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Abstract
Spreading floodwater on arid lands is a new widespread experimental technique that is in progress in several parts of Iran. Intensive short period rainfalls that is characteristic of arid regions, carry huge amount of soil particles of various sizes. Damghan playa, where an artificial recharge project is in progress, was selected in order to study the fate of carried suspended and dissolved particles of clay, calcium carbonate, and gypsum. This playa is located 30 km east of Damghan city. The main objective of this investigation was to determine the effects of artificial recharge system on transportation of soil particles and their subsequent redeposition in soils. Calcareous and gypsiferous parent materials of the region was found to be the source of clay, calcium carbonate, and gypsum particles that were carried by floodwater. Physico-chemical properties and micromorphological characteristics of soils were determined in order to study distribution and redeposition of these particles in soil profiles. Results of this investigation showed some physico-chemical and micromorphological changes in soils. Changes included were translocation and addition of calcium carbonate, gypsum, and clay particles; type and distribution of voids; reduction in soil permeability; formation of cutans and calcitans; calcite hypocoatings; and calcite infillings of voids. Deposited particles caused plugging of large voids.

Introduction
More than 90% of Iran has arid and semiarid climatic conditions with mean annual precipitation of 115 and 365 mm, respectively. Low amounts and uneven distribution of precipitations caused surface runoff which annually drains into the seas, inland lakes and swamps. Nevertheless, water shortage is one of the main limiting factors in the economic development of Iran, particularly in the agricultural sector. However, spreading floodwater has been practised as an irrigation method in order to apply the wasted surface flows of water to the soils for various purposes (Kowsar, 1991). Addition of the suspended particles carried by floodwater to the coarse-textured soils was among the purposes (Kowsar, 1991). 
McFadden et al. (1991) proposed that preferred movement of water in noncapillary pores may perhaps act to favour open chemical system behaviour in medium and coarse-textured soils. As shown in part by the studies of Arkley (1963), soil water balance, combined with available water-holding capacity, plays a critical role not only in determining the mass of carbonate that can be dissolved and redistributed in the soils, but also determines the pattern of carbonate redistribution with depth over the duration of soil development. Monger et al. (1991) stated that pedogenic calcite is most transient in surface layer, because this layer is subjected to most frequent wetting. They concluded that dissolved and suspended calcite was carried into the soil by percolating water. As the soil water was absorbed by roots or evaporated, calcite precipitated on root surfaces and on sand and silt particles as calcitans. Calcite was channelled into macropores during its downward movement, which resulted in hypocoatings and eventually nodules.

Although deposition of such particles may have improved some soil properties of the spreading area, long-term problems (if any) of such depositions should not be ignored. Therefore, research for determining the fate of suspended and dissolved particles and their effects on properties of soils under artificial recharge system was established in the arid region of Damghan.

Materials and methods
Damghan, the study area, is a vast (30000 ha) playa in Semnan province, Iran (Fig. 1). It extends between the latitudes 35E 23'N and 35E 45'N and longitudes 54E 22'E and 54E 29'E. Mean annual precipitation, temperature, and potential evapotranspiration for the study region is 130 mm, 17EC and 2638 mm, respectively. Geology of the area consisted of the Quaternary rocks of Plio-Pleistocene conglomerate, Eocene dacitic braccia, diorite, clastic rocks and phyllite.

Based on topographic maps (1:250000) and aerial photos (1:50000), seven representative pedons were dug in two physiographic units, namely foothills and flood plains, where floodwater spread every year. Soil profiles were dug, macromorphologically described, and then classified according to Soil Taxonomy (Soil Survey Staff, 1998). Soil samples were taken from horizons in each pedon. The air-dried samples were crushed and passed through a 2 mm sieve. Physico-chemical analyses were carried out on the < 2 mm soil samples. Particle size analysis (Days, 1965), cation exchange capacity (Chapman, 1965), calcium sulphate and calcium carbonate (Richards, 1954) were determined. Clay particles of < 2 Fm were fractionated from the < 2 mm soil samples (Kittrick & Hope, 1963; Mehra & Jackson, 1960) prior to X-ray diffraction analysis for clay mineralogy.

Micromorphological characteristics of the soils were described through examining soil thin sections (Bullock et al., 1985) prepared from undisturbed samples taken from horizons.

Results and discussion
Based on the laboratory analyses and macromorphological descriptions, soils were classified into two main orders, namely Entisols and Aridisols (Table 1). Thin (15 cm) AC horizon with 60% of sand particles was found in profiles of the Entisol of foothills (Pedon 1), whereas deep soils (150 cm) with horizon differentiation were recognised in the Aridisols of the level flood plains (Pedon 7). Young soils with no evidence of carbonate accumulation were found on mountainous and alluvial-colluvial fans (Pedon 1, Table 1). Redeposition of particles of calcium carbonate, gypsum, and sodium chloride in forms of suspensions and solutions caused formation of calcic, gypsic, and sialic horizons, respectively, in soils which were formed on alluvial plains (Pedons 5, 6 and 7, Table 1). Because of low solubility, particles of calcium carbonate carried by floodwater were deposited on the top of gypsum and sodium chloride in soil profiles. Likewise, the calcite particles were carried to a shorter distance from foothills than the other soluble salts. Thus, CaCO3 particles were accumulated in profiles of piedmont alluvial plains (Pedons 2 & 3, Table 1). A calcic horizon with many secondary carbonates in the form of nodules and soft powdery pockets was found in Pedon 5 on the flat flood plains (Table 1).

