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Abstract:  

We studied mineral and deposition records in a dry lake playa, Sabzevar, northeastern, Iran. 

For sampling soil and depositional records, 12 samples were taken along Playa surfaces 

including firm puffy ground, clay-carbonate plain, and salty pan with the dominance of Halite 

salts. All profiles were excavated by hand auger with a 5 cm diameter head to a depth of ~5 

cm. Sediment analysis was carried out through soil physicochemical properties and 

XRD/XRF were done for mineralogy. According to the XRF results, main minerals of 

quartzite and calcite are observed over the playa. After XRD results, the major minerals in 

the sediments were categorized as quartzite, halite, calcite, and gypsum. Afterward, the 

minerals of halite, calcite, gypsum indicate dominant evaporate process. Enrichment of 

evaporate minerals on the surface grounds are an evidence of a variation hydrostatic level of 

Sabzevar playa, which can be a signal for a wet lake in the past and dried one in the present 

day. 
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1. Introduction 

Geomorphological knowledge of the arid and semi-arid regions has greatly improved in 

recent years. For instance, the sedimentology, topography and geomorphology of shoreline, 

fluvial and aeolian sediments has been used to investigate dry playa lakes in arid centre of 

Australia by a broad of authors (DeVogel et al. 2004, Magee et al. 2004, Leon and Cohen 

2012, Cohen et al. 2015, May et al. 2015). However, the  

geomorphologic exploration of dry lake playas’ sedimentary data has not been studied 

extensively due to its multidisciplinary nature. The present study was aimed to investigate the 

geomorphic process in an arid region using sedimentary records and mineral compositions, 

which can represent the evidence of regional responses to climate change during the 

Quaternary period. For this purpose, a dry lake place named as Sabzevar playa was chosen to 

study in central Iran. 

 

2. Materials and methods 

2.1. Study area 

Sabzevar dry lake has been categorized as a typical playa in central Iran (Kearey 2009). On 

this basis, Sabzevar playa, which is located in the eastern great Kavir basin, was chosen as 

the study area with total surface area of about 2648 Km2 between latitude 35°55'00''–

36°25'00'' N and longitude 56°15'00''–57°45'00'' E (Fig. 1). The topographical elevation 

values of the study area vary between 750 and 900 m above sea level (a.s.l). The study area 

has a semi-arid climate with annual precipitation of 150–200 mm and annual temperature of 

16–17 °C in the period of 1950–2000 (Hijmans et al. 2005).  

 



 

 

 

 
Fig. 1: General position of the study area in great Kavir basin, central Iran 

 

2.3. Methodology 

Geological investigation of the study area was based on four sheets at the 1:100,000 scale 

(GSI 2005). Based on a set of digital elevation model data scaled at ~10 m pixel size 

topographical elevation data were carried out in ArcGIS (GSI 2016). Sampling profiles were 

documented at 12 locations on different surfaces. All profiles were excavated by hand auger 

with a 5 cm diameter head to a depth of ~5 cm. All sampling profiles were measured in the 

field with regard to texture, chemical precipitates such as gypsum, carbonate, and the 

occurrence of other sedimentary structures in same way proposed by May et al. (2015). X-ray 

Fluorescence (XRF) was used to analyze of major element oxides and trace element 

concentrations after the standard analytical procedures of Kramar (1997). Mineral 

composition of profiles was determined by X-ray diffraction (XRD) after Sinha (2006). 

Geochemical composition was determined separately for soil characteristic regarding EC, and 

pH through various analytical techniques at the laboratory of Natural Resources and 

Environment College of Ferdowsi University of Mashhad.  

3. Result and Discussion 

3.1. Physicochemical properties  

Based on a set of fieldwork observations during the dry season of 2016 and for sampling soil 

and depositional records, 12 samples were taken along Playa surfaces including firm puffy 

ground, clay-carbonate plain, and salty pan with the dominance of Halite salts. The general 

position of three major geomorphologic landforms and location of profiles was represented in 

Fig 2 and general vision of aforementioned landforms was seen in Fig. 3. All physiochemical 

properties of EC, pH, CaCo3, and soil graining analysis are shown in Table 1. According to 

the Table 1, EC, pH, and CaCo3 contents in profile 207 (as an indicator auger in puffy 

ground), 286 (as an indicator auger in clay ground), and 290 (as an indicator auger in salt 

crust) were estimated equal 0.21, 18.40, and 33.66 dS/m, 10.40, 9.23, and 9.13 and 30, 29, 

and 21 %, respectively. Hence, the surface of variation of EC has a great gradient from puffy 

ground to salt crusts, while other chemical components have same variations over the playa. 



