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Abstract

Introduction: Landscape represents a large portion of land/terrain that is either formed by a
repetition of similar or dissimilar relief/molding types or an association of dissimilar
relief/molding types (e.g., valley, piedmont, mountain, etc.). It is usually affected by a set of
natural (e.g., climate, organisms, parent material, topography, time, erosion, sedimentation, etc.)
and/or artificial (e.g., artifacts) factors. Soil is one of the most important components of
landscape that is affected by various factors such as water and wind. Aeolian or alluvial
sediments (from seasonal rivers) in arid areas cause the formation of different landforms and
change the landscapes in these areas. Therefore, the study of geoforms in arid regions can lead to
a better understanding of geomorphological processes and soil change in these areas. There are
various methods, including soil micromorphology and clay mineralogy, to understand the
alteration of landscapes and the soils change on them. The aim of this study was to investigate the
physical and chemical properties, clay mineralogy and micromorphology of soils in various
geomorphic units of Davaran Region, Rafsanjan.

Materials and Methods: Seven dominant geomorphic units (geoforms) of the region, including
pediment, margin of fan and cultivated clay flat, alluvial fan, desert pavement, margin of
pediment and sand sheet, active drainage, margin of fan and uncultivated clay flat were selected
using Google Earth images and field studies. Nineteen pedons were excavated and described in
the geomorphic units. After selecting a representative pedon in each of the geoforms, their
genetic horizons were sampled. Besides, in order to conduct soil micromorphology studies,
undisterbed and oriented samples were collected from selected horizons. After transferring the
samples to the laboratory, their physical and chemical properties were measured using standard
methods. In addition, clay mineralogy studies were performed by X-ray diffraction method and
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micromorphological studies were done using a petrographic microscope. Finally, soil
classification was performed based on both Soil Taxonomy (2014) and WRB (2015) systems.
Results and Discussion: Results showed that gypsification and calcification are the dominant
soil forming processes in the studied region, which have led to the formation of Gypsic and
Calcic horizons. This has placed the soils in the Gypsids and Calcids suborders based on the Soil
Taxonomy system and the Gypsisols and Calcisols reference soil groups according to WRB
system. The representative pedon in the margin of fan and cultivated clay flat (pedon 2) geoform
lacks a salic horizon based on the Soil Taxonomy; while it is in the Solonchak reference soil
group of the WRB. Also, the presence of argillic horizon in the representative pedon of the
margin of fan and uncultivated clay flat geoform (pedon 7) indicates presence of a more humid
paleoclimate in the history of the region. The results of clay mineralogy showed that the
predominant minerals in the region include chlorite, illite, kaolinite, and smectite. The illite,
chlorite, and kaolinite are inherited from papent materials of the soils, and the smectite has a
transformation origin (from palygorskite and illite). Addition of this mineral by aeolian or
alluvial sediments could not also be neglected. The micromorphological results indicated that the
soil pores were mainly chamber. The presence of carbonates and gypsum in the studied soils has
caused that the b-fabric in the most horizons to be Calcitic Gypsic Crystallitic. Gypsum was
observed in the form of vermicular, lenticular, interlocked gypsum plates and subhedral shapes.
Other pedofeatures in the studied soils include calcite nodule and limestone.

Conclusion: The simultaneous presence of aeolian and alluvial sediments in the different
geoforms of Davaran region has caused the formation of stratified soils. Existence of dry climate
and lack of significant vegetation in the region from one hand, and the addition of different
sedimentary layers at different times (which causes soil rejuvination) on the other hand, has
caused that the soils of the region, in general, not to be highly developed. As a result, few
differences were observed among soils in different geoforms. Comparing the results of two soil
classification systems for the studied soils showed that in general there is a relatively good
correlation between them. Totally, the role of climate and parent material in alteration of the
studied soils is evident; so that the physical and chemical properties, clay mineralogy and
micromorphology of soils in different geoforms have been affected.
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P2: Margin of fan and cultivated clay flat (sisciS ) 4 5 4S61b g us Lol st>)

