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Abstract

Chemical indices are widely used for characterizing the degree of weathering. In this study, we focused
on evaluating the capability of chemical weathering indices to distinguish the sequence offaradian
sediments in an arid region of Iran. Sevemi@mnt geoforms were selected in Rafsanjan region,
southeast of Iran, namely pediment, alluvial fan, margin of pediment and sand sheet, desert pavement,
margin of fan and cultivated clay flat, active drainage, and margin of fan and uncultivated c@gdlat.
representative pedon was selected, described, and sampled for each geoform. The soil physicochemical
properties of different horizons of each pedon were determined. We calcudaiteds weathering

indices, including weathering index of Parker (WIRpduct index (PIl), chemical index of alteration

(CIA), silica-sesquioxide ratio (Kr), and CIA/WIP ratio (IRgnd elucidated their depth distributions.

The heterogeneity of the parent material within a given pedon was confirmdibldittvidencedepth
functions of clayfree sand fractions, and theiformity value (UV) indexThe horizon sequence with
lithologic discontinuities (LDs) indicated that the studied pedons were formed by cyclic deposition of
aeolian and fluvial sediments. The vertical variasi@f the weathering indices as well as the vertical
trend of the AIO4/SIO; ratio (as a grain size index) were entirely consistent with the presence of the
LDs. The results suggested that different factors, such as grain size, sedimentation cyclimgjr and t
interactive effects, should be considered in order to accurately assess the vertical trend of chemical
weathering indices.

Keywords: Geochemical composition, Grain size, Lithologic discontinuity, Sedimentation cycling

Introduction

Chemical weathering is a process in which primary minerals are transformed into new minerals.
The rate of weathering and the chemical composition of sediments are generally influenced by
the composition of the parent rocks (Fedo et al., 1997), chemictidevieay conditions (Nesbitt

and Young, 1982; Clift et al., 2008), sorting effects (Roser, 2000), and the grain size that is
driven by the depositional processes (Yang et al., 2006). The ratios between mobile and
immobile elements change during chemicaltiveeng as cations have different mobilities due

to differences in their ionic potentials (Roy et al., 2008). Various weathering indices, such as
the chemical index of alteration (CIA; Nesbitt and Young, 1982), weathering index of Parker

" Corresponding authormail: esfandiarpoor@vru.ac.ir
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(WIP; Parker, 197)) and chemical index of weathering (CIW; Harnois, 1988), have been
widely employed for quantifying and to characterizing the degree of weathering. According to
Okewale (2020), it is essential to assess the chemical indices across different depthgan order
characterize the degree of weathering and identify the underlying trend along the vertical
profile.

Lithologic discontinuities (LDs) are defined as significant changes in the particle size
distribution or mineralogy, which reflect the differences in terms of lithology and age within a
soil (Soil Taxonomy, 2014)Consequently, LDs separate different sesitary layers formed
during a shift from one depositional system to another (aeolian to fluvial) or once changes take
place within a single sedimentary system (differences in age or depositional energy). Lithology
determines the type of the pegisting mnerals available for possible reactions, which plays
an important role in the weathering process (Gaillardet et al., 1999; Chetelat et al., 2013).
Additionally, several studies have confirmed that the geochemical compositions of sediments
strongly correla with the grain size distribution (Garzanti et al., 2011; Laceby et al., 2017;
Hatano et al., 2019). Hatano et al. (2019) and Guo et al. (2018) demonstrated that the
Al03/SiO; ratio is an appropriate grain size index. A study on the relationship betiween
chemical weathering and grain size distribution of aeolian deposits in Chinese loess plateau
revealed that the impact of grain size on the chemical weathering indices is more pronounced
in interglacial periods in comparison with that in glacial peri@is and Mu, 2011).

Our knowledge of the behavior of elements during the chemical weathering processes needs
to be further improved. Several studies have explored the relationships between chemical
weathering and erosion (Song et al., 2019; DerakhBlabaei et al., 2020), mechanical
behavior of rocks (Okewale, 2020), as well as fertility and soil development (Delvaux et al.,
1989). A fewstudies (Hatano et al., 2019; Vasu et al., 2020) have however investigated the
spatial variability of weatheringhdices along a vertical profile, adpossible link between
these indices and the heterogeneity of parent material in a quantitative manner. It is necessary
to investigate whether the diverse and heterogeneous source lithology can exert significant
contrd on the weathering indices. The main objective of the present study was to evaluate the
capability of the chemical weathering indices in order to characterize the sequence of aeolian
fluvial sediments in different geoforms in Rafsanjan region, southeasino

