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Abstract: The Sefidrud River originates from west and northwest elevations of Iran and riches to the Caspian Sea. This river from Sefidrud Dam to Caspian Sea, which has about 120 km length, can be divided into three segments based on morphology. The first segment is about 41 km and lies in mountainous and rocky terrace, which includes narrow flood plain. In this portion the river channel is V-shaped with rocky rims. The river in the second segment has about 43 km length and flows in a relatively wide flood plain. In this part, the river has a braded-braded pattern and its bed is covered by coarse-grained deposits. The third portion of the river which is about 36 km in length includes flow over flood plain and delta deposits. In this segment, the river channel is meandering type and the meanders are interchanged latitudinal and longitudinal over the flood plain. In this study, based on field considerations such as man-made and machine-made boreholes and study of aerial photographs, the soil textures and river conditions in the above-mentioned segments have been studied and then areas with potential of sliding and erosion recognized. 
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1  Introduction

The objective of the present study is to evaluate the landslide and erosion hazards in the river-banks of Sefidrud River. This river originates from west and northwest elevations of Iran and flows into the Caspian Sea. The study region encompasses the distance between Sefidrud Dam and Caspian Sea, which its length is about 120 km. Figure (1) shows the location of Sefidrud River and Sefidrud Dam on the map of Iran. 

As was explained earlier, this part of Sefidrud River can be divided into three segments based on morphology. The first segment is about 41 km and locates between Sefidrud Dam and Emamzadeh Hashem. In this part, the river lies in mountainous and rocky terrace, which includes narrow flood plain. In this portion the river channel is V-shaped with rocky rims. The river in the second segment has about 43 km length and falls between Emamzadeh Hashem and Astaneh. In this part, the river flows in a relatively wide flood plain and has a braded-braded pattern. The third portion of the river begins from Astaneh and continues until Caspian Sea. In the third part the length of river is about 36 km which flows over flood plain and delta deposits.

[image: image1.png]A s

al Batin

il persian

Gulf
Buraydah  AdDammar, Manama

Sl



In this paper, studies carried out and obtained results in company with evaluations fulfilled are separately presented for different segments of the river.

Figure 1  The location of Sefidrud River and Sefidrud Dam

2  The Geology Setting

The study area is located in west Alborz range mountain. Consolidated and unconsolidated materials exposed on the route of Sefidrud River are separately presented for different segments

2.1 First segment

In this segment, the main lithological units are Doroud Formation (sandstone, siltstone, and mudstone), Routeh Formation (limestone), Elika Formation (dolomite and limestone), Shemshak Formation (shale and sandstone), Cretaceous limestone and conglomerate, Karaj Formation (pyroclastic deposits), and Quaternary conglomerate. There are several faults in this segment which have made some meanders in the river.

2.2 Second segment

In the second part, the river flows on alluvial fan deposits. Although there are several faults in this section, which interrupted the river, two big faults (Lahijan Fault in the beginning of this segment and Khazar Fault around Luleman) have produced a large meander and significant change in river direction, respectively.
2.3 Third segment

In this section, the river passes through fine-grained deltaic deposits and flood-plains.  Deposits on the lateral sides of the river are heterogeneous in width and depth. This heterogeneity is a kind of trending heterogeneity which is gradual change from fine-grained to coarse-grained materials and vice versa.
3  Sub-surface soil texture

To study the sub-surface soil texture on the route of the river, 48 boreholes were dug by hand in three previously-mentioned segments. The depth of these hand-made boreholes ranges between 3 and 5 meters. Also 19 deep boreholes were dug by machine which their depth ranges from 10 to 15 meters. 

According to the results obtained from the above-mentioned hand-made and machine-made boreholes, in the following the sub-surface soil texture in different segments is presented.

a) First segment: in the first segment the predominant sub-surface soil texture from ground surface to depth of 5 meters is silty gravel. 

b) Second segment: in this section, as compared with the first segment, the percentage of sand has been increased and the predominant sub-surface soil texture from ground surface to depth of 5 meters is sand and silty sand.

c) Third segment: the sub-surface soil texture in the third part of the river is more heterogeneous. In this segment, all three basic horizons (i.e. A, B, and C) have been recognized. Table 1 shows the predominant sub-surface soil texture for all segments of the river.

Table 1- the predominant sub-surface soil texture for different segments of the river

	River’s

segment
	1st
	2nd
	3rd

	Soil texture
	- In the inner curvature of the meanders, deposits are fine-grained materials (GC, ML-CL).

- In the margin of the river channel and recent alluvial terraces, deposits are coarse-grained materials (GP and GW).

- In longitudinal barriers, deposits are GM.
	-In the channel, deposits are GP and GM which are related to main channel and barrier deposits, respectively.