 

 

 

Based on graining analysis, all profiles represented overall sandy texture for playa’s soil 

indicating osmosis penetration of ground waters in sediment surface and formation of puffy 

or salt crust geomorphology. The large pore spaces in profiles are interfered to create of 

lenticular structures. Owliaie et al. (2006) and Farpoor et al. (2012) in the playas of Iran have 

reported a similar mechanism. 

 

 

 
Fig. 2: General position of landforms and location of profiles 

 

 

 

 

 



 

 

 

 
Fig. 3: General vision of landforms consisted of puffy grounds (A), fine clay grounds and embary Nebkha (B), 

physical carbonate crust (C), and salt crusts, Takir (D) 

 

Table 1: Physiochemical properties of profiles 

No. 
Profile 

ID  

EC 

(dS/m) 
pH 

CCE 

(%) 

1 207 0.21 10.40 30 

2 210 4.06 8.45 20 

3 223 71.34 7.64 24 

4 233 8.85 8.18 28 

5 247 37.24 9.39 14 

6 266 9.13 9.21 33 

7 277 14.14 8.42 28 

8 281 30.77 8.17 22 

9 286 18.40 9.43 29 

10 290 33.66 9.13 21 

11 294 23.47 9.25 32 

12 320 26.81 8.11 26 

 
 

 

3.2. Geochemical properties  

Based on the geochemical results of XRF about 12 components were extracted from profiles 

as shown in Table 2. According to the table 2, the most compositions were demonstrated 

averagely as SiO2, Al2O3, CaO, and MgO with mean values 42.82, 9.12, 9.07 and 8.68 %, 

respectively. On this basis, the main mineral of quartzite is observed in whole playa. After 

XRD results, the major minerals in the sediments were categorized as quartzite, halite, 

calcite, and gypsum (Table 3). Quartzite as a main clay mineral in modern sediments relates 

to the climate and weathering pattern of the source area (Rahimpour–Bonab and Abdi 2012). 

In all profiles, amount of quartzite is seen with mean value of 34%. Afterward, the minerals 

of halite, calcite, gypsum indicate dominant evaporate process. In this regard, the mean 

values of mentioned three minerals have been recorded as 27%, 25%, and 20% in the most 

profiles. The most calcite mineralogy was observed in profile 210 over the fine clay grounds, 



 

 

 

however, the most gypsum mineralogy was observed in profile 294 over the salt crusts 

agreeing geomorphologic definition of fieldwork. 

 

Table 2: Chemical compositions of samples by XRF (%) 

 
 

Table 3: Mineralogy of profiles by XRD (%) 

 
 

4. Conclusion  

All physiochemical properties of EC, pH, CaCo3, and soil graining analysis was investigated 

through profiles. On this basis, high concentrations of EC (>48 dS/m), CaCo3 (>27 %), and 

pH (>9) are observed in southern, eastern and western playa’s grounds. Aforementioned 

consequence is corresponded to detect of playa’s three major geomorphologic landforms in 

fieldwork observation. According to XRF, the main minerals of quartzite and calcite are 

observed in whole playa. After XRD results, the major minerals in the sediments were 

categorized as quartzite, halite, calcite, and gypsum. Afterward, the minerals of halite, calcite, 

gypsum indicate dominant evaporate process. In this regard, the mean values of mentioned 

three minerals have been recorded as 27%, 25% and 20% in the most profiles. As well as, It 

seems a modern deposition pattern of carbonates and chloride in eastern and western parts of 

the playa, respectively. Nevertheless, central playa shows the grounds without alkaline 

condition and carbonate deposition because marginal wind-borne deposits and sand dunes 



 

 

 

have affected it dominantly. Enrichment of evaporate minerals on the surface grounds are an 

evidence of a variation hydrostatic level of Sabzevar playa, which can be a signal for a wet 

lake in the past and dried one in the present day. 
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