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Introduction
The study of the soil cover and soil geochemical pattern in the young lagoon-marsh environments is of great interest in terms of soil cover evolution. The evolution of recent soilscapes formed at Caspian Sea coast were studied on the example of the sandy (coarse-textured) deposits (Gennadiev et al., 1998; Kasimov et al., 2012; 2016). There, the main trend in the development of soil cover during the retreat of the sea and deepening of the groundwater table was a formation of a uniform soil cover with Endosalic Arenosols and Solonchaks. Such a pattern is typical for light sediments and relatively steep shores of the Caspian Sea near the mountains (high energy environments). In recent sandy soilscapes, during the first two thousand years after drying, iron and heavy metals accumulate in soils due to the activation of sulfate reduction and oxidation processes.
On the loamy-clay deposits (low energy environments) at the young coastal plains of the Caspian Sea, the geochemical features of soils and soilscapes are poorly studied.  In this paper, we provide preliminary results on the content of 18 chemical elements (Ca, Al, Si, P, K, Mg, Mn, Fe, Ti, V, Cr, Co, Ni, Cu, Zn, Pb, Sr, As) in recent soils on fine-textured deposits at the Caspian Sea coast in Iran and Russia. The aim of the study is to evaluate the spatial differentiation (vertically and horizontally) between different pits located at different positions of microtopography of recent soils formed less than 300 years ago.
Methodology

For two key sites at the Caspian Sea coast (Table 1) located at the similar altitudes (about –25.5 m below the Baltic sea level) and subjected to the recent sea level changes of the Caspian Sea, where the spatial distribution of salinity and pH values (Table 2) were studied in detail (Konyuskova et al., 2018), we analyzed the total content of 18 ChEs in 4 soil pits. The age of the Iranian key site (Golestan) is about 60–70 years and of the Russian key site (Dagestan) is 150–300 calBP.
These key sites were selected according to the following requirements: i. no evidence of aeolian, alluvial or deltaic topography of the landforms; ii. location behind the border of the last Caspian Sea transgression occurred in the 1990s, iii. the loamy or clayey texture of parent material. The Golestan study area of 35×20 m is almost perfectly flat: relative elevations were 4–6 cm. In the Dagestan study area of 45×30 m, microhighs 5–10 cm high and 0.5 to 5–10 m in diameter occur (Konyuskova et al., 2018).
Table 1. Selected features of the key sites
	Key site
	Coordinates
	a.s.l., m
	Temperature, °C*
	Annual precipitation, mm*
	Climate** 
	Plant cover***

	
	N
	E
	
	January
	July
	
	
	

	Golestan (Iran)
	37.1754
	54.0677
	–25.2
	+8.4
	+29.1
	330
	BSh
	Halocnemum strobilaceum 

	Dagestan (Russia)
	44.5529
	46.6769
	–25.8
	–3.3
	+25.9
	290
	BSk
	Tamarix-petrosymonia-frankenia-puccinellia


* CGIAR WorldClim; ** (Kottek et al., 2006); *** (Konyushkova et al., 2018). BSk - cold semi-arid climate, BSh - hot semi-arid climate.
Table 2. Geochemical features of the recent soils studied (Konyushkova et al., 2018)
	Key site
	Depth to

water table, m
	Ground water 
TDS*, g/l 
	Predominant
 ions
	EC, dSm/m

	
	
	
	
	0 – 5
	70 – 100

	Golestan (Iran)
	2.3
	100
	Na+, Mg2+, Cl–, SO42–
	12.0±6.0
	11.8±2.0

	Dagestan (Russia)
	2.3–2.8
	44–48
	Na+, Cl–
	11.7±8.6
	11.1±1.3


*Total dissolved salts, ЕС (electrical conductivity) in water solution (1 : 2.5 soil-to-water ratio)
In 48 soil samples, total contents of 18 ChEs were measured using a Spectro-scan Max-GV X-Ray fluorescence spectrometer (made in Russia) and a Russian Soil Standard sample. In 30 samples out of 48, the measurements were performed in two replicates.

We compared ChEs’ content to mean concentration within the upper part of the continental earth’s crust (UCEC) (Grigoriev, 2009). We assessed the degree of substrate transformation as a result of soil forming using chemical weathering indexes: R (Ruxton, 1968), PWI (Souri et al., 2006), Si/R, Si/Fe (Birkland, 1999), WI-1 and WI-2 (Darmody et al., 2005).
The differences in the elemental composition of the recent soils of the two key sites, as well as topsoil (0–70 cm) and subsoil (> 70 cm) within the same area, was assessed using a Mann-Whitney U test. Spatial redistribution of the ChEs’ total content was evaluated by Wilcoxon signed rank test.
Results

For most of the elements, the results were satisfactory (their changes were in a normal range) except for As and Pb, which their contents were close to the lower detection limit of the 0.2 mg/kg, and in many cases relative deviation exceeded 10% (Table 2).

