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Summary
Two catastrophic and destructive landslides happened as a consequence of a major
earthquake on the midnight of June 20, 1990. Their morphology and dynamic analysis
are scope of the present study.
The study area is placed in a mountainous (Alborz Mountain Range) and highly seismic
active region of Iran. Recent active faults in the different parts of the range are subjected
to new investigation on the seismicity of the Alborz. It will describe later in the
seismicity chapter that two sets of old reactivated thrust faults (eg. Moinfar and
Naderzadeh, 1990) or recent strike slip faults (eg. Berberian et al. 1992) could have been
responsible for most of the major earthquake. Most of the thrusts have a component of
strike slip. There are a number of younger faults in the Alborz which are predominantly
of strike-slip type.
As a major consequence several landslides were triggered by the earthquake; most of
them were not catastrophic. The term landslide covers most down slope movements of
rock and solid debris that have become separated from the underlying part of the slope by
a shear zone or slip surface. Number of landslides has counted from 76(Haeri 1996) to
140 (Shoaie and Sassa 1993). A few of them were disastrous while killed many people
and destroyed villages, roads and farms.
Among the catastrophic landslides in the area two of them are well known because of
their large amounts of damage (Rudbar landslide) and loss of life (Fatalak Landslide).
The Rudbar and Fatalak landslides are located in an active seismic area (Figure 1-2)
that subjected to investigate in the present literature are among the catastrophic mass
movements but not in the same manner.
The landslide in Rudbar is a classic debris slide-debris flow that happened in mostly
disturbed Jurassic shale and sandstones, covered by a thin layer of Post glacial
(Holocene) sediments. This long landslide with nearly 2.4 km length demolished
productive gardens of olive which make the most important income of the local people,
6

destroyed thousands of trees in the area. An estimated area of 80 hectares is not
producible any more. According to the witness interview and published reports the
landslide took about 10 days to move from its main escarpment to toe (Appendix 9-1).
Total volume of the removed material is estimated about 10 million cubic meters.

Unlikely the Fatalak landslide with 2.5 million cubic meter volume and 40 hectare area
is classified as a very rapid debris flow as its materials contains of grain size from
boulder to clay. The landslide occurred mostly in Quaternary alluviums covered
Cretaceous volcanic rocks. The mass buried many houses of four villages and killed as
many as 170 residents.
The landslide occurred as a reactivation of a bigger landslide.
As the study shows the area is divided to several parts, each part is contributing as a
single event in the land slide. It is necessary to mention that the numbers pointing the
position of morphologic patterns and event are not same as predefined picture in section
(5-2).
The landslide started to crack down at the moment of the earthquake. The slide started to
fail in its middle part as a consequence of reactivating an existing fault (dashed red line in
the figure). The fault has been reported by Nazari and Salamati (1998) in the geological
map of Rudbar. The fault causes a small slope failure at the northern side of the body
(blue curve in the figure).
Strong shaking at a short time (horizontal ground acceleration was about 0.6g at the
nearest station at 40 seconds) severely affected water table that could be at 10 meter
depth.
The first stage took place after the ground motion. A distinct fracture is appeared in the
middle of the landslide after the event. This activity severely damaged to high water table
and decreased the available shear strength. As a result two simultaneous escarpments
occurred in 40 seconds after the main shock.
For ten days after the event the area was exposed to a debris flow that traveled with the
velocity of 35m per day. Final passage of the landslide was in the nearest point to the
residents of Rudbar city.
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The Fatalak landslide happened in a soil with different strength parameters, soil
characteristics such as grain size and plasticity index compare with the Rudbar landslide.
Also the slop angle was bigger than the Rudbar landslide.
Based on dynamic response analysis the slope failed at about 80 second after the
earthquake after the major earthquake.
Based on numerical simulation done by F. De Blasio the slide body had a very fast
velocity after the start point. The velocity was reached to 40m/sec.
Morphologically the slide contains of three phases:
The first stage is happened in the upper part of the slide but not in the highest escarpment.
Retrogressively the slide created some steps and escarpments that become bigger
upslope.
Based on witnesses and GIS result the Fatalak village that devastated by the slide
material was located in front of an old but short escarpment. The village also had some
water springs. It shows the slide material in the area was exposed to flux of water from
the higher elevation. This flux could be one of the main causes for creating the slip
surface.
The slide passed a transition area to convert its erosion pattern to accumulation. This
zone is about 200 meter long and its depth is a variation from 1 to 4 meters.
After the second part, the slide body reached to the main drainage of the valley in the
western part of the slide body its velocity decreased and stopped in the river and some
places in the opposite flank. The eastern flow of material that filled the drainage moved
down stream to the lower point elevation in the valley. These materials covered the
western accumulation in some places and also bury some residents in the downslope. The
eastern flow had a longer passage because of topographical situation and stopped after
some times. Despite reports about existence of two separate escarpments no sign of that
found during the investigation. However some differences in the terrain of the slide show
that the slide contains of two debris flows in its eastern and western part. The eastern part
traveled a longer distance than the western part.
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Introduction

Large, destructive and catastrophic earthquakes in Iran are frequent. Iran is placed in an
active geological setting that allows destructive geohazards. The country is placed
between two major tectonic plates. Tectonic activity in this area is forced by convergent
movements between these two plates: the Arabian plate, including Saudi Arabia, Persian
Gulf and the Zagros Ranges of Iran, and the Eurasian plate that incorporates Europe,
central and East Asia, as well as the interior Iran. The Arabian plate is going to beneath
the other by rate of 3mm/yr (Figure 1-1)

Figure 1-1: Iran is located between two convergent plates, from (USGS).
Recent earthquakes in Iran have been concentrated in three major zones: Alborz System,
Zagros Orogenic Belt and Central Iranian Blocks (Figure 1-2)
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Figure 1-2- Seismicity of Iran, 1990-2000, reproduced from
http://neic.usgs.gov/neis/world/iran/. The study area (the blue rectangle) is located in a
very active seismic zone in the middle of Alborz mountain range in northern part of Iran.
By comparison the map in Figure 1-2 with Tectonic subdivision of Iran (Alavi 1991) in
2-6 (next chapter), it is obvious that these earthquakes are coincided with active faults
separating Iranian plateau to several tectonic subdivision.
More than 126000 people lost their life during disastrous earthquakes in last century
(Berberian, Encyclopedia Iranica, Columbia University ). Possibly many of them have
been killed by landslides which is one of the most significant consequences of
earthquakes. In addition landslides with other triggering mechanism such as those
induced by human activity and rain (Hafezi 1993 and Gilan Governor office 1993
(unpublished)) are abundant in the mountainous areas. For instance every year a large
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number of slides triggered by different sources block Haraz Road, an important corridor
between the capital, Tehran and the Caspian Sea coasts in northern Iran.
The earthquake of 20 June 1990 (USGS National Earthquake Information Centre, origin
time 21:00:09-9; 36.957°N, 49409°E, Ms 7.7 ) that occurred in northern Iran (Figure 1-3)
resulted in 35000 people killed, more than 60,000 injured, 500,000 or more homeless and
extensive damage and landslides as well as liquefactions in the Rasht-Qazvin-Zanjan
provinces of Iran. Nearly all buildings were destroyed in the Rudbar and Manjil vicinity.

