
Volume 10 • Issue 2 • 1000507J Earth Sci Clim Change, an open access journal
ISSN: 2157-7617

Research Article Open Access

Nooryazdan and Ghobadi, J Earth Sci Clim Change 2019, 10:2
DOI: 10.4172/2157-7617.1000507

Research Article Open Access

Journal of
Earth Science & Climatic ChangeJo

ur
na

l o
f E

art
h Science & Climatic Change

ISSN: 2157-7617

*Corresponding author: Nooryazdan A, Faculty of Sciences, Department of 
Geology, Bu Ali-Sina University, Hamedan, Iran, Tel: +989163132558; E-mail:  
reza_nooryazdan@yahoo.com

Received January 29, 2019; Accepted February 19, 2019; Published February 
26, 2019

Citation: Nooryazdan A, Ghobadi MH (2019) The Landslide Lake of Jaydar. J Earth 
Sci Clim Change 10: 507. doi: 10.4172/2157-7617.1000507

Copyright: © 2019 Nooryazdan A, et al. This is an open-access article distributed 
under the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original 
author and source are credited.

Keywords: Seymareh rock avalanche; Landslide dam; Jaydar lake; 
Dispersion; Piping; Pol-Dokhtar; Gully erosion

Introduction 
The damming of major rivers calamitous landslide is an 

important geological hazard and a considerable geomorphic process 
in mountain areas [1-3]. River damming mostly outcome in extra-
large impoundments that, in some historical cases, the volume of the 
reservoir of dam is larger than reservoirs made by humans [4]. These 
are necessary for create landslide dams conditions, such as height, 
slope and discontinuities (layering, fault and joint), and triggers 
factors (rainfall, melting and earthquake) [5]. The failure of a landslide 
dam causes disastrous downstream floods, in addition to mortal and 
financial losses, and the destruction of houses and infrastructure, For 
example, the failure of the Raikhot Landslide Dam with a height of 200-
300 m and a lake with a length of >65 Km on the river Indus of Pakistan 
country destroyed more than 1800 houses. Landslide dams, which are 
both complex and composite, are notable geomorphic forms due to 
their impermanent existence in foreside of impoundment lakes [5]. The 
distribution of the particle size of the dam body is very effective in the 
resistance of the dam to the erosion and piping process [6-8]. In April 
2000, due to a large rock sliding a large landslide dam was created on 
the Path of Yangon ZangPo River on the Tibetan plateau. This dam was 
ruptured after 62 days, causing a large flood with a height of 5.5 m. In 
addition to the Tibet area, the flood also affected the distance of 500 Km 
to the Brahmaputra Plain in NE India [9]. In 2008 rupture of the Tang 
Jinshan landslide dam was studied using various experimental models 
of prediction and how the dam was damaged by reservoir filling. In all 
models, the main parameters at the time of dam failure were assumed 
to be the thickness and composition of the dam materials [10]. The 
Turtum landslide with age more than 1600 BC, located in 90 Km north 
of Erzurum, Turkey. This landslide has formed as one of the largest 
landslide-dammed lakes in Turkey with a length and width of 8500 m 
and 2500 m, respectively and a surficial area of 77.6 Km2. The volume 
of displaced mass and the landslide dam is estimated to be 223 and 180 
Million m3 [11]. With the analysis of 300 landslide dams in Italy, some 

geomorphological indexes, such as volume of landslide dams and some 
hydro morphological indexes, such as the stability of the dam and river 
energy, have been estimated [12]. There are more than 24 landslide 
dams in Iran including 19 permanents and 5 temporaries [13]. Three 
landslide dams caused by the Seymareh rock avalanches are the most 
reported in Iran, that Jaydar dam is largest of these dams. The geology 
studies specially engineering geology can identify some ambiguities, 
such as the formation and failure of landslide dams, as well as some 
geotechnical problems and hazards in the study area. In this study, 
the effects of forming of the Jaydar landslide dam on morphology and 
changes in hydrology and hydrogeology of the region are investigated. 
Engineering geology properties remaining sediments of activity Jaydar 
Lake was investigated. Undoubtedly, the engineering behavior of 
heterogeneous deposits with in-situ geological units plays an important 
role in development programs in region.