Materials and Methods
Study area

The study area is a part of Davaran area (55° 56' 43" to 56° 13' 13" E and 30° 27" 49" to 30° 37"
20" N), located in 15 km east of Rafsanjan region, southeast of Iran, with an area of ~ 56 km
and a mean elevation of 1645 meters above the sea level (m.a.s.l; Fig. 1). According to a 30
year record (1989 to 2019), the mean annual temperature and precipitation of the area were 18.9
°C and 80.3 mm, respectively. The soil moisture and temperatgmaa® are Aridic and
Thermic, respectively. The parent materials of the region include Quaternary sediments (fluvial
and aeolian), originating from various rocks, like marl, shale, conglomerate, granite, sandstone,
guartzite, and limestor{&eological Surey and Mineral Exploration of Iran, 2020\ general,

the processes of water and wind erosion, sedimentation, along with human activities (including
pistachio cultivation) have led to formation of various geoforms in the studied area.
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Sample collection and laboratory analyses

Using the topographic map (1:25000 scale) and Google Earth sateliges,we identified
and separatedeven dominant geoforms of tiegion based on geopedological approach
(Zinck, 1989), namely pediment (pedon 1: Rigrgin of fan and cultivated clay flggedon 2:
P2), alluvial fan (pedon 3: P3), desert pavement (pedon 4nt4yin of pediment and sand
sheefpedon 5: P5), activérainage (pedon 6: P6), andhrgin of fan and uncultivated clay flat
(pedon 7: P7).

According to the area of each geoform and based on fourth order surveys (Soil Science
Division Staff, 2017), 19 pedons were excavated and described according toebahiger et
al. (2012). Subsequently, in each geoform, a representative pedon was séligctédagd
Table ) and the soil samples were collected from different genetic horizonslridd soil
samples were crushed and passed throughman2sieve. We caied out different soil
physicochemical analyses, including soil organic carbon (OC) (Nelson and Sommers, 1982),
particle size distribution (Gee and Bauder, 1986), calcium carbonate equivalent (CCE) (Nelson,
1982), gypsum (Nelson et al., 1978), solubleéoret in saturation extract (Lanyon and Heald,
1982), pH in saturated paste, and electrical conductivity (EC) in saturated extract. In addition,
the volume percentage of rock fragments (RF, greater than 2008ndntheweight percentage
of sand fractions ere determined by sieving, which included very fine sand (VF308Qum),
fine sand (FS, 16@50 pum), medium sand (MS, 2&5D0 um), coarse sand (CS, 50000 um),
and very coarse sand (VCS, 162000 pm).

The major elements of the soil samples watenined via an XRE800 sequential Xay
fluorescence spectrometer.

Chemical weathering indices

Theweathering indices, including WIP, product index (PI), CIA, Siiesquioxide Ratio (Kr),
and CIA/WIP ratio (IR)were calculated using Equations {@)5) as follows:

7)0 © A oy Sl S mo ALy Parker(1970) (1)
0) 3/E 3E 4E 1/ &N p T TT Ruxton (1968) (2)
wyr MU i s Al3E Al s+ P TNesbit& Young (1982) (3)
+0 3E U ek Moignien (1966)  (4)
) 2 #) !7) 0 Garzanti et al(2014) (5)

Theamount of all the element oxides in these equations is in mole fraction. Moreover, the
CaO in Equations (1) and (3) is the amount of CaO in the silicate minerals. Hence, the amount
of calcium in carbonatesdlcite and dolomideand phosphatesfatitg was corrected using
Equation (6), as follows:

#Al Mo ¢ . A Tocg Honda& Shimizu (1998) (6)

Since the AlOs-(CaO+NaO)-K>0 (A-CN-K) ternary diagram is useful for indicating the
chemical weathering trend (Nesbitt and Young, 1984; Fedo et al., 1997),GheKAternary
diagrams wereonstructed withTriplot 2.1.4 software for different horizons of the studied
pedons.
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Detection of lithologic discontinuity (LD)

The uniformity value (UV) is an index that has been used successfully for the detection of LD
(Cremeens and Mokma, 1986; Tsai and Chen, 2000). The UV index was calculated as:

P P Tp
P b Tp P (7)

Results and Discussion
Soil physicochemical properties

Table 1 depicts the morphological characteristiosl the most important physicochemical
properties of the studied pedons. The pedons were classified based on the WRB saill
classification system (IUSS Working Group WRB, 2015) (Table 2). The heterogeneity of the
parent material (sequence of fluvial and l@#osediments) was observed for most studied
pedons. The single grain structure was the most dominant soil structure in the studied soils due
to the presence of aeolian sediments in the majority of the pedons under study. Five reference
soil groups (RSGs)ncluding Calcisols, Gypsisols, Fluvisols, Solonchaks, and Regosols, were
identified in the studied area (Table 2).