lo lo Sg 75YR5/2  75YR5/2 As Aeolian 0-30 C

fr sh 1fsbk 10YR 5/2 10YR 6/2 Cw Alluviall 30-60 2Bky

fi mh M 10YR 5/2 10YR5/2 As Alluviall 60-140 2C1 2
fr sh Sg 10YR 5/2 10YR5/2 Cs Alluviall 140-160 2C2

fi mh 1fsbk 10YR 6/3 10YR 4/4 - Aeolian 160-205 3Btn

P3: Alluvial fan (<3155 5

lo lo Sg 10YR 5/3 10YR 6/4 Cs Aeolian 0-25 C
Vfi sh 1fsbk 10YR 6/3 10YR 7/4 CwW Alluviall 25-60 2Bk
Vfi sh Sg 10YR 6/3 10YR 7/4 CS Aeolian 60-110 3By 3
fi mh M 10YR 5/3 10YR 6/4 CS Alluviall 110-130 4C1

fi mh M 10YR 5/3 10YR 6/4 - Alluviall 130-175 4C2

P4: Desert pavement ((_ K, css) bl b peSen)

lo lo Sg 10YR 5/3 10YR 6/4 CS Aeolian 0-20 C

Vfi sh 1fsbk 75YR5/3 7.5YR6/4 AS Alluviall 20-50 2Bw

Vfi sh 1fshk 10YR 5/3 10YR 7/4 AS Aeolian 50-105 3Bky 4
fi mh Sg 10YR 5/3 10YR 6/4 AS Aeolian 105-125 3Ck

fi mh Sg 10YR 5/3 10YR 7/4 CW Alluviall 125-180 4CByn

vfi h M 10YR 6/3 10YR 8/3 - Alluviall 180-220 4Cyn

P5: Margin of pediment and sand sheet (2 ag 5 iy Lowlgi>)

lo lo Sg 10YR 5/3 10YR 6/4 AS Aeolian 0-15 C

lo lo Sg 10YR 4/3 10YR 5/4 AS Aeolian 15-45 CBk

lo lo Sg 10YR 5/3 10YR 6/4 AS Aeolian 45-60 Ck

lo lo Sg 10YR 5/3 10YR 6/4 AW Alluviall 60-75 2C1

lo lo Sg 10YR 5/3 7.5YR 6/4 AW Alluviall 75-95 2C2

lo lo Sg 10YR 5/3 10YR 6/4 AW Aeolian 95-105 3C3 5
lo lo Sg 10YR 4/3 10YR 5/4 AW Aeolian 105-115 3C4

lo lo Sg 10YR 5/3 10YR 6/4 AW Aeolian 115-125 3C5

lo lo Sg 10YR 5/3 10YR 6/4 AW Alluviall 125-140 4Ck

fi sh 1fabk 10YR 6/3 10YR 7/4 - Alluviall 140-215 4Bkyn

P6: Active drainage (Jw :5s3)

Vfi sh M 10YR 5/3 10YR 6/4 AS Alluviall 0-55 C1

Vfi sh M 10YR 5/3 10YR 6/4 AS Alluviall 55-85 Cc2 6
il mh M 10YR 5/3 10YR 6/4 - Alluviall 85-200 C3

P7: Margin of fan and uncultivated clay flat (euisc i o) ag 5 S61L 5 s Loulgts)

lo lo Sg 10YR 6/4 10YR 7/4 AS Aeolian 0-60 C

fi mh 1fshk 10YR 5/3 10YR 6/4 AS Alluviall 60-100 2Bwbl

fi mh 2fshk 10YR 5/3 10YR 6/4 AS Alluviall 100-140 2Bwb2

fi mh 1msbk 10YR 6/3 10YR 7/4 AW Alluviall 140-200 2Bzb ;
fi mh 1fsbk 10YR5/3 10YR 6/4 AS Aeolian 200-250 3Bwb1

fi mh 2fshk 10YR 5/3 10YR 6/4 AS Aeolian 250-310 3Bwb2

fi mh 2msbk 10YR 5/3 10YR 6/4 AS Aeolian 310-350 3Btb

fi mh 1fsbk 10YR 5/3 10YR 6/4 - Alluviall 350-390 4Bwb

* The symbols are based on Schoenberger et al. (2012)
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Table (3) Some of the most important physical and chemical properties of studied pedons in different geoforms