0

100 km

Figure 1-3 Location map of the study area. Rudbar is located in 270 km to the northwest of Tehran the capital. The destructive earthquake destroyed most of the buildings in
area that pointed out by circle.

14

The devastated area is estimated to equal to 30000km2. Some 100,000 structures,
including public and residential buildings, dams, industrial facilities, water tanks,
irrigation

canals

either collapsed

or were

severely damaged

(Moinfar and

Naderzadeh,1990). About 80 cracks in Sefidrud Dam; a water reservoir and power plant
center in Manjil is reported that treated later on. Economic loss by the earthquake has
estimated at about 2.5% GNP of Iran. The earthquake felt in most of north-western Iran,
also in southern Republic of Azerbaijan.

1.1 Introduce the event
As above mentioned the area is placed in a mountainous (Alborz Mountain Range) and
highly seismic active region of Iran. Recent active faults in the different parts of the range
are subjected to new investigation on the seismicity of the Alborz. It will describe later in
the seismicity chapter that two sets of old reactivated thrust faults (eg. Moinfar and
Naderzadeh, 1990) or recent strike slip faults (eg. Berberian et al. 1992) could have been
responsible for most of the major earthquake. Most of the thrusts have a component of
strike slip. There are a number of younger faults in the Alborz which are predominantly
of strike-slip type.
As a major consequence several landslides were triggered by the earthquake; most of
them were not catastrophic. The term landslide covers most down slope movements of
rock and solid debris that have become separated from the underlying part of the slope by
a shear zone or slip surface. Number of landslides has counted from 76(Haeri 1996) to
140 (Shoaie and Sassa 1993). A few of them were disastrous while killed many people
and destroyed villages, roads and farms (See table in appendix 3).
Among the catastrophic landslides in the area two of them are well known because of
their large amounts of damage (Rudbar landslide) and loss of life (Fatalak Landslide).
The Rudbar and Fatalak landslides are located in an active seismic area (Figure 1-2)
that subjected to investigate in the present literature are among the catastrophic mass
movements but not in the same manner.
The landslide in Rudbar is a classic debris slide-debris flow that happened in mostly
disturbed Jurassic shale and sandstones, covered by a thin layer of Post glacial
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(Holocene) sediments. This long landslide with nearly 2.4 km length demolished
productive gardens of olive which make the most important income of the local people,
destroyed thousands of trees in the area. An estimated area of 80 hectares is not
producible any more. According to the witness interview and published reports the
landslide took about 10 days to move from its main escarpment to toe (Appendix 9-1).
Total volume of the removed material is estimated about 10 million cubic meters.

Unlikely the Fatalak landslide with 2.5 million cubic meter volume and 40 hectare area
is classified as a debris flow as its materials contains of grain size from boulder to clay.
The landslide occurred mostly in Quaternary alluviums covered Cretaceous volcanic
rocks. The mass buried many houses of four villages and killed as many as 170 residents.

Figure 1-4A wide view of the Rudbar landslide which has taken days after the event by Qurashi and
Berberian(1992), adapted from www.ngdir.ir. The white curve shows landslide track.

To investigate what was the cause for two different types of landslides and why one of
them was so quicker than the other, the present study has done. Also in order to be able to
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predict possible runout distances and the forces exerted on structures in the path of the
slide, also how “solid” materials are disintegrating into “flowing” materials there is a
need for better understanding of the flow dynamics.

1.2 Summary of eyewitnesses’ interview
According to witnesses and published reports (eg. Pedrami et al. (1992) and Hafezi
(1993)) the landslide in Rudbar has been occurred in two phases.
•

In the first phase the slope ruptured just after the main shock as local people
reported big escarpments in the highest point of the slide.

•

The second phase is a debris flow that took place ten days after the event.
However some of local people reported two days of moving the mass. This last
opinion is not satisfactory due to the information based on present field
investigation and eyewitness interview.

For a long time there has been an argument between owners of the olive farms in the
landslide area and the government in the subject of oil leaking in due to breakage of an
oil pipeline in the area. The local people claim that it is contaminated the cultivated area.
This idea is not supported by any official or scientific report.
Clearly and similar to the Fatalak landslide the area was a productive land before the
event, but most of the gardens destroyed as a consequence of slope movement. Based on
soil mechanic tests in present study for the Rudbar landslide, as a result of the movement,
soil turned out to be impervious and non-productive.
The landslide occurred during the major shock and moved very fast. It buried most of the
residents in four villages and killed more than 170.
•

The mass flow included two parts extending from east to west. Some witnesses
believe that this separation is because of two separate slides. But a report by
Liaghat (1993) does not support that. The report expresses the slide separation as
different topographic level of the main escarpment (Figure 1-5). The present study
is in agreement with Liaghat (1993) in the subject of unity of the main escarpment
but indicate there is two separate downward flow of material.

•

The slide body in its last point created a natural dam and lake in the main drainage
in Fatalak valley, however the dam destroyed by itself after some days.
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Figure 1-5 A landscape of the main escarpment of the Fatalak landslide, it contains of two different
levels hinting that the landslide has two escarpments.