Detection ofithologic discontinuity

A great body of field evidence has indicated the presence of LDs, including an abrupt textural
cortact, the size of sand grain, the presence of stone lines, and the shape of rock fragments (Soil
Taxonomy, 2014). In the present field study, all the pedons (except for P6, the active drainage
geoform) exhibited LDs based on the differences concerningypieeof the parent material
(aeolian and fluvial sediments). The horizon sequence with LDs implied that the studied pedons
were formed by cycling deposition of aeolian and fluvial sediments. According to Ahr et al.
(2012), discontinuities are not alwaysaddy detectable in the field. Both laboratory analyses
and field evidence are required to accurately distinguish LDs (Ahr et al., 2012; Esfandiarpour
Boroujeni et al., 2020).

Fig. 2 represents the depth functions of the-ftag sand fractions fdhe studied pedons.
In P1, at depths of 70 cm (between the C and 2Cky horizons) and 105 cm (between the 2Cky
and 3C horizons), all the fractions of the efege sand exhibited an abrupt change with depth
(Fig. 2). The subsequent laboratory analyses auefir the presence of LDs previously
distinguished in the field (Tables 1 and 2). In P2, the vertical trend of MS to VFS fractions were
in concordance with the field evidence. Despite the lack of a direct field evidence, Hfreelay
base of CS and VCS fraans revealed discontinuities at depths of 60 and 140 cm (Fig. 2).

Several studies have confirmed that the UV is a reliable index to detect LDs (Cremeens and
Mokma, 1986; Tsai and Chen, 2000; Esfandiarf®@anoujeni et al., 2020). The UV index
compaes particle size data from two horizons. A UV index close to zero indicates that the two
given horizons originate from similar parent materials. The UV values that exceed +0.6 suggest
that an LD exists between these two horizons. In the present studyy thalues were zero
for the depths of 60 and 140 cm of the P2, failing to reveal any LDs between th@2Bland
2C1-2C2 horizons (Fig. 3). Accordingly, distinguishing LDs necessitates a combination of the
laboratory analyses and field evidence. In tthevadl fan geoform (P3), field evidence, depth
functions ofthe clayfree sand fractions, and the UV values revealed the presence of the LDs
(Table 2 and Figs. 2 and 3).



TN 2022, 27(1): 115-139 120

Table 1.Summary of thenorphological characteristics of the studied pe#lons

. : Color Consistency Cutans and/or
Horizon Depth (cm) Type of sediment Boundary Dry Voist Structure Dry Moist concentrations
Pedon 1 (Pediment)
C 0-70 Aeolian AW 10YR 6/4 10YR5/3 sg lo lo
2Cky 70-105 Fluvial Ccw 10YR 7/4 10YR 6/2 sg sh vir f,1,CAC and GYX,MAT
3C 105200 Aeolian AS 10YR6/4 10YR5/3 sg sh vir
Pedon 2 (Margin of fan and cultivated clay flat)
C 0-30 Aeolian AS 7/5YR 6/4 7/5YR 5/2 sg lo lo
2Bky 30-60 Fluvial cw 10YR 7/4 10YRG6/2 1fsbk sh fi f,1,CAC and GYX,MAT
2C1 60-140 Fluvial AS 10YR 6/4 10YR5/2 m mh fi
2C2 140160 Fluvial CS 10YR 6/4 10YR5/2 sg sh fi
3Btn 160-205 Aeolian AS 10YR5/4 10YR 4/4 1fsbk mh fi f, F, CLF on PF
Pedon 3 (Alluvial fan)
C 0-25 Aeolian CSs 10YR 6/4 10YR5/3 sg lo lo
2BK 2560 Fluvial Ccw 10YR 7/4 10YR6/3 1fsbk sh Wil c,2,CAC,MAT
3By 60-110 Aeolian CS 10YR 7/4 10YR 6/3 sg sh Wil f,1,GYX,MAT
4C1 110130 Fluvial CS 10YR 6/4 10YR5/3 m mh fi
4C2 130175 Fluvial AS 10YR 6/4 10YR5/3 m mh fi
Pedon 4 (Desert pavement)
C 0-20 Aeolian CSs 10YR 6/4 10YR5/3 sg lo lo
2Bw 20-50 Fluvial AS 7/5YR 6/4 7/5YR 5/3 1fsbk sh Vi
3Bky 50-105 Aeolian AS 10YR 7/4 10YR5/3 1fsbk sh Vi f,1,CAC and GYX,MAT
3Ck 105125 Aeolian AS 10YR 6/4 10YR5/3 sg mh fi f,1,CAC,MAT
4CBy 125180 Fluvial cw 10YR 7/4 10YR5/3 sg mh fi f,1,GYX,MAT
4Cy 180220 Fluvial AS 10YR 8/3 10YR 6/3 m h Vi f,1,GYX,TOT
Pedon 5 (Margin of pediment and sand sheet)
C 0-15 Aeolian AS 10YR 6/4 10YR5/3 sg lo lo
CBk 1545 Aeolian AS 10YR5/4 10YR 4/3 sg lo lo f,1,CAC,MAT
Ck 45-60 Aeolian AS 10YR 6/4 10YR5/3 sg lo lo f,1,CAC,MAT
2C1 60-75 Fluvial AW 10YR 6/4 10YR5/3 sg lo lo
2C2 7595 Fluvial AW 10YR 6/4 10YR5/3 sg lo lo
3C3 95-105 Aeolian AW 10YR 6/4 10YR5/3 sg lo lo
3C4 105115 Aeolian AW 10YR5/4 10YR 4/3 sg lo lo
3C5 115125 Aeolian AW 10YR 6/4 10YR5/3 sg lo lo
4Ck 125140 Fluvial AW 10YR 6/4 10YR5/3 sg lo lo f,1,CAC,MAT
4Bky 140215 Fluvial AS 10YR7/4 10YR 6/3 1fabk sh f ¢,1,CAC,MAT and

