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Extended Abstract
Introduction

Vesicular horizons are common on the surface of landforms in arid regions and play an important
role in the hydrological properties and pedogenic processes in these areas. Vesicular pores are a
characteristic feature of vesicular horizons and include separate pores with spherical to elliptical
shapes and dimensions of micrometers to millimeters in diameter (Dietze et al., 2012). The eastern
region of Isfahan located in the eastern part of the Zayandehroud River basin is affected by
environmental disasters due to severe environmental drought, destructive human activities, and
desertification processes. Although vesicular horizons are frequent in the soils and landforms of the
eastern region of Isfahan (Bayat et al., 2018), there is no information about the geochemical and
mineralogical properties of these horizons. The aim of the present study was to investigate the
physical, chemical, geochemical, and mineralogical properties of vesicular horizons at different
elevation levels of three landforms in the eastern region of Isfahan.
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Materials and Methods

The study area is located in the center of Iran, east of Isfahan and around Segzi Playa. According to
the meteorological stations of the region, the mean annual precipitation and temperature are about 107
mm and roughly 15 °C, respectively. Groundwater in piedmonts and plateaus of the region is deep and
there are no signs of groundwater activity in the studied soils and landforms. The studied landforms
include a remnant paleosurface across the Zayandehroud River (RP), a pediment in Jey industrial city
(JP), and an alluvial fan near the Zefreh (ZA). Seven samples of vesicular horizons were taken from
vesicular horizons in RP (at altitudes of 1542 and 1552 m), ZA (altitudes of 1623, 1764, and 1901 m),
and JP (at altitudes of 1542 and 1557 m) landforms. The samples were described according to
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Schoenberger (2012) and analyzed regarding standard methods (Soukup et al., 2008; Soil Survey
Staff, 2014).

Results and Discussion

The thickness of the studied vesicular horizons varied in the range of 3-6 cm, and on the alluvial
fan, the thickness of the horizon increases with increasing the elevation. The chemical properties of
the studied samples indicated very low electrical conductivity and organic carbon content and were
similar to vesicular horizons in the Mojave Desert of California (McFadden et al., 1998). The particle
size distribution indicated the predominance of sand particles in all samples and all samples were
characterized by a bimodal distribution of particle sizes suggesting the contribution of at least two
mechanisms in the transfer of particles to the studied vesicular horizons (Karimi et al., 2017; Sweeney
et al., 2013). Mineralogical analysis of the samples showed the predominance of quartz and calcite in
all samples and varied concerning the presence of mica and fibrous minerals. It seems that quartz is
inherited from the parent material while calcite and mica minerals originated from the parent material
and were also added by the wind. Fibrous minerals were probably of autogenic origin. The
geochemical properties of the samples were consistent with the mineralogical results and showed the
abundance of SiO, and CaO in all samples. Among the trace elements, the highest abundance is
observed in the strontium, which is due to the association of this element with carbonates (Ding et al.,
2019). A comparison of geochemical properties of vesicular horizons with associated rocks showed
the enrichment of SO; and CaO relative to corresponding parent material indicating the addition of
soluble ions, carbonates, and especially gypsum to the surface of the studied landforms. The Zr/Al
ratio showed an increasing trend with increasing the silt content which proved the aeolian source of
the silt particles as previous studies have shown a very strong correlation between aeolian sediments
and the element zirconium (e.g., Waroszewski et al., 2018).

Conclusions

Increasing the amount of silt and the ratio of fine-grained particles to sand with increasing the
elevation indicated the role of aeolian processes in adding fine-grained particles to the surfaces of
different landforms of eastern Isfahan. Mineralogical and geochemical evidence also confirms the
effect of dust on the formation of these horizons, so that the addition of mica minerals along with silt
particles has occurred at higher altitudes. The geochemical study of vesicular horizons and application
of Zr/Al ratios show that the composition of past and current dust in eastern Isfahan was the origin of
dust for different landforms of the region is the same.