History researches Seymareh Rock Avalanche

The seymareh rock avalanche with volume of its debris about 44000 
Million m3 is the largest known subaerial and non-volcanic landslide on 
Earth. It seems that the initial failure in the Kabir Kuh is wedge shaped 
in the Asmari Formation along the shear joints, followed by the main 
of the sheet sliding before rupturing in the shape of a wedge in the 
Pabdeh – Gurpi Formation. It has been suggested that an earthquake a 
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magnitude of greater than 7 on the Richter scale, probably related to the 
Kabir Kuh fault has been the main cause of the seymareh rock avalanche 
[14,15]. Accordingly, a part of the layers of the Asmari Formation has 
been slipped over the NE Kabir Kuh Mountain along more than 15 Km 
and average thickness of 350 m. The detached material has moved from 
its original location to a distance of 20 Km and has covered a surface of 
more than 166 Km2 (Figure 3). As a result of this event, three natural 
lakes have been formed in the NE and west of the landslide edge. The 
age of sediments of these lakes is determined using radiocarbon 14 
equivalents to 10037 ± 120 years [16-22]. These landslide dams are 
one of the most important geomorphological changes due to the event 
of Seymareh rock avalanche [23]. Two permanent rivers, including 
the Kashkan River from the North and the Seymareh River from the 
West run through Pol-Dokhtar area. The Karkheh River is formed 
from the connection of these rivers in the SW of Pol-Dokhtar city. 
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stable dam’s classes. After the formation of the landslide dam a lake is 
formed with a length of 36 Km and surface area of 65 Km2 on Kashkan 
River. The total volume of the reservoir is more than 3860 million m3. 
The main part of the reservoir is located on Jaydar plain. This plain 
is an ellipsoidal section with surface area of 46.8 Km2 (Figure 3). The 
slope of the plain in the SW - NE and NW – SE is 3.1 and 2.3 percent, 
respectively. The Maximum and Minimum height of the plain are 697 
and 654 m.a.s.l. The dimensions of the landslide dam and related lake 
showing in Table 1.

In general, the formation of the Jaydar dam and drainage of its 
reservoir have been carried out in 4 steps following: For the first stage, 
the creation of new geomorphological changes in the region due to the 
occurrence of Seymareh rock avalanche, the most notable changes are 
the increase in elevation from 640 to over 880 m. New heights have 
created a crescent dike with a length of more than 10 Km, which is called 
the Jaydar dam (Figure 4A). In the second stage, due to the blockade of 
the path of Kashkan River, a lake has been created with an area of more 
than 65 Km2 (Figure 4B). The lake is filled up to a maximum of 740 
m.a.s.l (Figure 4B). In the third stage, due to the topography slope in the 
northwest part of the plain, the reservoir water at a height of 740 m was 
drained by a natural spillway (Figure 4C). Finally, in the fourth stage, 
the current plain has been created, with an average elevation of 700 
m.a.s.l which eroded in some places and created badland morphology 
(Figure 4D).

Research Methodology 
In order to accurately assess the area, we have created the DEM of 

area with using IRS-P5 satellite imagery and ENVI software for study the 
morphology and geometry of the dam, the lake and its lateral spillway, 
also provides cross-sectional and longitudinal sections of geology. 
Ground penetration radar (GPR), method is used to identify the status 
of bedrock, geological structures and dissolution cavities in the rock 
mass, as well as the thickness and the vertical and lateral changes of the 
lake sediments and identity of the old morphology of location before the 
creation of Jaydar Lake. The data of piezometer, wells and springs have 
been used to identify the hydrology and hydrogeological conditions. 
Engineering geological characteristics lake sediments are determined 
by field and laboratory tests. In this paper all of maps and cross sections 
are drawn by Arc- GIS and AutoCAD software.