f,1,GYX,MAT
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Continued Table 1. Summary of the morphological characteristics of the studied p&dons
Pedon 6 (Active drainage)

C1 0-55 Fluvial AS 10YR 6/4 10YR5/3 m h Vi
C2 55-85 Fluvial AS 10YR 6/4 10YR5/3 m h Vi
C3 85-200 Fluvial AS 10YR6/4 10YR5/3 m h Vi
Pedon 7 (Margin of fan and uncultivated clay flat)
C 0-60 Aeolian AS 10YR 7/4 10YR 6/4 sg lo lo
2Bwb1 60-100 Fluvial AS 10YR 6/4 10YR5/3 1fsbk mh fi
2Bwb2 100140 Fluvial AS 10YR 6/4 10YR5/3 2fsbk mh fi
2Bzb 140-200 Fluvial Aw 10YR 7/4 10YR®6/3 1msbk mh fi m,2,SAX,MAT
3Bwb1 200250 Aeolian AS 10YR 6/4 10YR5/3 1fsbk mh fi
3Bwb2 250-310 Aeolian AS 10YR 6/4 10YR5/3 2fsbk mh fi
3Btb 310350 Aeolian AS 10YR 6/4 10YR 5/3 2msbk mh fi f, F, CLFon CC
4Bwb 350-390 Fluvial AS 10YR 6/4 10YR 5/3 1fsbk mh fi

aSymbols are used based on Schoeneberger et al. (2012) as follows:

Boundaryd A: abrupt; W: wavy; S: smooth; C: clear.

Structure gradé 1: weak; 2: moderate.

Structure sizé f: fine; m: medium.

Structure typ® sg: single grain; mmassive; abk: angular blocky; sbk: subangular blocky.

Consistency lo: loose; sh: slightly hard; mh: moderately hard; h: hardyery friable; fi: firm; vfi: very firm.

Cutansd f: few; F: faint distinctness; CLF: clay films (argillans); CC:amncretions; PF: on all faces of peds (vertical and horizontal).

Concentration® f: few, c: common; m: many quantities; 1: fine size; 2: medium size; CAC: carbonate concretions; GYX: gypsum crystakdf S8AXtads;
MAT: in the matrix (not associategith peds/pores); TOT: throughout.
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Table 2. Summary of the physical and chemical properties of the studied pedons with their classification based on the WRB system

Horizon Depth oH EC? Sand  Silt Clay Textural CCE  Gypsum OC SAR® CF
(cm) dsmb) (%) (%) (%) clas$ (%) (%) (%)  (mmol (105 (>2 mm)
Pedon 1 (Pediment): Haplic Gypsisols (Arenic, Aridic, Hypogypsic, Raptic, Protosodic)

C 0-70 764 194 86.60 9.4 4 LS 3.0 0.0 0.01 1.27 0.0
2Cky 70105 7.78 289 8580 5.7 8.5 LS 145 8.9 0.01 7.80 10.0

3C 105190 8.09 420 89.24 6.5 4.3 S 12.5 0.0 0.01 15.24 3.0

Pedon 2 (Margin of fan and cultivated clay flat): Calcic Solonchaks (Aridic, Calcaric, Loamic, Raptic)

C 0-30 729 16.08 4750 32 20.5 L 12.5 0.0 0.09 3.39 10.0
2Bky 3060 7.68 18.20 27.50 56 16.5 SiL 17.5 1.8 0.07 2.31 5.0
2C1 60-140 7.69 2290 30.00 545 155 SiL 12.0 0.0 0.06 1.94 7.0
2C2 140160 7.58 12.84 2850 52 19.5 SiL 2.6 0.0 0.05 3.28 20.0
3Btn 160205 7.82 16.20 4450 29 26.5 L 10.0 0.0 0.02 17.89 10.0

Pedon3 (Alluvial fan): Haplic Calcisols (Aridic, Fluvic, Loamic, Raptic)