Micromorphology of soil thin sections showed sequential accumulations of carbonates. The calcitans were observed especially in horizons of the lowland pedons, i.e. Pedon 7 (Gile et al., 1966). Large voids were the main sites for calcite precipitation (Chadwick et al., 1987), because such voids dry more rapidly than smaller ones. Large voids are usually in direct contact with lower atmospheric concentration of CO2. Moreover, calcite has a preference for self-nucleation, therefore plugs progressively large voids by preferential precipitation on previously deposited calcite crystals. Well developed crystals of gypsum and NaCl were also observed in conductive voids. Such crystals were particularly formed in horizons of the lowlands.

Mineralogy of soils showed that different proportions of similar clay minerals are present in various pedons on physiographic units. Mica (illite), chlorite, smectite (montmorillonite), and vermiculite were recognised. The higher physiographic units contained more illite and chlorite, whereas the lower ones had a higher montmorillonite and vermiculite.
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Table 1. Classification and physico-chemical properties of soils of Damghan playa
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Pedon
Horizon
Depth
Sand
Silt
Clay
Textureb
EC
CCE
Gypsum
CEC
pH
Sp


 No.a


 cm

----- % ------


dSm-1 %
  %
   cmolkg-1
%




Sandy-skeletal, mixed, (calcareous), thermic, Lithic Torriorthents
  1

AC

0-15

60
32
8
sl

1.0
23.8
  0.0
12
7.7
27.0


Sandy-skeletal, mixed, (calcareous), thermic, Typic Torriorthents
  2

A

0-5

66
22
12
sl

1.2
21.2
  0.0
12
7.8
28.2



C1

5-50

76
14
10
sl

1.7
18.8
  3.5
12
7.7
26.1



C2

50-150
74
8
18
sl

3.1
19.2
  1.3
14
7.5
29.8


Sandy-skeletal, mixed,(calcareous), thermic, Typic Calcigypsids
  3

A

0-15

58
20
22
sl

3.8
22.6
  0.0
13
7.9
51.1



Bk

15-45
76
4
20
sl

12.0
21.9
  0.0
13
7.7
40.6



Cy

45-150
68
8
24
sl

2.8
11.5
  67.6
14
7.5
48.5


Sandy-skeletal, mixed, (calcareous), thermic, Typic Haplocalcids
  4

A

0-15

58
20
22
scl

3.8
18.9
  0.0
12
7.6
51.1



Bk

15-130
76
4
20
sl

12.0
23.0
  0.0
12
7.3
40.6



Cy

130-150
68
8
24
scl

28.0
16.0
  40.0
14
7.6
48.5


Sandy-skeletal, carbonatic, thermic, Calcic Petrocalcids
  5

A

0-15

80
10
10
sl

28.0
19.2
  0.0
12
7.5
22.9



Bk1

15-25
58
12
30
sl

16.0
27.3
  4.2
12
7.7
40.2



Bk2

25-110
61
11
28
sl

14.0
40.4
  31.2
10
7.5
35.5



Cy

110-150
68
8
24
scl

28.0
16.0
  40.0
10
7.6
48.5

Table 1. Continued...

Pedon
Horizon
Depth
Sand
Silt
Clay
Textureb
EC
CCE
Gypsum
CEC
pH
Sp


 No.a


 cm

----- % ------


dSm-1 %
  %
   cmolkg-1
%




Sandy, mixed, (calcareous), thermic, Typic Calcigypsids
  6

A

0-10

85
10
5
ls

21.0
21.2
  0.0
12
7.5
21.8



Bk1

10-30
79
15
6
ls

16.0
21.6
  0.0
12
7.8
28.1



Bk2

30-70
78
18
4
ls

25.0
19.5
  6.2
13
7.7
42.1



Cy

70-120
74
21
5
ls

48.0
17.8
  15.2
14
7.6
51.3


Sandy, mixed, (calcareous), thermic, Gypsic Aquisalids
  7

A

0-25

36
58
6
sil

235.0 21.4  6.2
13
7.0
34.3



Cz1

25-50
60
36
4
sl

114.0 18.3  12.2
12
7.0
31.8



Cz2

50-75
80
14
6
ls

56.0
 17.1  12.0
11
7.0
26.4



Cy

75-150
52
42
6
sl

74.0
 19.0  18.4
13
7.5
41.9

a: 1= Foothill physiographic unit; 2-7= Flood plains physiographic units.

b: sl= sandy loam; scl= sandy clay loam; ls= loamy sand; sil= silty loam.