The other dispute between the earthquake reports released by related bureaus and local
witnesses is on the incident of a massive explosion during the event. Local people report
a big explosion after breakage of a main oil pipeline. They refer to the second escarpment
in the highest point of the Landslide as a result of the breakage and explosion of pipeline.
This last opinion did not confirm by any report and field investigation. The slide body in
its last point created a natural dam and lake in the main drainage in Fatalak valley,
however the dam destroyed by itself after some days.
A complete report on eyewitnesses’ interview is come in appendix 1.
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1.3 Geography and Geomorphology
Rudbar city is located in northern Iran, beside the main path that connects the capital
Tehran to the southern coast of the Caspian Sea (Figure 1-6). The city is nearby vicinity
to both study areas. Placed in 36.80 N and 49.41 E, 250 km distance from Tehran,
Rudbar is located in the conjugate of two different climatological features. Since The
Alborz mountain range divide climate of the northern Iran in to two northern wet and
southern dry parts and Rudbar is located in a transitional zone between these parts it has
an intermediate weather condition.
Sefidrud River is the second largest river in Iran and the main river that feeds the Caspian
Sea from its southern catchments, with 720 km long, rising in NW Iran and flowing
generally east to meet the Caspian Sea at Bandar-e Kiashahr some 15km to the east of
Rasht the provincial capital of Gilan. In order to irrigation and electricity production
goals a storage dam on the river has built. The Sefidrud River has cut a water gap through
the Alburz Mountains, and widening the valley between the Talesh Mountain ( a local
name for western mount of the area) and the main Alborz range. The gap provides a
major corridor between Tehran and the Caspian lowlands. Because the river crosses high
mountains, powerful winds in its canal made the area functional to produce electricity.
The Sefidrud River with a catchments area of 54,000 sq. km is a meandered river with
braided channels (Figure 1-7).
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Figure 1-6 Geographical Location of the study area. The red rectangle shows the study area and the
blue rectangle is abbreviation for Sefidrud River. Posht Kuh is a part of the Talesh mountain that is
separated from the rest of mountain range.

The study area is mountainous with several high picks more than 1000 m.a.s.l. For
example the nearest peak to the Rudbar landslide has elevation of 1150m., which is a
good position to produce power by wind generators. Steep and gentle slopes are common
in the area.
The mountains have a E-W trend which is the common tectonically trend of Alborz
Mountains. Due to high relative precipitation the area has a potential of agriculture
activity. On both the west and east bank of Sefidrud River, Rudbar city is located. The
city which is surrounded by high level forests and Olive groves is the nearest vicinity to
both study projects. One of them, the Rudbar landslide started to move from the hills
overlooking to the city. It stopped some meters before reach to houses and governmental
offices. The Rudbar landslide occurred in crushed sandy and silty material which covered
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by a clayey layer. As it will be discussed later in chapter 3 the disturbed sandy and silty
layers of Jurassic age is a consequence of an old mass movement in prehistoric time.
Gully erosional features in the intact part of the existing landslide are an indicator for
initiation slope movement in the crushed materials of the previous landslide (see Figure
3-13). There is also an evidence of tectonic activity in the middle of the landslide body
which followed by a local landslide to the northern edge of the main landslide. Effect of
this fault on the instability of highly wet material might be a key applicator on the
material movement.

Fatalak
landslide

Sefidrud river
Rudbar
landslide

Rudbar city

Figure 1-7 Aerial photo of the study area that shows landslides, Rudbar city and the Sefidrud River.
Scale of the photograph is about 1/45000, courtesy of Iranian Cartographic Center.
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Figure 1-8 One of the removed blocks during the Fatalak landslide which buried many houses and
destroyed productive olive gardens. The block is a representative of several brecciated conglomerates
that toppled from the contact between volcanic bedrock and recent non-consolidated sediments in
western side of the landslide.

The Fatalak landslide which is placed in late Quaternary unconsolidated sediments with
high amount of gravel has a distance of 7km to the north-east of Rudbar city. These
sediments are the most involved material of the landslide. In addition to predominant
landslide behaviour of the mass movement, there is some evidences which show
rockslide activity in the sides of the landslide area. These rock slides are highly
consolidated conglomerates that might be brecciated in a fault zone. Because the apparent
fault is covered by disrupted materials no evidence of new faulting observed during the
field investigation. However removed big blocks such as those shown in Figure
1-8(above) verify that the area could be exposed to a faulting activity during the event.
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1.4 Climatology and Hydrology
Slope stability is highly dependent to water content of material. Having hydrologic and
precipitation data in addition to climatologically information is useful to evaluate static
and dynamic slope stability. In the following, effect of these factors on the slope stability
evaluation will be discussed.
The area of interest is located in a transitional zone between a northern wet climate
(Caspianide) and a southern dry climate. The wet zone is predominant in the northern
part of the area where the Alborz Mountain blocks its southward movement. Here the
Sefidrud River plays a role as a channel to connect these two climatological regimes.
Lots of influences come from the location of the river and its valley. One of the effects is
powerful winds through the river channel that nowadays is a source of energy by
installing wind turbine towers. As Rudbar city and the landslides are located near the
river they are affected by the condition of the transitional channel. Figure 1-9and Figure
1-10 show the contour maps of rainfall and evaporation respectively. In the Sefidrud
valley as a result of the low altitude, dry winds from the interior move towards Gilan.
They create an area of low rainfall which extends up to some 40 kilometres from Rasht
(Badripour).
As the Figure 1-10 shows the equipotential line for evaporation in the study area is
2000mm per year for the Rudbar landslide and 1800mm for the Fatalak landslide which
are higher than their neighbourhood. There is also some statistical information about
climatological condition in the area before and after the event. The first series is adopted
from Haeri (1996) shown in table 1 (appendix 2) and demonstrate the precipitation value
between 1962 and 1972 from Rudbar synoptic station. The second series from Manjil
station shows the same value between 1994 and 2003 (table2 in appendix 2). Table 3
(appendix 2) shows climatology information for month of June between 1994 and 2003.
As tables show the number of sunny hours, value of precipitation, measurement of
evaporation and humidity are not the same in different years. It supports the idea that the
area is in an intermediate position between wet and dry climate. According to these sets,
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in the years after the event the area has exposed to drought which is in agreement with
other information that show Iran has experienced years of drought in 90’s.

Figure 1-9 Equipotential lines for precipitating in the study area, reproduced from Hafezi (1993).
Blue and red rectangles indicate Rudbar and Fatalak landslides respectively.

There are some differences between the data in climatological tables and the
equipotential figures, because data that used in the tables are from the synoptic stations of
Iranian Meteorological Organization(MOI), but equipotential figures has produced based
on measuring stations of MOI and several local measuring stations due to Ministries of
Agriculture and Energy. The other result from the above tables is the higher the elevation,
the more the number of frozen days, and the less the amount of humiditation (Hafezi,
1992). For example the number of frozen days during a year is 125 days for mountainous
area and 11 days for coastal area near the Caspian Sea.
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Figure 1-10 Equipotential lines for evaporation in the study area, numbers are in mm. As the
equpotential lines show the amount of evaporation has a southward increase along the Sefidrud
River, reproduced from Hafezi (1992).