C 0-25 780 068 6850 21 10.5 SL 2.7 0.0 0.01 3.48 20.0
2BK 2560 7.62 2.64 63.30 10.7 26 SCL 30.0 0.0 0.01 2.81 30.0
3By 60-110 750 6.16 72.70 10.1 20.5 SCL 20.0 2.3 0.01 4.99 25.0
4C1 110130 820 7.04 8230 93 8.5 LS 18.5 1.4 0.01 7.91 90.0
4C2 130175 7.66 6.23 85.00 9 6 LS 16.4 0.0 0.01 5.99 75.0

Pedon 4 (Desert pavement): Cambic Calcisols (Fluvic, Loamic, Raptic, Yermic)

C 0-20 8.00 0.12 8550 4 10.5 LS 7.0 0.0 0.05 0.93 10.0
2Bw 2050 8.06 11.0 73.00 5 22 SCL 12.5 0.0 0.05 3.74 20.0
3Bky 50-105 7.76 10.66 7350 16 10.5 SL 325 1.4 0.04 2.44 30.0
3Ck 105125 8.24 9.60 7750 12 10.5 SL 9.0 0.0 0.04 4.86 80.0
4CBy 125180 8.00 6.67 69.50 24.5 6 SL 9.0 55 0.03 13.86 85.0
4Cy 180220 7.97 10.98 7550 16.0 8.5 SL 7.5 6.3 0.03 15.03 40.0

Pedon 5 (Margin of pediment and sand sheet): Skeletic Calcisols (Arenic, Aridic, Fluvic, Raptic, Protosodic

C 0-15 782 0.09 93.50 2 4.5 S 25 0.0 0.01 2.20 0.0
CBk 1545 781 221 7550 12 12.5 SL 26.0 0.0 0.23 6.19 49.7

Ck 4560 7.90 365 8850 6.25 5.25 S 5.0 0.0 0.05 10.14 53.5
2C1 6075 8.09 213 90.80 4.7 4.5 S 15.0 0.0 0.04 7.84 18.8
2C2 7595 838 223 9140 45 4.1 S 12.5 0.0 0.03 9.80 52.4
3C3 95105 8.42 212 89.50 6 4.5 S 16.0 0.0 0.03 7.68 13.8
3C4 105115 820 545 89.00 7.4 3.6 S 27.5 0.0 0.02 5.14 85.5
3C5 115125 8.13 565 8890 7.1 4 S 26.5 0.0 0.01 1.67 26.7
4Ck 125140 8.02 574 80.00 15 5 LS 24.5 0.0 0.01 1.40 44.6
4Bky 140215 780 8.78 77.00 18 5 LS 15.0 4.4 0.01 16.33 35.9
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Countinued Table 2. Summary of the physical and chemical properties of the studied pedons with their classification based on the WRB system
Pedon 6 (Active drainage): Calcaric Skeletic Fluvisols (Arenic, Aridic)

C1 0-55 788 159 7350 20 6.5 SL 22.5 0.0 0.05 1.25 72.4
C2 5585 7.85 1.18 7954 15 55 LS 18.0 0.0 0.01 2.44 83.1
C3 85200 7.77 646 8054 12 7.5 LS 15.0 0.0 0.04 6.63 87.0

Pedon 7 (Margin of fan and uncultivated clay fl&j)otic Calcaric Eutric Regosaoléeolic, Aridic, Loamic, Magnesic,
Nechic, Transportic) oveCalcic Sodic Solonchaks (Aridic, Clayic, Hypersalic, Skeletic)

C 0-60 833 200 7950 11 9.5 SL 7.5 0.0 0.01 2.03 0.0
2Bwbl 60100 7.67 20.70 33,50 18 48.5 C 20.0 0.0 0.03 3.39 53.5
2Bwb2 100140 7.32 2340 3125 17 51.75 C 27.5 0.0 0.02 6.01 51.1

2Bzb 140200 7.83 63.20 2950 20 50.5 C 10.0 0.0 0.02 4.13 48.5
3Bwbl 200250 7.68 18.80 25.50 18 56.5 C 28.5 0.0 0.02 4.42 53.5
3Bwb2 250310 7.92 16.80 25.00 20 55 C 22.5 0.0 0.01 3.78 425

3Btb 310350 7.13 17.42 1550 125 72 C 18.5 0.0 0.02 1.16 51.4
4Bwb 350390 7.23 19.15 18.00 26 56 C 25.0 0.0 0.01 1.49 55.4

aElectrical conductivity

bS = sandy, LS = loamy sandy, L = loam, SiL = silt loam, SL = sandy loam, SCL = sandy clay loaayC =
¢Calcium carbonate equivalent