Sy Ol 3 . _ -3l ) o leds
, CEC s o & — R IR o 3 S
</.> emol)  gar =% T Gypsum EC, pH % sand sil Clay <" Horizon Ed

Coarse 1 CCE oOC asmo Texture edon

£ kg Depth no
ragments :

(%) ) ) (cm)

P1: Pediment (<)

0 1.27 3 0.01 0 1.94 7.64 LS 866 94 4 0-70 C

10 7.80 145 0.01 8.9 2.89 7.78 LS 858 5.7 8.5 70-105 2Cky 1

3 - 1524 125 0.01 0 4.20 8.09 S 89.24 6.5 3.4 105-200 3Cn

P2 : Margin of fan and cultivated clay flat (susciS ) ag 5 4S61b s e Loul gt>)

10 - 3.39 125 0.23 0 16.08 7.29 L 475 32 20.5 0-30 C

5 9 2.31 175 0.07 1.8 18.20 7.68 SiL 275 56 16.5 30-60 2Bky

7 7 1.94 12 0.06 0 22.90 7.69 SiL 30 545 155  60-140 2C1

20 3.28 2.6 0.05 0 12.84 7.58 SiL 48.5 52 195  140-160 2C2 2

10 - 17.89 10 0.02 0 16.20 7.82 L 445 29 26.5 160-205 3Btn

P3 : Alluvial fan (<15 5.)

2 - 3.48 2.7 0.01 0.68 7.80 SL 68.5 21 10.5 0-25 C

30 8 2.81 30 0.01 2.64 7.62 SCL 63.3 107 265 25-60 2Bk

25 5 4.99 20 0.01 2.3 6.16 7.5 SCL 727 101 205  60-110 3By

90 - 7.91 18.5 0.01 14 7.04 8.20 LS 823 93 85  110-130 4C1 3

75 - 5.99 16.4 0.01 0 6.23 7.66 LS 85 9 6 130-175 4C2

o) (s (e o) oECCD) S 44770 L2 970 Al

AL



P4 : Desert pavement (( &, cs) bl 5 5e&en)

10 - 0.93 7 0.05 0 0.12 8.00 LS 85.5 4 10.5 0-20 Cc
20 11 3.74 12.5 0.05 11 8.06 SCL 73 22 20-50 2Bw
30 3 2.44 325 0.04 14 10.66 7.76 SL 735 16 10.5 50-105 3Bky
80 - 4.86 9 0.04 0 9.60 8.24 SL 775 12 105 105-125 3Ck
85 - 13.86 9 0.03 55 6.67 8.00 SL 695 245 6 125-180  4CByn
40 - 15.03 7.5 0.03 6.3 10.98 7.97 SL 75.5 16 8.5 180-220 4Cyn
P5: Margin of pediment and sand sheet (& 4 5 cony Laulsi>)

0 - 2.20 25 0.01 0 0.09 7.82 S 935 2 45 0-15 c
55 - 6.19 26 0.09 0 221 7.81 SL 75.5 12 12.5 15-45 CBk
75 - 10.14 5 0.05 0 3.65 7.90 S 885 6.25 525 45-60 Ck

5 - 7.84 15 0.04 0 213 8.09 S 9.80 47 45 60-75 2C1
60 - 9.80 12.5 0.03 0 2.23 8.38 S 9140 4.5 4.1 75-95 2C2
5 - 7.68 16 0.03 0 2.12 8.42 S 89.5 6 45 95-105 3C3
10 - 5.14 275 0.02 0 5.45 8.20 S 89 7.4 3.6 105-115 3C4
20 - 1.67 26.5 0.01 0 5.65 8.13 S 88.90 7.1 4 115-125 3C5
45 - 1.40 24.5 0.01 0 5.74 8.02 LS 80 15 5 125-140 4Ck
40 - 16.33 15 0.01 4.4 8.78 8.78 LS 77 18 5 140-215  4Bkyn