According to the majority of chemical weathering indexes calculated, the recent soils in Dagestan are significantly more weathered than the soils in Golestan except for WI-1 and WI-2 indices which were almost similar for recent soils in Dagestan and Golestan.

The recent soils studied contain more Co and Cu and less Al and Pb than UCEC (Figure 1). Comparing the two key sites, it can be seen that the topsoil at the Dagestan coast is enriched with Cr, Si, Zn, Ni, K, V and depleted in Ca, Sr, Cu, Mg, and Pb. The revealed differentiation is due to differences in climate conditions of the two key sites. This is confirmed by the fact that the subsoil of recent soils studied is less different in elemental composition: significant differences were found only for Ca, Cu, Mg, Ti, P, and Si.
Table 2. The relative deviation of XRF measurements (%) for 30 samples measured in two replicates
	Pair
	Key
site
	Depth,
cm
	Ti
	V
	Cr
	Mn
	Fe
	Co
	Ni
	Cu
	Zn
	As
	Pb
	Ca
	Al
	Si
	P
	K
	Mg
	Sr

	1
	D
	15–30
	0.1
	5.0
	1.6
	0.1
	0.3
	4.5
	1.8
	0.3
	13.5
	9.2
	35.5
	0.9
	0.1
	0.1
	0.4
	0.5
	1.6
	1.3

	2
	D
	30–50
	0.4
	4.7
	2.0
	0.8
	0.5
	0.3
	0.6
	3.3
	20.9
	15.8
	89.3
	1.0
	0.1
	0.2
	1.5
	0.0
	0.3
	2.5

	3
	D
	50–70
	0.6
	5.3
	0.2
	0.5
	0.6
	1.6
	2.1
	1.7
	2.2
	17.3
	72.5
	0.2
	0.6
	0.2
	1.1
	0.1
	0.2
	2.7

	4
	G
	0–5
	1.6
	2.1
	0.1
	1.2
	1.4
	2.0
	3.2
	3.1
	2.9
	3.8
	0.0
	4.0
	1.8
	6.5
	0.6
	0.3
	2.3
	92.9

	5
	G
	5–25
	0.4
	0.7
	1.3
	0.4
	0.2
	8.7
	27.3
	0.6
	9.9
	12.7
	97.8
	1.4
	2.0
	0.6
	1.0
	1.7
	18.7
	1.9

	6
	G
	25–65
	0.3
	4.2
	0.3
	0.3
	0.4
	2.9
	0.1
	2.4
	1.5
	13.0
	75.8
	2.6
	0.1
	4.4
	0.7
	0.9
	1.2
	1.5

	7
	G
	65–80
	0.4
	2.7
	0.1
	0.0
	0.5
	3.6
	2.5
	1.4
	0.3
	6.7
	52.7
	0.8
	0.2
	0.8
	0.6
	0.8
	0.4
	1.6

	8
	G
	80–110
	0.2
	3.2
	0.4
	0.3
	0.2
	4.9
	3.8
	0.2
	2.5
	12.3
	0.0
	0.3
	0.2
	0.2
	0.3
	0.5
	7.5
	1.4

	9
	G
	110–114
	0.3
	2.2
	0.2
	0.1
	0.3
	5.1
	5.8
	0.8
	2.2
	6.7
	0.0
	0.0
	0.1
	0.0
	0.5
	0.8
	9.5
	1.5

	10
	G
	114–140
	0.4
	2.4
	0.0
	0.8
	0.6
	6.6
	7.2
	1.0
	4.7
	23.6
	0.0
	0.2
	0.0
	0.2
	0.3
	0.3
	9.3
	2.0

	11
	G
	0–10
	0.7
	3.3
	1.3
	0.7
	0.7
	2.3
	1.1
	2.9
	2.3
	0.0
	0.0
	0.4
	0.1
	0.1
	0.9
	0.5
	0.9
	2.3

	12
	G
	10–22
	0.9
	4.1
	0.7
	0.6
	0.7
	0.8
	3.1
	2.7
	1.0
	14.3
	0.0
	0.2
	0.1
	0.1
	0.2
	0.6
	0.9
	2.1

	13
	G
	22–40
	0.1
	4.1
	0.2
	0.0
	0.5
	3.5
	0.4
	1.8
	1.4
	22.1
	72.4
	0.5
	0.4
	0.5
	2.2
	0.4
	0.6
	1.6

	14
	G
	40–46
	0.7
	4.3
	1.2
	0.5
	0.1
	1.2
	1.3
	0.3
	9.1
	11.3
	51.7
	1.9
	0.5
	3.8
	0.3
	0.0
	0.1
	0.4

	15
	G
	46–80
	0.5
	2.7
	0.6
	0.3
	0.5
	2.4
	4.3
	2.6
	1.7
	33.3
	0.0
	0.0
	1.3
	0.4
	2.6
	0.0
	0.2
	2.8

	16
	G
	80–105
	0.2
	1.5
	0.1
	0.3
	0.4
	0.1
	0.1
	0.8
	0.0
	17.0
	0.0
	0.2
	0.4
	0.0
	0.1
	0.4
	1.0
	0.5

	17
	G
	105–120
	1.0
	2.7
	16.7
	1.3
	0.3
	1.9
	2.4
	2.9
	2.4
	18.4
	0.0
	0.5
	0.5
	0.0
	0.6
	0.1
	0.4
	2.2

	18
	G
	120–150
	0.3
	1.5
	1.4
	0.5
	0.3
	2.0
	1.8
	2.4
	1.1
	22.9
	0.0