4 Organic carbon

€ Sodium adsorption ratio

f Coarse fragments
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The field evidence, values of the UV index, and the depth functions of all th&retalpase
sand fractions showed LDs betwees2Bw and 2Bw3Bky horizons in P4Table 2 and Figs. 2
and 3. Moreover, the clayree base FS and VCS fractionsre in line with the UV values and
field evidenceshowing an LD at depth of 125 amthis pedonTable 2 and Figs. 2 and.3n P5,
field evidence, depth functions of clfrge sand fractions (VCS, F&nd VFS), along with the
values of the UV index demonstrated the heterogeneity of parent material at depths of 60, 95, and
125 cm respectivelyTable 2 and Figs. 2 and 3). The clage base of some sand fractions (MS
and CS)exhibited an abrupt change depths of 15 and 45 cm (Fig. &).conformation with the
field evidence, none of the cldgee sand fractions revealed discontinuities between horizons in
P6, which suggested that these horizons may be of the same origin. Furthermore, the field
evidene, values of the UV index, and depth functions of the-frieg base sand fractions showed
LDs among G2Bwb1, 2Bzk3Bwb1, and 3BtB1Bwb horizons in P7Table 2 and Figs. 2 and.3

Depth distribution of the weathering indices

Table 3 enlists the major ae concentrations for different horizons of the studied pedons. The
depth distribution of the weathering indices of WIP, IR, PI, and Kr are presented in Fig. 4. The
WIP index values showed an irregular pattern with depth for all the studied pedonsfaxeépt

and P6. In P1, the values of WIP decreased with depth whereas an increasing trend was observed
in P6 (Fig. 4). Although the values of Pl and Kr indices decreased with depth in P1 and P2, they
gradually increased iR6.The values of Pl and Kr indicésdirregular trends in the other studied
pedons (Fig. 4). Moreover, the deptiated variations in the IR index revealed an irregular trend

for all the pedons, except for P6.

These vertical variations confirmed thetérogeneity of parent material in the studied soils.
According to Okewale (2020), the weathering progresses steadily with depth for homogenous
rocks along a vertical profile whereas a contrast may be found for heterogeneous rocks from
different locationgnd formations. Based on the steep reverse trend of chemical proxy of alteration
(CPA) and index B, Vasu et al. (2020) identified the presence of the LD in pedons and
demonstrated that the parent materials of the studied pedons were of different origins.

As mentioned above, no LD was detected in P6, which was confirmed by the lack of filed
evidence and the results of the laboratory analyses. In this pedon, the depth distribution of the
weathering indices were completely different from those on thex ptdons (increasing steadily)
and the weathering intensity decreased with depth. On the other hand, several studies have reported
that the variation in chemical weathering values commonly reflects variation in grain sizes rather
than the extent of the emical weathering (Nesbitt and Young, 1982; Hatano et al., 2019). Hatano
et al. (2019) and Guo et al. (2018) proposed that th@s/8i0, ratio is an appropriate grain size
index. Fig. 5 illustrates the vertical change of@¥SiO; ratio for different stdied pedons. The
variability of Al,Os/SiO; ratio along a vertical profile is in complete agreement with the depth
distribution of the chemical weathering indices. In P6, th©&A6i0, ratio decreased with depth,
confirming the vertical change of the weating indices. Quartz is resistant to chemical and
physical weathering and coargmined sediments are enriched in quartz and possess high SiO
contents. In contrast, fingrained sediments are commonly enriched in phyllosilicates with high
Al203 contentgNesbitt et al., 1996; Carpentier et al., 2009; Lupker et al., 2012).
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Table 3.Some of the major oxide elementsloé studied pedons

) Depth TiO2 SiO; FeOs Na,O MgO K20 CaO Al,0O3
Horizon
(cm) %
Pedon 1 (Pediment)

C 0-70 1.06 39.96 13.87 0.32 6.46 5.08 18.82 13.05
2Cky 70-105 1.07 40.11 13.23 0.40 6.37 473 19.22 13.28

3C 105200 1.34 35.33 18.43 0.47 6.05 472 1890 13.08

Pedon 2 (Margin of fan and cultivated clay flat)

C 0-30 1.02 44.51 8.88 0.71 6.11 540 16.36 15.59
2Bky 30-60 1.54 34.65 13.52 0.61 7.40 6.35 19.91 14.34
2C1 60-140 1.48 35.40 13.17 1.19 6.53 6.16 19.57 14.80
2C2 140160 1.27 37.94 13.64 0.34 5.72 5.13 19.27 15.30
3Btn 160205 1.38 34.25 15.41 0.52 5.77 6.10 19.51 15.31

Pedon 3 (Alluvial fan)

C 0-25 1.15 36.02 17.55 0.34 5.25 5.34 19.14 13.47
2BK 2560 1.13 36.36 10.66 0.31 7.65 6.10 20.45 15.62
3By 60-110 1.03 38.02 9.86 0.43 7.30 548 21.38 14.78
4C1 110130 1.05 30.44 20.81 0.38 9.62 5.18 19.26 11.57
4C2 130175 1.00 38.60 19.00 0.41 9.52 4 32.99 13.17

Pedon 4Desert pavement)

