 
63-

107 

18.3

6 

18.8

0 

6183.3

1 

0.2

3 

67.7

9 

16.8

1 

5.59 4.84 96.73 

Cky2 
107-

150+ 

                  

Averag

e 
 

29.1

1 

30.3

8 

6040.1

7 

0.4

1 

69.0

2 

27.5

7 

3.83 3.89 63.53 

P7 

A 0-23 
32.3

7 

34.1

1 

6499.0

4 

0.4

6 

69.4

3 

30.3

6 

3.31 3.31 458.7

7 

Ck 
23-

37 

32.1

4 

34.1

5 

7246.7

2 

0.4

6 

68.8

0 

29.7

6 

3.32 3.29 51.99 

Ckyz1 
37-

64 

                 

Ckyz2 
64-

111+ 

24.1

0 

25.1

6 

6994.3

5 

0.3

2 

68.3

3 

21.7

2 

4.55 3.73 56.19 

Averag

e 
 

29.5

4 

31.1

4 

6913.3

7 

0.4

1 

68.8

5 

27.2

8 

3.73 3.45 188.9

8 

3.3 Thin section preparation 

3-3-1- Thin Section (P1-By1) 
The results of microscopic examinations of 

thin sections of undisturbed soil samples 

from the By1 subsurface horizon of the first 

pedun in the Al-Hasuwaya area showed a 

predominance of a complex structure 

consisting of a subangular blocky structure 

and a spongy structure. The results also 

showed different sizes and shapes of 

gypsum crystals, including lenticular, 

spindle, and granular shapes, as well as the 

presence of incompletely oriented gypsum 

crystals due to dissolution processes. This 

indicates a complete filling of coarse, 

semi-rhomboidal (C-Gy) gypsum crystals 

surrounded by soil material (SL) and 

gypsum grain clusters, held together by a 
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calcite matrix (Cal). The presence of lime 

in these forms is directly related to the 

transported calcareous formations that are 

abundant in Iraqi soils, and to the residual 

or transported parent material. 

Transported, with an abundance and 

diversity of interstitial pore shapes in this 

horizon (Po) resulting from the dissolution 

of gypsum particles. [30] demonstrated 

that the size, shape, and arrangement of 

interstitial pores play a significant role in 

the movement and transport of water from 

one place to another within the soil body, 

and thus contribute to soil formation 

Figure 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 2. By1 horizon for the P1 

3-3-2- Thin Section (P2-Cky1)  

The subsurface horizon Cky1 of the second 

pedun in the Tel Ismail area shows that the 

sub-angular blocky structure has varying 

sizes, and the presence of granular 

structure appears in different types of 

slabs, making many pores and voids in 

small shapes in most of the views under 

the microscope (packing voids). Large, 

unconnected compound packing voids and 

chamber voids appear as circular vesicles 

between small and medium. Some gypsum 

and carbonate structures have been 

transferred to them and settled in the inner 

edges of the voids. There is also the 

presence of secondary calcite deposits in 

the form of slanted needles in the voids of 

the pore walls (infilling micritic pedogenic 

carbonate), which may originate from 

surface additions by wind or water erosion. 

The results also showed the presence of a 

porphyroblastic texture of nodular gypsum, 

with fine-grained and spindle-shaped 

gypsum of varying sizes and types, 

surrounded by fine-grained soil material. 

Furthermore, nodules were present, 

distributed throughout the layer. There 

were carbonate nodules, as well as some 

reddish-yellow quartz nodules. The 

overlap and co-occurrence of different 

types of cutans confirms that this soil 

underwent different formation conditions 

Figure 3. 
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Figure 3. Cky1 horizon for the P2 

3-3-3 Thin Section (P3-Cy1) 

 

The structure in this panel is of the 

Complex microstructure type, which is 

composed of a mixture of two or more 

types. Specifically, it consists of a 

subangular blocky structure and a granular 

structure in the thin section of the soil. The 

variation in the type and degree of clarity 

of the structure from one view to another 

of the same panel corresponds to the 

variation in the type and quantity of 

components in this horizon, which in turn 

affects the degree of bonding between 

these components. Complex filling is 

observed between coarse rock fragments, 

minerals, and soil aggregates of varying 

sizes. There are also discontinuous voids 

with irregular shapes and walls, called 

vughs. The presence of gypsum in this 

panel is noted, exhibiting typical first-order 

gray and white interlacing colors. The 

crystals exhibit lenticular to needle-like  

 

 

 

shapes throughout the panel, along with 

the presence of irregularly oriented 

gypsum crystals resulting from dissolution 

processes. These crystals vary in size, 

ranging from small, silt-like particles to 

large, coarse or very coarse sand-like 

particles, depending on the soil's 

evolutionary state. This variation is 

reflected in the growth of the gypsum 

aggregates over time. The results also 

indicate the presence of soluans on the 

outer surfaces of the intercalary spaces, 

composed of crystalline salts. Additionally, 

there are white nodules of calcium 

carbonate in the form of small, irregularly 

shaped aggregates resulting from 

pedigenous processes Figure 4. 