The other advantage from the figures and tables of climatology is that the effect of
precipitation could be a bit lower than the other areas near the Sefidrud channel.
Similarly higher evaporation in the area drops the amount of existing water in the
landslide bodies. However in both locations especially in the Rudbar landslide numbers
of water springs used to let snow melting waters of higher elevation exit. Most of the
spring disappeared after the event because they missed their steam to exit. As a result in
the Rudbar landslide the snow melting water that flew down to the valley created three
pools in the slide area. Nowadays one of them is still there and two others consumed by
the local people to recreate their olive gardens.

The study area in northern Iran is placed in a highly active seismic region with several
shallow earthquakes. Manjil-Rudbar earthquake is a recent consequence of tectonic
activity in the area. The earthquake of June 20, 1990 led the area to be exposed for tens of
landslides some of them catastrophic. Two of the destructive landslides subjected to the
25

existing study as a collaboration between International Center for Geohazards, Norway
(ICG), Department of Geosciences, University of Oslo (UiO) and Geological Survey of
Iran (GSI). As the area is located in a transitional climate from dry to wet zone, higher
precipitation in elevated zones and snow melting runout in an area which exposed to
another mass movement in its history (the Rudbar landslide) in addition to rain
infiltration (the Fatalak landslide) could lead both of them to slope failure when they
subjected to a severe earthquake.
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2 Geological Setting
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2.1 General geology
Rudbar is placed in the middle of Alborz Orogenic Belt. The Alborz mountain system in
northern Iran, extending in a sinuous manner for about 2000 km from the Lesser
Caucasus of Armenia and Azerbaijan Republics of the former Soviet Union in the
northwest to the Paropamisus mountains of northern Afghanistan to the east (Alavi
1996,#1).
This belt contains geological sequences from Neoproterozoic (Kahar Formation) to
recent alluviums. Figure 2-1 is a representation of the tectono-lithofacies units of the
Alborz system. Clearly all the variation of Igneous, sedimentary and metamorphic rocks
are exposed in this system.
According to the geological map of Rudbar (Nazari and Salamati 1998) the study area
consists of Permian rocks to recent alluviums that Figure 2-2 shows a brief definition of
the lithological units ranging from oldest to youngest.

2.2 Geology of the Rudbar Landslide
The first landslide that is investigated here in this report is the Rudbar landslide. This
landslide is composed of two layers over the slip surface.
•

The first layer composed of the Jurassic dark silts and slate with interbedded
arkosing sandstones and coal and quartz veins (Shemshak Formation). During the
Late Ice Age the study area may have been exposed to a landslide, where
Shemshak materials transported and deposited as the host rocks for new slide.
Pedrami et al. (1990) believes that there is a minor possibility to have an old
landslide there, but they address the disturbance in mainly Shemshak bedrocks as
debris flow produced by physical weathering in the late Ice Age. In the following
sections discussion whether the Jurassic bedrock has been exposed to a previous
landslide or not will be discussed. The Jurassic bedrock prepared granular
materials that slid during the 1990 earthquake. Figure 2-3 shows the disturbed
materials mainly including the Shemshak Formation materials. The picture has
taken from the uppermost of the landslide where the main scarp is exposed. This
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unit is the oldest part of the landslide. According to geophysical investigation the
slip surface is located to the beneath of this layer.

Figure 2-1 Columnar representations of the major tectono-lithofacies units of the Alborz system,
from Alavi (1996).
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(description in next page).
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Figure 2-2 Geological map of the area, reproduced from Nazari and Salamati 1(998), Curtsey of
Geological Survey of Iran. Lithological units of the study area are reproduced from the same map.
The red rectangular to the right corresponds to Fatalak landslide, and to the left is belong to Rudbar
landslide. The red arrow shows location of a fault that effected on the Rudbar landslide.

•

The upper layer composed of one to two meters of Holocene (Pedrami et al. 1990)
brown clayey material (Figure 2-3). Pedrami et al. (1990) divided this layer to two
subdivisions. The oldest one belongs to 10000 to 4000 years ago and the youngest
layer corresponds to last 4000 years according to some Pre-Islamic traces in the
layer (Pedrami et al. 1990).
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Figure 2-3 Composition of the first layer of the Rudbar landslide in the intact part, as it is clear this
layer has been exposed to an old landslide activity. In some locations coal veins are visible.

2.3 Geology of the Fatalak Landslide
The second landslide in this investigation is Fatalak Landslide. The landslide is located in
a non-similar condition than the first landslide. Similarly the slide area is composed of
two main lithological parts.
•

The oldest unit that is involved somewhere in the sides of landslide (Figure 2-4) is
volcanic tuffs and andesites formed during the volcanic activity of Eocene (Arc
Assemblage). The Alborz magmatic assemblage (including Karaj Formation of
Eocene age) consists of both submarine and subaerial, porphyritic and nonporphyritic, massive lava flows of andesitic and andesite-basaltic compositions,
rhyodacites, extensive well-bedded, calcareous and non-calcareous pyroclastics
(Bailey et al., 1948) such as tuffs and agglomerates (andesitic and trachyandesitic
in composition) ( Alavi, 1996).

•

The youngest unit of the landslide area that were more involved in the movement
is Quaternary clastic lake deposits which are badly sorted, unconsolidated and
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variable in its contents. This layer covers the volcanic unit disconformably
(Figure 2-5). According to the XRD laboratory reports done by the corresponding
laboratories in the GSI and Department of geosciences, UiO cements of these
sediments is mostly completed of mixed smectite and illite. These deposits are
syn-orogenic sediments (Alavi 1996) formed in a transtensional basin (Nazari
personal conversation) formed in the Alborz orogenic belt during Pliocene
Quaternary. In general the Pliocene and Quaternary non-marine strata that
disconformably cover the Miocene marine beds are predominantly coarse to fine
conglomerates (with well-rounded pebbles and calcareous or argillaceous matrix)
and light-colour marls (Sussli, 1976; Asadian et al., 1994).

.

Figure 2-4 Involvement of Eocene andesites to the Fatalak landslide in its eastern side.
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Figure 2-5 General view of western side of the Fatalak landslide. The red line shows the contact
between andesiets and clastic sediments and position of sliding.