C 0-20 1.37 35.98 16.06 0.32 6.46 5.28 19.49 13.48
2Bw 20-50 1.24 36.79 9.66 0.38 11.11 485 20.15 14.23
3Bky 50-105 1.16 36.66 2.70 0.37 18.36 479 20.82 13.59
3Ck 105125 1.19 39.19 14.67 0.35 5.53 545 18.95 13.11
4CBy 125180 1.17 37.86 13.92 0.53 6.63 478 20.69 12.92
4Cy 180-220 0.96 39.66 8.10 0.60 8.13 6.29 21.49 13.34

Pedon 5 (Margin of pediment and sand sheet)

C 0-15 1.16 39.30 13.55 0.33 5.90 5.13 19.49 13.45
CBk 1545 1.03 39.08 13.32 0.38 6.27 5.24 19.29 13.72
Ck 4560 1.30 36.62 17.94 0.39 5.25 5.08 18.82 13.11
2C1 60-75 1.05 40.36 13.86 0.38 5.98 5.24 18.62 13.00
2C2 75-95 1.23 38.76 15.23 0.40 5.58 5.08 18.81 13.26
3C3 95-105 1.14 36.32 17.28 0.39 5.53 5.03 19.49 13.34
3C4 105115 1.25 38.62 13.32 0.38 7.76 5.00 18.95 13.22
3C5 115125 1.10 39.53 13.87 0.33 5.72 495 19.62 13.43
4Ck 125140 1.02 40.26 11.62 0.32 6.83 479 2049 13.11
4Bky 140215 1.07 39.23 11.09 0.56 4.88 6.29 2156 13.77
Pedon 6 (Active drainage)

C1 0-55 1.13 38.18 33.01 0.32 6.46 5.43 20.82 14.16

c2 55-85 1.08 39.65 32.09 0.35 7.39 480 2149 13.34

C3 85-200 1.10 38.93 27.38 0.47 11.85 5.18 22.42 13.75

Pedon 7 (Margin of fan and uncultivated clay flat)
C 0-60 1.30 36.61 15.74 0.33 6.46 5.08 18.82 13.93
2Bwbl  60-100 1.31 38.61 1.30 0.36 6.83 1291 20.15 16.78
2Bwb2  100-140 1.05 39.53 10.66 0.38 6.39 714 19.33 13.99
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2Bzb 140200 1.29 35.73 10.37 0.39 9.49 7.35 19.82 13.96
3Bwbl 200250 1.11 39.47 9.58 0.37 7.39 7.38 19.16 14.00
3Bwb2 250310 1.10 39.59 8.18 0.33 7.31 6.08 21.29 1457

3Btb 310350 1.26 39.53 7.28 0.32 5.57 6.50 22.90 15.03
4Bwb 350390 1.25 40.08 5.17 0.30 9.92 749 20.15 14.13

Qin and Mu (2011) demonstrated that the abundances0§AfeOs, K20, MnO, BOs, and
MgO contents in fine grain fractions drigher than those in coarse grain fractions, and that SiO
Na&O, and CaO contents in the fine grain fractions are lower than those in the coarse grain
fractions. Hatano et al. (2019) reported a strong positive correlation between the chemical
weathering ad grain size index and established that the CIA value is greatly controlled by the
grain size. However, according to Vasu et al. (2020), the effects of the grain size on the weathering
indices and variation in sediments complicate the assessment oétheeghweathering degree.

Our results revealed that the vertical trend ofQAISIO; ratio is closely matched with the
presence of LDs. The horizons with lower®@4/SiO; ratio suggested that these samples were
composed of coarser grained sedimeiig. 6 exhibits the correlation matrix between the
Al>03/SiO; ratio and particles size. The sand, FS, and MS fractions were negatively correlated
(POO0. 05) wi t h t h e0y/Sir ratio)nwhile ithe elay and cik fractions vere
positively correléed with the A}O3/SiO; ratio (Fig. 6). These results also shed light on the effect
of the grain size on the variation of28k/SiO; ratio. Where LDs were present, an abrupt change
of Al,Os/SIO; ratio was observed between the horizons (Fig. 5). The sleatigal changes in
Al>03/SiOp ratio were due to the presence of an LD.

The variation in the chemical weathering values between the horizons with diffel@gSAD,
ratios reflected distinctive differences in terms of the parent material. We could accordingly
propose that the AD3/SiO; ratio and chemical weathering indices are reliable indicators of the
presence of LDs (a quantitative method). On the other haressasent of the grain size is of great
necessity for the evaluation and interception of the vertical trend of weathering indices, especially
where sediments have variable grain sizes and are formed on different sadjicyaies