 

 

 

 

 

Figure 4. Cy1 horizon for the P3 

3-3-4- Thin Section (P4-Cy2) 

The structure in this slab is of the 

subangular blocky microstructure type. 

Short, flat voids separate the angular 

blocks on all or most sides. Other voids, 

such as small channels or cavities, may 

also be present within or between the 

aggregates. Finally, the surfaces of the 

aggregates fit together well. Complex 

packing is observed between coarse rock 

fragments, minerals, and soil aggregates of 

varying sizes. There are also discontinuous 

voids with irregular shapes and walls, 

called vughs. Furthermore, there is an  

 

 

 

 

abundance and variety of interstitial pore 

shapes in this slab, which are of the simple 

packing void type. This is due to the 

random arrangement and compression of  
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individual grains, leaving irregular voids 

between them that vary according to the 

shape, size, and arrangement of the  

 

 

primary grains. The slide shows a 

complete filling of coarse-grained, semi- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

formal (C-Gy) gypsum crystals, ranging 

from lenticular to needle-like, throughout  

 

 

 

 

the entire slide. The upper portion exhibits 

a sugary (granular) form filling the pores, 

surrounded by soil material (Sl) and 

clusters of gypsum grains bound to a 

calcite matrix (Cal). This matrix exhibits 

high porosity (Po) due to the dissolution of 

the gypsum grains. No coating activity was 

observed, and relatively small white and 

reddish-yellow nodules were 

distinguishable across the same area Figure 

5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Cy2 horizon for the P4 

3-3-5- Thin Section (P5-Cky2) 

The panel shows a subangular blocky 

microstructure and a sparse granular 

structure. The voids were filled with a 

composite filling of unconsolidated grains 

forming subangular blocks of varying sizes 

and shapes. Some voids were irregular, 

depending on the surrounding grains, while 

others were channel-shaped voids, possibly 

due to the presence of microorganisms. 

Film formation was very rare. Nodules of 

varying sizes were observed, appearing as 

white globules. Additionally, there was 

discontinuous filling of gypsum grains (D-

Gy) surrounded by fine-grained soil 

material (Sl) and small amounts of gypsum 
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grains (Gy), along with calcite masses and 

clusters (Cal), and a high degree of 

gypsum solubility (Po) Figure 6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Cky2 horizon for the P5 

3-3-6- Thin Section (P6-Cky1) 

The structure of the plate is granular in 

some parts of the slice and angular-block 

for most of the slice with non-rounded 

edges and irregular geometric shapes. 

Large, unconnected Compoundpacking 

voids and Chambers voids appeared, which 

appear as circular vesicles between small 

and medium-sized ones. Some gypsum and 

carbonate structures were transferred to 

them and settled in the inner edges of the 

voids. The results also showed complete 

filling of coarse-grained, semi-formal (C-

Gy) gypsum crystals, surrounded by soil 

material (Sl) and clusters of gypsum 

grains, linked by a matrix of calcite (Cal), 

with an increase in porosity (Po) as a result 

of gypsum dissolution. In addition, 

structures made up of clusters of fine soil 

material (Sl) surrounded by occurrences of 

lenticular gypsum (Gy), with a ground 

mass of calcite (Cal), and pores resulting 

from gypsum dissolution (Po) Figure 7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Cky1 horizon for the P6 

3-3-7- Thin Section (P7-Ckyz2) 

The panel ( ) showed that the soil structure 

was of the complex microstructure type, 

which is a complex structure composed of 

a mixture of two or more types, consisting 

of a sub-angular blocky structure, an 

angular blocky structure, and a granular 

structure in the thin section. The voids 

were filled with a composite filling 

between unconsolidated particles into sub-
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angular blocks of varying sizes and shapes, 

some irregular (vugs) depending on the 

surrounding particles, and others in the 

form of channels (voids). In addition, the 

presence of vesicles, which are round 

spaces often observed in groups, usually 

indicates the presence of air bubbles in the 

soil. The panel reveals a composition of 

fine-grained soil (Sl) aggregates 

surrounded by lenticular gypsum (Gy) 

deposits. Plagioclase feldspar grains in the 

thin sections are identified by the 

characteristic albite twinning pattern, 

appearing as parallel bands with 

alternating quenching, indicating an 

igneous origin of the parent material and a 

low to moderate degree of weathering. 

Calcite (Cal) aggregates and porosity 

resulting from the dissolution of gypsum 

grains (Po) are also present Figure 8. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Ckyz2 horizon for the P7 

Conclusion 

The results indicate that the soils of Al-

Shirqat district are characterized by the 

dominance of gypsophilic and calcareous 

processes and the accumulation of salts 

within the soil profile due to limited 

leaching in the arid to semi-arid climate. 

Chemical weathering is less intense than 

physical weathering, resulting in the soil 

retaining a high percentage of primary 

minerals and exhibiting moderate to weak 

pedogenic development. The variation 

among the seven Pedons is linked to 

differences in the parent material and local 

geomorphological conditions. Microscopic 

and geochemical evidence confirms 

successive cycles of dissolution and re-

deposition of gypsum and carbonates, 

representing the distinctive geological and 

pedogenic characteristics of the region's 

soils. 
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