The Jaydar landslide dam and related lake

The Jaydar landslide dam has been created because of the blockage 
of the Kashkan River after sliding occurrence in Kabir kuh. This dam 
was created at a distance at 8 Km southwest of the Pol-Dokhtar city. 
This horseshoe dam has a length of 11 Km, width of 2 Km and an 
average height of 140 m from the bedrock. The highest part of the dam 
at a height of more than 220 m is located at the end of the Chenareh 
anticline. The main part of the framework of the dam is formed of 
large blocks of the Asmari limestone. Therefore, this dam is place in 

Figure 2: Simplified geological map of Seymareh Rock avalanche and its details include study area in this map: Sv Sarvak Formation, II Ilam Formation, GU 
Gurpi Formation, Ehm Emam Hassan Member, Pd Pbdeh Formation, Tz Taleh Zang Formation, As-Sb Asmari-Shahbazan Formation, Gs Gachsaran Formation, 
Aj Aghajari Formation, Bk Bakhtiary Formation, Qls Landslide Materials Qf Alluvial Deposits, Qalc,Landslide dammed-Lake, Qal,River Terraces,  Qt2 Flood Plain 
Deposits, CHM Cham Mehr Fault, CHS Cheshmeh Shirin Fault, KAM Kabir Kuh Fault and CHA Chenareh Anticline.
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Solubility bedrock and increased discharge from the channel during 
floods, causes a diversion channel with longitudinal and transverse 
cross-section S-shape and V-shaped respectively. The cross-section 
of this channel varies from 12900 m2 in the Jaydar dam location, up 
to 67500 m2 at the entrance to the reservoir of the Seymareh Dam. 
The channel length is 12.5 Km and has a 19% longitudinal gradient. 
The maximum and minimum depth of this channel is 160 and 45 m, 
respectively. Now this channel, the new route of the Kashkan River 
after the occurrence of the Seymareh rock avalanche.

The sub surface geological properties of study area

We have use geophysical process in order to determine conditions 
of sedimentary sequences, bed rock status, as well as determine of the 
buried deranges paths. For this purpose, The GPR equipment consists 
of a Loza II control unit, an odometer, a 6-meter connection cable and 
two antennae, at 10 MHZ was used to extract a longitudinal profile in 
the Jaydar Plain and a part of landslide materials with a length of 1965 
m includes 7 GPR profiles P1, P2, P3, P4, P5, P6 (For field correlation) 
and P7 (Figure 5) The study of radargrams shows that in the study 
area there are 3 to 5 fine and coarse grains sedimentary layers with a 
thickness of 70 m to more than 100 m on bedrock. We have obtained 
the longitudinal profiles AA΄ and BB́ using the results of GPR and 
field studies in the direction of NE-SW and NW-SE (Figure 6). The 
cross-section AA’ has a length of 8568 m in the NE-SW direction, 
which, by cutting off P2, passes NW of P3 and P4 profiles. The first 
part of this section, with a length of 1141 m, is located on the rock 
avalanche materials. In the P2 location, sliding materials are covered by 
gentle slopes of the lake sediments. At P2, the thickness of the sliding 
material is over 100 m. It seems that at this point there is an old and 
buried valley. The lake sediments with a thickness of more than 70 m 
are seen from 1141 to 2030 m. Due to the low depth of the bedrock, 
from 2.030 to 2.617 Km and 587 m in length, sliding materials are 
exposed on the ground. From 2617 to 8568 m, lake sediments with 
a thickness of 60 m have been extended again. Sliding materials are 
seen beneath of the lake sediments during AA´ cross section, which 
decreases its thickness to the North. The BB´ cross section has a length 
of 7766 m in the NW-SE direction. This cross section interrupted P5, 
P2 and P6 profiles. The first section of this cross section is 872 m long, 

Figure 3: The location of the dams, landslide- dammed lakes and main 
scarp of Seymareh rockavalanch. Geomorphological units are delineated 
and described in Figure: KR Kashkan River, MKA Maleh Kouh anticline, JL 
Jaydar lake, EBR evaporates bed rock(Gs)(Gachsaran Fm.), SPW spill way of 
Jaydar lake, OLPKR old path of Kashkan River, NPKR new path of Kashkan 
river, GL Gori Balmak lake, CHA Chenareh anticline, SR, Seymareh River, 
SL Seymareh lake, FF strike slip fault, LSD landslide dam, LSM landslide 
materials(Qls), KAM Kabir Kuh anticline, INS in situ segments, KAR Karkheh 
River and MS main scarp.

Dimensions Value
Length of dam 11000 m
Width of dam 2000 m
Height of dam from the spillway bottom 80 m
Height of dam from the bed rock 140 m
Length of   the dam lake 36000 m
Height of dam m.a.s.l 821 m
Volume of the dam reservoir 3860 mm3

Area of the dam lake 65 km2

Catchment area 9175 km2

*All the dimensions are approximate.