Finally, the existence of developed vesicular horizons in the surfaces of the landforms of the region
demonstrates long-term processes of wind erosion and dust influx into the soils. These natural
processes are probably intensified by anthropogenic activities in recent years.
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Table 1. The geographic and environmental characteristics of the sampling points of vesicular
horizon in eastern Isfahan
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Remnant paleosurfacests 3l .15 7 s
RP1 52 06 14E | 3226 31N 1542 Remnant of Coarse gravelly alluvial
gravelly alluvial denosits
RP2 52 1155E | 3224 19N 1552 paleosurface P
Zefreh alluvial fan. ;5 &sGib 5 5.
Alluvial fan cretaceous igneous
ZA2 53 1335E | 324858N 1764 rocks
ZA3 52 15 06E 32 52 25N 1901
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JP2 5151 04E | 324059N 1557
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Fig. 2. Desert pavement on the Zefreh alluvial fan (right-side image) with sparse vegetation;
The vesicular horizon beneath the desert pavement (left-side image)
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Table 2. Selected physical and chemical properties of the studied vesicular horizons
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Sample < pH (Si+C)/s | Clay | Silt | Sand | Gravel | sl carbon EC
code | Thickness Texture CCE
(cm) —
% dS/m
sl 3l o5 ~ sl ReMNaNt paleosurface
RP1 4 7.5 SL 0.57 7.8 | 28.8 | 635 53 40.3 0.27 15
RP2 > 7.7 L 11 8.6 | 443 | 477 38 40.5 0.11 9
053 &SIk 5 e Zefreh alluvial fan
ZAl 3 7.1 SL 0.38 78 1201 | 721 23 24.1 0.13 2.2
ZA2 5 7.3 SL 0.40 35 | 254 | 711 32 22 0.13 0.2
ZA3 6 7.8 SL 0.52 4.2 | 30.2 | 56.6 18 22.3 0.15 0.2
Jey pediment > xo S ei Coads
JP1 6 8 SL 0.55 74 | 283 | 643 53 56.5 0.23 0.2
JP2 5 7.9 SL 0.67 5.6 | 348 | 59.6 50 54.8 0.23 0.9
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Fig. 3. Frequency histograms (top images) cumulative curves of particle size distribution of the
studied vesicular horizons; C: Clay, FSi: Fine silt, MSi: Medium silt, CSi: Coarse silt, VFS: Very fine
sand, Fs: Fine sand, MS: Medium sand, CS: Coarse sand, VCS: Very coarse sand
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Table 3. Pores diameter frequency vesicular horizon index (VHI) of the studied vesicular horizons;
M: Many, C: Common, F: Few

. 0 e 8l o Ble Lo g AL NSss Gl el
R
ta ko V31 to Jea ¥ 1) : LY
Sample code Gragskee V51 2eS) (oo ) (oo 0 BY) VHI
Remnant paleosurface.te 3L 15 # o
RP1 M C F 2.18
RP2 - - - -
Zefreh alluvial fan. ;; &sslb 5 5.
ZAl F C - 0.81
ZA2 M C - 1.81
ZA3 F M M 3.27
Jey pediment > o S el ciasdy
JP1 F F - 1.26
JP2 M M C 3.18
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Fig. 4. XRD diffractograms of powdery samples of vesicular horizons; Cal: Calcite, Bt: Biotite, Qz:
Quartz, Ms: Muscuvite, Kin: Kaolinite, Sep: Sepiolite, Plg: Palygorskite
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Table 4. The kind and amount of minerals in the studied vesicular horizons

S B -
;”’“ o| E | s & okl | S | e | CSes S| S | calsls
2(%%6 Quartz Calcite | Gypsum | Anhydrite | Biotite | Muscovite | Palygorskite | Sepiolite | Kaolinite
skl 3l o8 - suRemnant paleosurface
RP1 XXX XXXX n.d. tr XX n.d. XX n.d. n.d.
RP2 XXX XXXXX n.d. n.d. n.d. XX n.d. n.d. n.d.
o by 1k 5 ~eZefreh alluvial fan
ZAL | XXXXX | XXX XX n.d. n.d. n.d. n.d. XX n.d.
ZA2 XXXX XXX n.d. n.d. n.d. XXX n.d. n.d. n.d.
ZA3 XXXXX XXX n.d. n.d. X XX n.d. n.d. n.d.
Jey pediment > v S e oy
JP1 XXX XXXX n.d. n.d. XX n.d. n.d XX n.d.
JP2 XXX XXXX n.d. n.d. XX XX n.d. n.d. XX
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Table 5. Concentration of major and trace elements in the vesicular horizons and associated coarse

fragments
s | e . . ZrIAL0;
4 gl SiO, | AlLO; | Fe,03 | CaO | MgO | Na20 | K20 | TiO, | P,Os SO3 LOI Co Cr | Ni Sr \% Zr (x10°)
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code % mg kg™
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Fig. 5. Vesicular pores in a) RP1, b) ZA1, ¢) ZA3 and d) JP2 samples; Note the expansion of pores
and their larger size in the ZA3 and JP2 samples
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Fig. 6. Comparison of immobile elements in vesicular horizons in the studied landforms and
associated coarse fragments (CF)
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