	0.3
	0.7
	0.0
	1.3
	0.1
	0.7
	0.7

	19
	G
	0–22
	0.6
	2.1
	0.4
	0.1
	0.5
	2.0
	1.1
	2.4
	0.3
	5.7
	0.0
	0.0
	0.8
	0.4
	0.5
	0.1
	0.7
	2.4

	20
	G
	22–40
	1.1
	1.9
	0.6
	0.3
	0.4
	1.0
	1.2
	1.6
	0.2
	0.8
	0.0
	0.5
	0.7
	0.0
	0.1
	0.1
	1.2
	2.1

	21
	G
	40–60
	1.2
	2.2
	0.6
	0.6
	0.7
	0.5
	5.4
	1.8
	1.9
	9.5
	0.0
	2.6
	0.4
	4.1
	0.3
	0.5
	1.6
	2.5

	22
	G
	60–90
	0.7
	2.6
	0.0
	0.4
	0.3
	2.6
	4.4
	1.2
	2.2
	14.0
	60.1
	0.1
	0.6
	0.5
	1.4
	0.1
	0.6
	1.8

	23
	G
	90–105
	0.8
	2.0
	0.4
	0.0
	0.4
	0.5
	0.9
	2.5
	2.2
	11.8
	28.5
	0.3
	0.7
	0.2
	0.2
	0.2
	0.2
	2.3

	24
	G
	105–150
	0.4
	1.5
	0.1
	0.4
	0.6
	4.2
	2.0
	1.9
	0.4
	3.2
	7.4
	0.7
	0.5
	0.1
	0.7
	0.2
	0.9
	0.8

	25
	G
	0–10
	0.3
	1.2
	0.7
	0.7
	0.7
	0.0
	0.8
	2.7
	2.2
	14.9
	0.0
	0.1
	0.7
	0.3
	0.0
	0.0
	0.6
	0.8

	26
	G
	10–38
	0.1
	1.0
	0.2
	0.3
	0.3
	0.2
	0.5
	0.3
	0.3
	0.0
	1.6
	0.2
	0.2
	0.0
	1.0
	0.0
	0.5
	0.1

	27
	G
	38–60
	0.0
	0.7
	0.3
	0.3
	0.3
	0.6
	0.0
	1.3
	0.4
	3.0
	4.4
	0.0
	0.2
	0.0
	2.0
	0.1
	0.0
	0.6

	28
	G
	60–80
	0.4
	1.1
	0.7
	0.5
	0.4
	2.1
	0.9
	1.8
	0.0
	0.4
	0.2
	0.1
	0.7
	0.3
	0.3
	0.0
	1.2
	0.8

	29
	G
	80–100
	0.2
	0.9
	0.4
	0.4
	0.4
	0.2
	0.9
	0.5
	1.3
	1.0
	3.7
	0.2
	0.2
	0.1
	0.4
	0.1
	1.0
	0.2

	30
	G
	100–120
	0.1
	0.9
	0.2
	0.2
	0.3
	0.9
	1.3
	0.2
	0.4
	6.1
	21.5
	0.0
	0.3
	0.1
	0.1
	0.2
	0.1
	0.4


Pairs with relative deviation exceeding 10% are marked in bold. D – Dagestan, G – Golestan.
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Figure 1. Chemical composition of the recent soils studied in Golestan and Dagestan study sites. Content is normalized to UCEC.
In Golestan study site, topsoil contains more Mg and less Si (p <0.05) than subsoil. In Dagestan study site, topsoil contains more Co, P, Mn, Zn, Ni, Fe, K, Al and less Sr and Pb (p <0.05).

In the Dagestan key site with a pronounced microtopography, microdepressions with respect to microelevations are enriched with Sr and Cu, which probably accumulate here on the alkaline geochemical barrier as a result of migration in the soil solution during the initial stages of soil formation.
Conclusions

The differences in the elemental composition of the recent soils were determined both by the initial difference of the substrate according to the content of macronutrients (Mg and Si) and by the conditions of soil formation, which contributed to an increase in the vertical differentiation of the soil in the Dagestan key site. In the Caspian Sea coast, the first signs of differentiation of the recent fine-textured soils in terms of elemental composition are noticeable in 60 – 70 years after the retreat of the sea and deepening of the groundwater table. For 150–300 years that have passed since the surface has been drained, recent fine-textured soils in Dagestan have been differentiated dramatically in elemental composition.
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