P6 : Active drainage (Jws _:5s5)
80 3 1.25 225 0.05 0 1.59 7.88 SL 735 20 6.5 0-55 C1
85 1 244 18 0.01 0 1.18 7.85 LS 7954 15 55 55-85 Cc2
90 2 6.63 15 0.04 0 6.64 7.77 LS 80.54 12 7.5 85-200 C3
P7 : Margin of fan and uncultivated clay flat (sizicis” o) g 5 a1 b5 5un Lol s>)

0 3 2.03 7.5 0.01 0 2 8.33 SL 79.5 11 9.5 0-60 Cc
60 30 3.39 20 0.03 0 20.70 7.67 C 335 18 48.5 60-100 2Bwbl
55 - 6.01 275 0.02 0 23.40 7.32 C 3125 17 5175 100-140 2Bwh2
55 - 4.13 10 0.02 0 63.20 7.83 Cc 29.5 20 50.5  140-200 2Bzb
60 - 4.42 28.5 0.02 0 18.80 7.68 C 255 18 56.5 200-250 3Bwbl
50 - 3.78 22.5 0.01 0 16.80 7.92 Cc 25 20 55 250-310  3Bwb2
60 - 1.16 18.5 0.02 0 17.42 7.13 C 155 125 72 310-350 3Btb
65 - 1.49 25 0.01 0 19.15 7.23 Cc 18 26 56 350-390  4Bwb
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Table (4) Classification of the studied pedons based on the Soil Taxonomy (2014) and WRB (2015)

systems
ol
(V) S8 T (gutes, (Y10) Slgr cnanb ErS
Soil Taxonomy (2014) WRB (2015) Pedon
no.
. . . . . Haplic Gypsisols (Arenic, Aridic, Hypogypsic,
Sandy, mixed, thermic Typic Calcigypsids Raptic, Protosodic) 1
Coarse-lomay, mixed, active, thermic Typic Calcic Solonchaks (Aridic, Calcaric, Loamic, 2
Natrargids Raptic)
Flne—loam_y, mixed, subactive, thermic Typic Haplic Calcisols (Aridic, Fluvic, Loamic, Raptic) 3
Haplocalcids
Coarse-loamy, mixed, active, thermic Typic Cambic Calcisols (Fluvic, Loamic, Raptic, 4
Haplocalcids Yermic)
Sandy-skeletal, mixed, thermic Typic Skeletic Calcisols (Arenic, Aridic, Fluvic, Raptic, 5
Haplocalcids Protosodic)
Loamy-skelgtal, m'.XEd’ subactive, calcareous, Calcaric Skeletic Pantofluvic Fluvisols (Arenic) 6
thermic Typic Torrifluvents
Coarse-silty mixed. semiactive. thermic Calcaric Protic Regosols (Aeolic, Aridic,
Y, ’ ' Loamic) over Protosodic Solonchaks (Aridic, 7

Typic Torriorthents

Calcaric, Clayic, Raptic, Hypersalic, Skeletic)
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3 -Porphyric

4- Calcitic Gypsic Crystallitic
5- Pedofeatures

6- Vermicular

7- Lenticular

8- Interlocked gypsum plates
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Figure (2) X-ray diffractogram of clay fraction of some horizons of the studied pedons
(mg= sample saturated with magnesium, mgeg= sample saturated with magnesium and ethylene
glycol, k= sample saturated with potassium, and k550= sample saturated with potassium after
heating to 550 °C)
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Table (5) Peak changes of first-order clay minerals of the studied soil profiles in different treatments
based on Angstrom
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Table (5) Some of the most important micromorphological characteristics of the studied horizons
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