2.4 Structural geology and Tectonics
Tectonically Iran is subdivided by many geologists into different subdivisions. Here we
explain the position of the study area in the Iranian tectonic provinces the subdivision
done by Alavi 1991 is used (Figure 2-6).
The study area is located in Alborz System, an active tectonic zone in the northern Iran,
where a suture zone bounds it and Iranian plate from Eurasian ( Turan) plate to the north.
According to Stocklin (1968, 1974) and Alavi (1991) the geological data show that the
collision of Iran with the Turan plate began during the Late Triassic or the Early Jurassic,
corresponding to the first Cimmerian folding. The Alborz has an average elevation of
nearly 3000 m and includes three of the highest points in Iran (the Quaternary Damavand
volcano, 5670 m; Alam Kuh, 4822 m; and Takht-e-Soleiman, 4659 m). Elevation
decreases abruptly northwards over ~50-60 km to the Caspian Sea (~30 m below sea
level). A continent- continent colisional structure bounds Alborz system from its northern
juxtapose; the Eurasian plate. Alborz system does not have similar boundaries in its other
directions. Along the western, south-western, and southern boundaries of the Alborz not
only the nature of tectonic boundaries varies, but the tectonic elements, which are
juxtaposed against the Alborz, are also of different types (Alavi 1996). In the eastern part
of Alborz Systam it is bounded to the south by Central Iranian blocks. Alavi (1996)
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concerns a transformal suture in the area and calls that as Neo Tethyan Transformal
Suture (RRITF in Figure 2-6). To the west where the study area is located and northwest,
the Alborz is juxtaposed against the Urumieh-Dokhtar magmatic assemblage (UDMA)
(NTC-ACS in Figure 2-6). Alavi(1996) considers this juxtaposition as a result of the
early Cenozoic arc- continent collisional processes due to the northeastward subduction
of a narrow, elongated back-arc basin beneath the western south-western part of the
Alborz continental block.
The tectonics of the Alborz system is dominated by thrust faults (Alavi 1996). In his
explanation Alavi expresses that folds are predominantly of fault-related origin and
mostly disharmonic. Thrust faulting has resulted in the displacement of numerous
structural sheets and duplex systems, such as those that explained by Nazari and

Figure 2-6 Tectonic subdivisions of Iran, Abbreviations: AB – Alborz belt, AMA –
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Alborz magmatic assemblage, EIB – East Iran belt, EIMA – East Iran magmatic
assemblage, KD – Kopeh Dagh fold belt, LB – Lut block, M – Mashad, MAP
– Makaran accretionary prism, MBL – Major basement lineament, NTA-ACS –
Neo-Tethyan arc – arc collisional structure, NTC-ACS – Neo-Tethyan continent – arc
collisional structure, OL – Oman line, PTC-CCS – Paleo-Tethyan continent – continent
collisional structure, RRITF – Rotation-related intracontinental transfer fault,
TF – Thrust fault, SSF – Strike-slip fault, PBB – Posht-e-Badam block, S – Shiraz,
SB – Sabzevar block, T – Tehran, TB – Tabas block, TSB – Tabriz-Saveh block, U –
Urumieh, UDMA – Urumieh-Dokhtar magmatic assemblage, YB – Yazd block, ZO
– Zagros orogen. The red rectangle specifies the study area, (after Alavi, 1991).

Salamati(1998) in Harzebill fault zone in western Manjil, also with various amount of
transportation which
grossly formed a complex, composite antiformal stack, as the dominant style of
deformation in the Alborz, (Figure 2-7).To explain about the surface rupture of the recent
earthquake of the Rudbar in 1990, Moinfar and Naderzadeh (1990) reported right lateral
movement on the Manjil thrust (Harzebill fault zone), near the study area. In the
following sections different ideas about the surface rupture will be discussed.

Figure 2-7 Schematic structural model propoosed for the Alborz system showing a complex
composite duplex structure with antiformal geometry cut by low-angle, detachment normal faults.
The high-angle normal faults shown in the rear of the stack represent those which have formed the
Caspian depression (from Alavi 1996).

36

There are also other interpretation about Alborz and its tectonic setting. For example
Stocklin (1974) refer to the South Caspian depression as an ocean crust that may be
remains of Paleo-Tethys. However Alavi (1996) considers the depression as a back-arc
pull-apart basin which is a deep, fault-bounded extensional basin filled with more than 20
km of Cenozoic semi-oceanic crustal and clastics rocks.
The macroseismic area extends over: a)Tarom Mountains to the south, b) Talesh
mountains to the north and c) Manjil basin (Niazi and Bozorgnia 1992). Nazari and
salamati (1998) made their interpretation for Rudbar tectonics based on these mountains
and Manjil detrital basin. According to their interpretation these two mountains are
similar in their generation and geometry but they have some differences in their evolution
during Mid-Cenozoic. Evolution of the Tarom Mountains is because of the uprising of a
granitoid masses during middle Cenozoic.
Thrust faulting is the prevailing phenomenon in the Talesh Mountains as well as the
Tarom Mountains (Nazari and Salamati 1998). The Tarom Mountains contains of many
thrust sheets with E-W and NW-SE trends. These sheets in the mountains to the east of
Rudabar (Espiesi Mountain) show a northward dip that convert to a gentle southward and
south-westward dip to the southern part of the mountain (Nazari and Salamati 1998).
These thrust faults have affected the Jurassic silt and sandstones near the Rudbar
landslide that shown in the geological map of the study area in Figure 2-2. The third
tectonic segment of the study area is the Manjil Detrital basin. This basin is a piggy back
basin which is formed in a contractional structure (Nazari and Salamati 1998). Here basin
subsidence and sedimentation is controlled by tectonic movements, especially the
overthrusting of nappes from the northern part of the Alborz. The creation of high level,
unconsolidated recent clastic deposits in the Fatalak landslide could be happened in the
sedimentation processes in piggy back basin of Manjil. In the Talesh Mountain new
thrust faults started to form and move toward south after the collision between Iranian
and Eurasian plates completed. During the movement of thrust sheets erosion in the
thrusts of high mountains in northern Alborz such as Talesh Mountains and also
regression of the sea propagate deposition of clastic materials in the foreland basin
created after the collision. This event has happened in various times since Jurassic to
recent. Orogenic activity in the area during Miocene induced extensional magmatic
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activity (Nazari and Salamati 1998). These volcanic rocks are exposed and somehow
involved in the Fatalak landslide.
The area of interest is located in the Alborz mountain range of northern Iran where the
collision between two converging continental plates (Iran and Eurasia) is completed. The
predominant tectonic setting of the area is thrust faulting so that some which some of
them are still active in the area. There are some reports eg. Moinfar and Naderzadeh
(1990) and Zare and Moinfar (1995) indicate that the Manjil-Rudbar earthquake of June
20, 1990 is a consequence of reactivating a thrust fault system near Manjil city. However
others like Ramazi(1991) and Berberian et al. (1992) introduce a new set of strike slip
with a convergence of reverse faulting as the motivate of the earthquake. The later claim
is not in encounter with the concept of predominant thrust faulting in the area.
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Landslides in the area