In P6, the effects dhe sedimentary recycling and hydraulic sorting on the chemical weathering
indices were evident. Despite the lack of LD in this pedon, there was an abrupt change in the
chemical weathering indices, such as WIP and IR, at a depth of 55 cm, which was furthe
confirmed by the AIO3/SiO; ratio. Among the studied pedons, P6 was the only pedon formed
entirely from fluvial sediments. In the fluvial sediments, hydrodynamic sorting can separate
particles according to their size, shape, and density, thereby cogtritle mineralogical
variability as well as geochemical differentiation in river sediments (Garzanti et al., 2010 and
2011). Therefore, in pedon P6, the vertical variation of the chemical weathering indices can reflect
the effects of sedimentary recycliagd sorting during the sediment transportation and deposition.
These results collectively suggested that different factors, such as grain size, sedimentary
recycling, and their interactive effects, should be considered for chemical weathering assessment.
Guo et al. (2018) investigated the effect of sorting on river sediment geochemical composition and
weathering indices in five rivers in the east of China. Their results showed that the weathering
intensity in the finegrained particles was systemically stger than that in the coargeained
particles.
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The ACN-K ternary diagram is a useful indicator of the chemical weathering trend (Nesbitt
and Young, 1984; Fedo et al., 1997). The studied pedons and their horizons weteqridhe
A-CN-K ternary diagram (Fig. 7). The CIA values of69, 6585, and 85100 percentage indicate
weak, intermediate, and strong weathering intensity, respectively (Price and Velbel, 2003; Hatano
et al., 2019; Liu et al., 2020). In the presentigtuhere was an intermediate chemical weathering
intensity in P1, P3, P5, and P6, with the CIA values ranging from 65 to 75%, on top of weak to
intermediate chemical weathering intensity in P2, P4, and P7 with the CIA values between 55 to
75% (Fig. 7).
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re two
LDs in this pedon (Table 1), based on the chemical composition, it could be concluded that the
aeolian sediments in depths 670 cm (C horizon) and 18800 cm (3Chorizon) are of the same
origin. Based on the A£N-K ternary diagram, it seentatthe source of aeolian sediments (C
and 3Btn horizons) in the P2 is simitareach otheffig. 7). In P3, the source of aeolian sediments
(C and 3By horizons) is the sarteeach othewhereas the source of fluvial sediments (2Bk and
4C1 horizons) is differenin the mentioned horizon#é\s a result, this issue indicates that the
sedimentation process occurred fromaltiple sources oparentmateriat (Table 1 and Fig. 7). In
other pedons, no specific trend was observed. Due to a confrontation between aeolian and fluvial
sediments in the studied area, the conditions were not presumably in favor of the alteration; hence,
most variations of chemical composition were possiblyivedr from changes in the parent
material. Previous research has also highlighted that lithology plays a significant role in chemical
weathering Chetelat et al., 201¥arzanti and Resentini, 2016; Guo et al., 2018).

Grain size and weathering indices

Similar trends were observed for WIP with Pl as well as IR with Kr; hence, we only considered
two indices. The WIP and Kr indices were plotted with th€AISiO; ratio to unravel the effects

of the grain size on the weathering indices (Fig. 8). Althobhgweathering indices changed with

the variation of the grain size in all the studied pedons, no common trend was observed for these
variations, which could be linked to the simultaneous presence of aeolian and fluvial sediments.
The results clearly dematnated that the type of sediments (aeolian or fluvial sediments) affected
the grain size and the weathering indices consequently. Moreover, in P2, there were aeolian
sediments, including the particles with high and lowQAISIO, ratios, possibly reflectop
different weathering conditions (Fig. 8). In line with our findings, Wen (1989) reported that the
elemental concentrations of dust deposits are partially dependent oisigeachanges. Yang et

al. (2006) revealed that the grain size influenced theheeag indices in different size fractions
within a north south transect on the Chinese loess plateau.

Although the P6 was formed on the fluvial sediments, there were variations in the weathering
indices and AIOs/SiO; ratio. These findings confirmetthe effect of particle sorting in fluvial
sediments on the chemical composition and weathering indices. Hatano et al. (2019) showed that
the grain size greatly affected the chemical compositions of sediments and sedimentary rocks.
Therefore, variation inhie weathering indices possibly reflects the variations in the grain size. On
the other hand, it could be concluded that the grain size variation of sediments might complicate
the evaluation of the degree of chemical weathering; for instance, in sometltadd3s in soil
pedon do not match with the weathering indices.

Conclusion

The current paper characterized the depth distribution of the weathering indices and its relationship
with the presence of LDs in seven pedons occurring under different geaforRefsanjan,
southeast of Iran. The variability of the.8k/SiOz ratio along a vertical profile closely matched

with the depth distribution of the chemical weathering indices and the presence of LDs. According
to our results, the AD3/SiO; ratio and tle chemical weathering indices could be complementary
indicators of the presence of LDs (as a quantitative method). It was also confirmed that most of
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the chemical indices are not only related to the type of the sedirhahtdso to the grain size of

the particles in a given sediment and the sorting effect during the sedimentation process. Thus,
grain size assessment is necessary for the evaluation and interception of the vertical trend of the
weathering indicesespecially where there are sediments with variable grain sizes formed on
different sedimeratry cycles
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