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Figure 1- Location of the Faryab study area in Kerman Province and Iran

Igneous rocks

AF: Alluvial fan; AP: Alluvial plain; LL: Low land; H:Hills

(stgry WS by ySes gy Cudd Cang (51

® P: Pedon no.
M Faryab town

o aalllae GF S 5 SUd 90975 SBCHrEge ol pod dy (Flalllae allaio (glo lgalo (S -Y JSUS
Figure 2- Sattelite image of the study area along with geomorphic positions and the studied pedons
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Figure 3- Some gypsiferous pedofeatures in the studied pedons
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Table 2- The average of physical and chemical properties of the soils of geomorphic units in the study area
o3le - ; Calan o a1 Aw o
Sigpgyaely o 0 pH S & ou S S o a8 r°-’llla o2
Geomorphic  Sand  Clay J5) Gypsum CCE " CEC g5 R -
unit (AR Ly Ml o EC | cmol.. kg™ m(‘f)' st
(el () (ds.m™) © SAR
:;” 769 9.1 7.41 0.36 10.0 333 0.32 7.95 3.34 4.0
aSél by
27 845 6.0 7.42 0.36 11.4 325 0.58 7.8 3.17 4.6
Alluvial fax
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Low land
WS 518 230 762 056 078 3738 2.34 9.84 218 39.7
Alluvial plain
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Table 3- Relative frequency of clay minerals in selected soils under study
ESG I ceew!  clbl oyl Gy Culdll Gl S
Pedon Horizon  Smectite Ilite Chlorite  Vermiculite Kaolinite Palygorskite  Quartz
1 By3 + ++ ++ - + +++ +
3 Btynl ++ +++ ++ - + ++ -
5 2Btyznl ++ ++ + ++ + ++ +
6 Byz +++ ++ ++ + ++ - +
7 2Btn2 ++ ++ ++ - + ++ +
8 Cy3 - +++ ++ + ++ ++ +
9 By2 - +++ ++ - ++ +++ -
10 Ck2 - ++ +++ + + ++ -
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Figure 4- X-Ray diffractograms of the clay fraction, a) P9/By2, b) P3/Btynl c) P8/Cy3, d) P5/2Btyznl, Mg= Mg saturated;

MgE= Mg saturated with Ethylene glycol; K=K saturated; K550=K saturated and heated to 550 °C, Sm: Smectite, V:
Vermiculite, Ch:Chlorite, K:Kaolinite, I: lllite, Pal:Palygorskite
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Figure 5- SEM micrographs of palygorskite fibers on gypsum crystals (a) P1/By3 (b) P8/Cy3
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Table 4- Micromorphological properties of the studied thin sections
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Figure 6- Selected thin section images, a) coating of calcium carbonate carbonate in voids cavities, along with diffused Fe
oxide in soil matrix (P1/Bk), b) Geogenic calcite nodule with solution pits (P2/Bk), ¢) Lenticular gypsum crystals in different

sizes distributed in large voids (P5/Ayz), d) clay skin along challel with lenticular gypsum crystals (P3/Btyn2), e) Large
lenticular gypsum crystal (P5/Btyznl), f) coating of gypsum inside a void (P5/Byz2)
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Introduction: In sustainable agriculture, it is essential to know soil various characteristics for increasing the
soil productivity. The relationship between soil and geomorphology in arid and semi-arid regions has been
considered by many researchers. Faryab plain is located in arid region of Kerman Province and has diversity in
geomorphic positions and parent materials. No previous study has been conducted in this region. Therefore, the
objectives of the present research were 1) to study the genesis and development of soils related to different
geomorphic surfaces in Faryab region, 2) to study the physicochemical properties, clay mineralogy and
micromorphology of soils, and 3) to classify the soils according to Soil Taxonomy (ST) (2014) and World
Reference Base (WRB) (2015) systems and compare them.

Materials and Methods: Faryab region with a mean elevation of 630 m above sea level is located in Kerman
province, south-eastern of Iran. Mean annual rainfall and temperature of the area are 160 mm and 23.8 °C,
respectively. Soil temperature and moisture regimes of the area are thermic and aridic, respectively. From
geological point of view, the studied area is a part of west and south west zones and Flysch zone of east of Iran.
Ten representative pedons on different geomorphic units including hill, alluvil-colluvial fan, alluvial plain, and
lowland were selected, sampled, and described. Routine physicochemical analyses, clay mineralogy, and
micromorphological observations performed on soil samples. Soil pH, texture, electrical conductivity, calcium
carbonate, Na, Ca, Mg, cation exchangeable capacity and gypsum were identified. Eight samples were selected
for clay mineralogy investigations. Four slides including Mg saturated, Mg saturated treated with ethylene
glycol, K saturated, and K saturated heated up to 550 °C were analyzed. A Brucker X-Ray diffractometer at 40
kV and 30 mA was used for XRD analyses. Undisturbed soil samples from some representative pedons were
selected for micromorphological observations. A vestapol resin with stearic acid and cobalt as hardener was used
for soil impregnation. A Lite petrographic microscope was used for micromorphology investigations.

Results and Discussion: The results of the present study indicated that the soils with more evolution were
located on the geomorphic surfaces of the lowland and alluvial plain and the soils with lower development on the
hill and alluvil-colluvial fan. The most important pedogenic processes of the soils were the eluviation of salt,
gypsum, calcium carbonate as well as clay, and the formation of calcic, gypsic, petrogypsic and natric horizons.
The soils of the region were classified using ST as Aridisols with three suborders of Argids, Calcids and Gypsids
and classified according to the WRB as three soil reference groups of Solonetz, Gypsisols and Calcisolos. A new
subgroup of Calcic Natrigypsids is suggested for inclusion to ST for the soils with aridic soil moisture regime
and three horizons of gypsic, calcic and natric. The WRB system, due to its flexibility in the use of principle and
supplementary qualifiers, prepare a better qualification than ST for the soils of the region. According to
mineralogical results, the observed minerals consisted of illite, palygorskite, chlorite, smectite, kaolinite,
vermiculite and quartz. The highest amount of palygorskite was observed in the gypsic horizons of hill and
alluvil-colluvial fan. By moving to the central part of the plain (lowland), the amount of palygorskite was greatly
reduced and the amount of smectite was increased. Two origins of inheritance and transformation (illite and
palygorskite) are suggested for the occurrence of smectite in the soils. Due to the lack of the conditions for the
formation of kaolinite, illite and chlorite, these minerals are inherited from parent materials. SEM observations
suggested a pedogenic pathway for the occurrence of large amounts of palygorskite in the soils of the region.
Calcareous and gypsiferous media seems to prepare a favorite environment for the pedogenic formation and
stabilizing of this mineral in the studied soils. Coating and infilling of gypsum and calcite crystals in voids and
channels, clay coating along chanels as well as Fe and Mn oxide nodules were among the common pedofeatures
observed in the thin sections of the studied soils. Occurrence of variable habits of gypsum crystals in different
geomorphic surfaces suggested a dynamic soil environment. Larger lenticular gypsum crystals were found in the
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soils with lighter texture located on more stable geomorphic surfaces.

Conclusion: Different geomorphic situations in the region affected the development and evolution,
physicochemical properties, clay mineralogy, micromorphology and soil classification and caused the
differences in these characteristics in the Faryab region.
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