Landslides

are

serious

geologic

hazard,

threatening

public

safety,

natural

resources, and infrastructure, as well as creating new landscapes. Many of landslides
occur in natural slopes. However, some of them are triggered in man-made slopes. When
an earthquake happens, it triggers ground shaking that causes sliding of moderately to
marginally stable slopes. Earthquake induced landslides have caused tremendous
amounts of damages throughout history. Keefer (1984) has reported 40 historical
earthquakes that triggered landslides. In his paper, he classified earthquake-induced
landslides on the basis of material type (soil or rock), character of movement (disturbed
or coherent), and other attributes such as velocity, depth, and water content.

3.1 - Landslides triggered by earthquakes
Subaerial landslides
Earthquake-induced landslides have reported since prehistoric times. According to Wolfe
(1977) one of the world’s largest subaerial landslide is an 18km × 25km displaced block
of limestone on Samar Island, the Philippines. This block was interpreted by Wolfe to be
an earthquake-triggered Holocene landslide, possibly as large as 135 km3 in volume.
Another huge prehistoric landslide that was probably earthquake-induced is the Simareh
landslide in southwest Iran (Figure 3-1) (Harrison and Falcon, 1938; Watson and Wright,
1969). The landslide is composed of limestone debris, which occurred about 10,00011,000 yrs B.P. (Watson and Wright, 1969), has a surface area of 166 km2 and an
estimated volume of 24-32 km3, making it as one of the world’s largest subaerial
landslides (Shoaei and Ghayoumian, 2000) (Figure 3-1and Figure 3-2).
The world’s largest historic landslide with highest natural dam was formed by the
earthquake triggered Usoi rockslide–rock avalanche, which dammed the Murgab River in
the Pamir Mountains of south-eastern Tajikistan in 1911 (Schuster, 2002). The resulting
600-m-high dam impounds the 53km long, 550m deep Lake Sarez. This natural dam is
twice as high as Nurek Dam (also in Tajikistan), the world’s highest man-made dam. The
dam has not been overtopped; inflow from the Murgab River and outflow (seepage)
through the dam, in the form of several large outlet springs, appear to be in equilibrium.
Thus, this landslide dam will continue to have a major effect on the long-term gradient of
the Murgab River.
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Figure 3-1 Geologic map of the prehistoric Simareh (aka Seimareh, Saidmarreh) landslide in southwestern Iran that shows the 40km long Simareh Lake, which has been filled by lactustrine sediments
to form a large dissected plain. Note that smaller Jaidar Lake was also impounded by the landslide
and has also since been filled by sediment. Location of landslide within Iran is indicated on index
map by star. (After Shoaei and Ghayoumian, 2000.)

Perhaps Lake Valasht in northern Iran is created by a natural dam because of a
landslide induced by earthquake in Alborz mountainous area, northern Iran. Figure to the
opening page of this chapter shows a wide shot of the Valasht lake. Further geological
and geotechnical investigation is needed to study the lake in order to find the rule of
earthquake in its creation. There is a new report on the Iranian media that the landslide
body which is blocked the river and created the lake is going to be fractured. Some of
them refer to the shocks of the Manjil- Rudbar earthquake as a cause of the fractures.
Among literature that has been published in scientific texts Varnes (1978) and Keefer
(1984) cover the basic classifications. Varnes classified landslides on the basis of their
type of movement and their type of material. He defined five types of movements: falls,
topples slides, spreads and flows; and three type of material: rocks, debris, and earth
(Table 3-1).
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Figure 3-2 Up : Geometrical information of Seimareh historical landslide, reproduced from Shoaei
and Ghayoomian (2000). Down: Satelite image of the landslide from http://www.nasa.gov. The red
shape shows landslide area.

42

Type of Material
Type of Movement

Bedrock

Engineering Soil
Predominantly Coarse

Predominantly Fine

Fall

Rock fall

Debris fall

Earth fall

Topple

Rock topple

Debris topple

Earth topple

Slide

Rock slide

Debris slide

Earth slide

Spread

Rock spread

Debris spread

Earth spread

Flow

Rock flow

Debris flow

Earth flow

Table 3-1 Classification of Slope Movements, after Varnes (1996).
Varnes (1978) also provided idealized figures to describe the feature of landslides.
An important aspect of evaluating the potential for earthquake-induced landslides is the
recognition of the types of slope failures commonly caused by earthquakes. Keefer
(1984) studied 40 historical earthquakes and found that different types of landslides occur
with different frequencies. He also introduced some diagrams to show the relation
between magnitude of earthquakes and area affected by the landslides, magnitude and the
distance between epicenter or magnitude and the distance of landslides to the main fault
rapture. Later on Keefer (1999) expanded his database to add some new information of
the landslides that were induced by earthquakes after 1984. In his recent paper he
introduced new relationships between the magnitude and the produced sediments after
landslide.

3-2 Number of landslides in historical earthquakes
According to Keefer (1984):
-

The number of landslides caused by an earthquake generally increases with
increasing magnitude. However, other parameters like local geologic condition
and seismic parameters determine the number of landslides.

-

The number of pre-existing landslides that are reactivated in the next earthquake
is small with some exceptions, and most landslides occur in the materials not
previously involved in landslides.

-

Reactivation is related to the high precipitation season and also high ground
acceleration.
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-

Most abundant landslides in his report are rock falls, disrupted soil slides, and
rock slides, because they are susceptible to initiation under seismic conditions and
the geologic environments that produce them are widespread.

-

Because of lack of information the number of subaqueous landslides is apparently
low.