- In flood plains, deposits are alternates of sand, silty sand with inter-layers of coarse-grained materials.

- In the inner curvature of the meanders a limited fine-grained materials are found.
	- In the channel, deposits are SP and SM. 

- In the inner curvature of the meanders, deposits are clay silt in the  surface which becomes coarser with depth. 

- Soil texture in different horizons of soil:

A horizon: deposits are alternates of sand, silt and clay.

B horizon: deposits are SM, SP-SM.

C horizon: deposits are alternates of CL and ML




4  Engineering geology map

The engineering geology map of the route of the river has been prepared as follows:

· Using areal photographs, geological maps and field-works observations, the engineering geology map of the river route with scale 1:20,000 was prepared.

· Different stratigraphical units (including consolidated and unconsolidated materials), based on their resistances were classified into three classes (i.e. resistant, relatively resistant, and feeble). In this regard, six resistant units were specified as follows:

R1= resistant rocks (gabbro, andesit, and well-cemented sandstone).

R2= relatively resistant rocks (alternate of resistant and feeble rocks and resistant fault zones).

R3= feeble rocks (shale and marl).

L1= well-cemented alluvial deposits (conglomerate).

L2= poorly-cemented alluvial deposits.

L3= non-cemented alluvial deposits and recent alluvium.

· The slope map of the study area was prepared using 1:20,000 topographic maps of the region. For this purpose, the following orders were recognized:

I- slope less than 10°

II- slope between 10° and 20°

III- slope between 20° and 30°
IV- slope greater than 30°
5  Geological hazards map

According to field observations, the significant geological hazards in the route of the river encompass landslide and erosion in the river-banks. Using the information of the engineering map of the rout of the river, the map of the geological hazards was prepared:

5.1 Landslide hazards

The most important parameters affecting the landslide in the study area are ground slope, lithology, vegetation cover, and structural situation. To evaluate the landslide hazards in the study area firstly on the basis of ground slope and earth resistance characteristics the main orders of landslide hazards were specified and then with regards to vegetation cover and presence and absence of spring in the study zone, the final degree of landslide hazard has been determined.

Table 2- Legend for evaluating the degree of landslide hazard

	Slope Order
	Type of

Materials

	I
	II
	III
	IV
	

	M-L
	L
	S
	S
	R1

	M-H
	L-M
	S
	S
	R2

	M-H
	M
	L
	S
	R3-L1

	H
	M-H
	L-M
	S
	L2

	VH
	H
	M
	L
	L3


Where, S, L, M, H, H, and VH are symbols for stable area, low landslide hazard, medium landslide hazard, high landslide hazard, and very high landslide hazard, respectively.

5.2  Erosion hazards

According to earth resistance, the direction of flow and amount and type of vegetation cover, two erosion zones E1 and E2 were specified as follows:

E1: regions with poorly-cemented alluvial deposits (L2) without vegetation cover and regions with non-cemented alluvial deposits and recent alluvium located in outer curvature of meanders and the flow direction 

E2: regions with poorly-cemented alluvial deposits(L2) and dense vegetation cover located in outer curvature of meanders, and regions non-cemented alluvial deposits and recent alluvium (L3) if the flow collides them in acute angle or such region located in embranchment of the river.

6  Conclusion

The Sefidrud River originates from west and northwest elevations of Iran and connects to the Caspian Sea. In this paper, the landslide and erosion hazards in the end part of this river has been evaluated. In this part, which is about 120 km, the river can be divided into three segments based on morphology. On the basis of field obtained results by using man-made and machine-made boreholes and study of aerial photographs, the soil textures and engineering geology characteristics of the river in the above-mentioned segments have been studied and then the geological hazards map was prepared. In order to prepare the geological hazards map, according to ground slope, lithology, vegetation cover, and structural situation areas with potential of sliding and based on earth resistance, the direction of flow and amount and type of vegetation cover areas with potential of erosion recognized. 

According to obtained results, the first segment of the river, which lies in mountainous and rocky terrace, has no problem of sliding or erosion but it may include huge collapse and rockslides during earthquakes. In the second part, the river passes through a relatively wide flood plain. In this segment, there are numerous transverse sand barriers that are commonly used as gravel and sand barrow materials. As a consequent, the pattern of the river in this section is braded-braded and includes a high bed and lateral erosion due to relatively high slope of the riverbed, loose young terraces around the river channel, and irregular usage of gravel and sand barrow material. In the last portion, the river flow over flood plain and delta deposits and lateral erosion of the river channel is very high because of meandering and incomplete protective of costal and repeated floods occur in the low land areas. Furthermore, undercutting erosion, loading the slopes and entrance of returned agricultural water to river banks have resulted in instability of the riverbanks.
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