Table 1: Dimensions of the landslide dam and its vicinity.

Figure 4: How forming the Jaydar dam and related lake (A) creation of the dam, due to the Seymareh rock avalanche, (B) Creating Dam Lake, (C) Sedimentation in 
the reservoir, formation of natural spillway and reservoir evacuation and (D) Current location of the Jaydar plain and current route of the Kashkan River.



Citation: Nooryazdan A, Ghobadi MH (2019) The Landslide Lake of Jaydar. J Earth Sci Clim Change 10: 507. doi: 10.4172/2157-7617.1000507

Page 5 of 11

Volume 10 • Issue 2 • 1000507J Earth Sci Clim Change, an open access journal
ISSN: 2157-7617

Figure 5: Processed and interpreted radargrams showing different features of study area. FG-CG: Fine grain size with interbed coarse grain size, CG-FG: Coarse 
grain size with interbed fine grain size, FG: Fine grain size layer, CG: Coares grain size layer, BR: Bedrock, S (?): Properly Solution signs, Zone of T: Old path of 
drainages and O sings in P2 radargram are Air reflections.
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located on the Gachsaran Formation. Then the lake sediments of 200 
m long and 10 m thick thickness are seen. Also from 1072 to 2202 m 
AA´ cross section due to the low depth of the bedrock, sliding materials 
are exposed on the ground. Along a large part of this cross section with 
a length of more than 4 Km, extensive sediments of the lake with a 
thickness of more than 70 m exist. The bedrock is also located at the 
radargram P2 at a depth of more than 120 m. On the whole, it can 
be said that the sediments of Jaydar plain are of uniformity and the 
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Figure 6: Longitudinal cross-sections of engineering geology obtained from the GPR method.

Figure 7: The most important geomorphologic forms of bedrock in the study area are (A) Karstic caves (B) vertical galleries and (C) Sinkhole. 

Figure 8: This radargram shows a valley with a depth of more than 100 m 
west of the Quebec wetlands south of the study. Details of the photo Qls 
Rockavalanch materials, AR Air reflections and BR Bedrock. Figure 9: Groundwater table map in study area.
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Piezometer code
Coordinates

 Piezometer height (m.a.s.l) G.W.T (m)
λ

1 47°41΄01̋ 33°07΄35̋ 673 14

2 47°39΄02̋ 33°07΄33 ̋ 668 22

3 4741΄21 ̋ 33°09΄00̋ 675 25

4 47°40΄20 ̋ 33°06΄53 ̋ 677 20

5 47°43΄55 ̋ 33°07΄39 ̋ 680 24

Table 2: Characteristics of piezometer in study area.
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units with evaporate rocks is 2058 Km2, accounting for 12.8% of the 
catchment area. The predominant origin of existing salt minerals is 
related to the Gachsaran evaporative formation with the age of middle 
Miocene. The results of the chemical tests indicate that concentration 
of sulfate ion in the form of CaSO4, 2H2O in Jaydar Lake is from 3% 
in the Jolgeh Khalaj to 18.4% in Jaydar Plain and this factor causes 
solubility of sediments in the region. Further, dispersion is another 
geotechnical property of lake sediments of Jaydar Plain.

In order to determine the dispersion of soils in the region, 10 
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Gurpi Formation (Impermeable), which, due to its low permeability, 
has stopped vertical erosion. Field observations show that the left and 
right scarps of the Seymareh failure are located in the karstic valleys. 
Because of all the conditions that cause Seymareh rock avalanche in the 
area, may repeat of similar events but in smaller dimensions in the NE 
side hill. The most important result of this phenomenon is the creation 
of 3 dam landslide l on the main rivers of the location. The Jaydar 
dam with length, width and height of more than 11, 2 Km and 140 m 
are the largest dams’ landslide in this area. Studies show that during 
the life of this lake, its length was 4 Km and the maximum height of 
water was 80 m. Today, only the sediments of this lake are observed 
in the region. The time for drainage of Jaydar Lake is unclear, but it 
can be said that the dam is never broken, however the water of the 
lake is drained by a natural spillway. The main part of the old Jaydar 
Lake is Jaydar plainwith an area about 46.8 Km2. The Poldokhtar city, 
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