Table 3-2 shows the relative abundance of different types of earthquake-induced
landslides.
Keefer (1984) identifies fourteen types of landslides that are referred in table 3-2. He also
classifies landslides related to the intensity of shaking (Table 3-2).
Disrupted slides are earth materials in such failures is sheared, broken, and
disturbed into a nearly random order. Disrupted slides and falls usually found in steep
terrain can produce extremely rapid movements and cause a lot of damage. Rock
avalanches, rapid soil flows and rock falls have historically been among the leading
causes of death from earthquake-induced landslides.

Relative Abundance of

Description

Earthquake-Induced Landslides
Very Abundant

Rock falls, disrupted soil slides, rock slides

(more than 100,000 in the 40 earthquakes)
Abundant

Soil lateral spreads, soil slumps, soil block slides,

(10,000 to 100,000 in the 40 earthquakes)

soil avalanches

>Moderately common

Soil falls, rapid soil flows, rock slumps

(1000 to 10,000 in the 40 earthquakes)
Uncommon

Subaqueous landslides, slow earth flows, rock

(100 to 1000 in the 40 earthquakes)

block slides, rock avalanches

Table 3-2 Relative abundance of earthquake-induced landslides from 40 historical
earthquakes (Keefer, 1984)
Coherent slides, such as rock and soil slumps, rock and soil block slide, and slow
earth flows, generally consist of a few coherent blocks that translate or rotate on
somewhat deeper failure surface in moderate to steeply sloping terrain. Most coherent
slides occur at lower velocities then disrupted slides and falls.
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Type of shaking

Intensity

Weakest

Rock falls, rock slides, soil falls, disrupted soil falls

Strong

Lateral spreads, flow

Strongest

Rock avalanche, soil avalanche

Table 3-3 Relationship between the intensity of shaking and type of landslide (Keefer 1984).
Lateral spreads and flows generally involve liquefiable soils, although sensitive clays can
produce landslides with very similar characteristic. Due to the low residual strength of these
materials, sliding can occur on remarkably flat slopes and produce very high velocities. The
different types of earthquake-induced landslide occur with different frequencies. Rock falls;
disrupted soil slides, and rockslides appear to be the most common types of landslides observed
in historical earthquakes. Subaqueous landslides, slow earth flows, rock block slides, and rock
avalanches are least common, although the difficulty of observing subaqueous slides may
contribute to their apparent rarity (Table 4). Table 4, which is reproduced from Keefer (1984),
shows type of movement, velocity and depth of the landslides.Keefer (1984) in addition to the
number of landslides in historical earthquakes, discussed the relationship between landslides
and seismic parameters and also the relationship between earthquake-induced landslides and
geologic environments.
Name

Type of movement

Velocity of movement

Depth of slip surface

Rock falls

Bounding; rolling; free fall

Extremely rapid

Shallow

Rock slides

Translational

Rapid to extremely rapid

Shallow

Rock avalanches

Complex

Extremely rapid

Deep

Rock slumps

Sliding

Slow to rapid

Deep

Rock block slides

Translational

Slow to rapid

Deep

Soil falls

Bounding; rolling; free fall

Extremely rapid

Shallow

Disrupted soil slides

Translational

Moderate to rapid

Shallow

Soil avalanches

Translational

Very rapid to extremely rapid

Shallow

Soil slumps

Sliding

Slow to rapid

Deep

Soil block slides

Translational

Slow to very rapid

Deep

Slow earth flow

Translational

Very slow to moderate with

Generally

very rapid surges

occasionally deep

Soil lateral spreads

Translation

Very rapid

Variable

Rapid soil flows

Flow

Very rapid to extremely rapid

Shallow

Subaqueous landslides

Complex

Generaly rapid to extremely

Variable

shallow,

rapid, occasionally slow to
moderate

.
Table 3-4 Some characteristics of earthquake-induced landslides reproduced from Keefer
(1984).
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Landside distribution and seismic parameters
The smallest earthquake that cause landslide in Keefer’s report had local magnitude, ML = 4.0
(Table 3-5).
Rodriguez (2001), based on the extension in Keefer’s data and new studies on the worldwide
earthquakes, revised the smallest earthquakes associated with various types of landslides. His
results are presented in Table 3- 6.
Magnitude
ML=4

Landslide type
Rock falls, rock slides, soil falls and disrupted soil slides

ML=4.5

Soil slumps and soil slides

ML=5:0

Rock slumps, rock block slides, slow earth flows, soil lateral spreads,
rapid soil flows and subaqueous landslides

Ms=6.0

Rock avalanches

Ms=6.5

Soil avalanches

Table 3-5 Relationship between Magnitude (local and surface) and type of landslide (after
Keefer, 1984)
LANDSLIDE TYPE

MAGNITUDE

1. Rock falls, rock slides, soil falls, and disrupted soil slides

ML=5.5, MS=5.4

2. Soil slumps and soil block slides

ML=5.5, MS=5.4

3. Rock slumps, rock block slides, slow earth flows, soil lateral spreads, rapid soil flows, and subaqueous

ML=6.5, MS=5.9

landslides
4. Rock avalanches

MS=6.5

5. Soil avalanches

MS=6.0

Table 3-6 Smallest earthquakes to cause landslides of various types in the extension of Keefer’s
database after Rodríguez (2001).
Relationship between magnitude and area affected by landslides
By calculating the bounded area of the reported landslide localities in an earthquake
Keefer designed a diagram that shows that the increase in the magnitude leads to an increase in
the landslide-prone area. This diagram is based on the historic data base of Keefer(1984). Most
of the areas are irregular in shape and asymmetric with respect to epicenters or fault rupture. In
his diagram, Keefer found some scatters which are due to lack of information, for example for
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offshore landslides, regional differences in seismic attenuation, uncertainties in area and
magnitude determination, seismic parameters other

than magnitude and local geological

conditions (Figure 3-3).
Relationship between magnitude and maximum distance of landslides from epicenter and
fault rupture
Keefer also studied the distribution of landslides related to specific magnitudes as a
function of earthquake epicenter and earthquake fault rupture. He found that there are different
regimes to introducesuch as the relation between the distributions of magnitude of earthquake
that induced landslides and their distance from the epicenter or fault rupture. Disrupted slides
or falls are triggered with lower magnitude but far from the epicenter. However, coherent slides
need a stronger magnitude than the latter and happen closer to the epicenter. To produce
landslides such as lateral spreads or flow, even stronger shaking seems to be needed and they
happen closer to the epicenter than the others. Based on the new data, Rodríguez et al. (1999)
suggest that for an intermediate magnitude range between about 5.3 and 7.0, the upper bound
of the affected area is slightly above that suggested by the pre-1980 database.
Keefer also has plotted information about soil liquefaction phenomenon in Japan (Figure
3-4). There are consistent data for the magnitude of earthquake that induce landslides as a
function of maximum distance from the fault rupture (Figure 3-5).

Figure 3-3 Area affected by landslides in earthquakes of different magnitude, after Keefer (1984).
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Figure 3-4 Maximum distance from epicentre to landslides induced by earthquakes of different
magnitudes. Line A is bound for disrupted falls and slides, B is for coherent slides, C is for lateral spread
or flow, and D is for soil liquefaction phenomena in Japan, reproduced from Keefer (1984).

Figure 3-5 Maximum distance from fault rupture zone to landslides induced by earthquake of different
magnitudes. Definition of lines is like Figure 3-4, after Keefer (1984).

New data on study of earthquakes characteristics
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Keefer (1999) established a new database that includes some information about the
volume of sediments that are produced by different earthquakes, (Figure 3-6). In his new
database he found that the number of landslides in each seismic event does not appear to
be dependent on the earthquake size. For example the number of rock and soil
avalanches, slow earth flow and lateral spreads are relatively fewer than those in Keefer
(1984). However, the proportion of disrupted soil slides is much larger. As Keefer
pointed out many landslides occur without seismic triggering, and therefore on a slope
that is imminently unstable a landslide could be caused by very weak shaking (Rodriguez
2001). The smallest earthquake to have induced landslides found during compilation of
new database was an earthquake in China with M=2.9 which happened in 1984.
In order to study a seismic hazard(earthquake, landslide and liquefaction), three grades of
approach to zonation can be obtained, depending on the quality and quantity of the
available data (Rodriguez 2001). Grade-1 zonation is based on compilation of existing
information. Some of the Grade-1 approaches are described in the references previously
mentioned in this report (Keefer 1984 and 1994, Rodriguez 1999).

Figure 3-6 Magnitude-Volume of sediments relationship ( Keefer, 1994).
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This grade is the crudest and cheapest, used for covering a wide region such a country,
state, province or prefecture, or local areas (Rodriguez 1999). The available information
in Grade-1 could be further developed to a detailed Grade-2 zonation, an example of
which is described below. When a very high and very detailed level of zonation is
required, for example using site investigation data for a specific site, it is possible apply a
Grade-3 zonation (Rigorous zonation) (Rodriguez 1999). Table 3-7 shows the data used
for these three levels of zonation for ground motions, slope stability and liquefaction.
An example of Grade-2 zonation for Earthquake-induced landslides hazard
assessment
Feiznia and Bodaghi (2000) established a Grade-2 zonation method for the north of Iran.
The method is based on field observation of parameters defined as effective in landslide
occurrence, i.e.: a) elevation (E); b) slope gradient (s); c) slope aspect (D); d)
susceptibility to earthquake (g), which were used as independent variables in a
multivariate analysis. Regression analysis was not performed for actual values of slope
angle or elevation. Instead, they were replaced by class values, as shown in Table 3-8.
Similarly, slope aspect (the orientation of slope face) that was defined qualitatively was
replaced by class factors. Finally, seismic susceptibility was express in terms of the peak
ground acceleration, PGA, as a percentage of g. Values of g used for regression were
obtained from a local attenuation equation for PGA.
Since the model is defined for a very dry zone, it does not consider climatic factors,
hence its applicability is restricted to regions of similar climatic and seismic conditions, if
not to Iran only.
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Table 3-7, Use of data for three levels of zonation from Rodriguez (2001).

Table 3-8, Slope susceptibility classification for earthquake-induced slides in northern
Iran, Feiznia and Bodaghi model (after Feiznia and Bodaghi, 2000)

Submarine Landslides
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Submarine landslide is a general term to describe a down slope mass movement of earth
material from shallower to deeper regions of the sea floor. In doing so, the submarine
landslide process causes major changes in offshore topography. The recent development
of well-integrated surveying techniques of the seafloor has enabled study of many
previously undiscovered submarine landslide masses worldwide. These studies have
found that the compositions, mechanics, and morphologies of mass movements above
and beneath the surface of the sea have many similarities, as well as significant
differences (Hampton et al., 1996). Materials involved in submarine mass movements are
as diverse as those on land, i.e., rock, soil, mud, and mixtures of all three (Locat and Lee,
2002). In addition, as shown in Figure 3-7, classification of submarine landslides by types
is similar to the common classifications of subaerial landslides. Enormous size is one way
that submarine landslides differ from those above sea level. The largest submarine
landslide yet discovered, the prehistoric Agulhas slump off the coast of South Africa,
is750 km long and 106 km wide (Dingle, 1977).

Figure 3-7 Classification of submarine mass movements after Locat and Lee (2002).

3.2 Landslides induced by the Manjil-Rudbar earthquake
As the earthquake happened in a mountainous area, numerous landslides were triggered by
the earthquake. The number of reported landslide events vary from 76 (Haeri and Gatmiri
1996) to 140 (Shoaie and Sassa 1993). Table 1 in appendix 3, adapted from Haeri and
Gatmiri (1993), is based on several days of field investigation. They calculated the distance
between occurred landslides and surface rupturing based on Berberian et al. (1992)
assumption. As it mentioned before the surface rupturing is a new strike slip fault with
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reverse convergence (Berberian et al. 1992). The later literature and the other documentation
by IIEES (1992) imply that the surface rupture is a set of non-continues faults (Rudbar faults)
that have a length equal to 80 km. Despite to the conflicting data about the location of surface
rupture, Haeri and Gatmiri (1993) listed the distance of occurred landslides to surface rupture
as table 1in appendix 3. Figure 3-8 shows the relationship between the number of landslides
and their distances to the surface rupture and the epicentre respectively. As the figure shows,
most landslides occurred within the distance less than 20 km, however there are some
landslides with a distance more than 50km to the surficial rupture and the epicentre.
According to IIEES (1992) the furthermost landslide (rock fall) happened in the area is
located 50 km to the south of both the main rupture and the epicentre. This phenomenon does
not exceed related diagrams of Keefer (1984) for rock falls (Figure 3-9)
There is also another list of information about landslides induced by the 1990 earthquake of
northern Iran by Komak Panah et al. (1992) that is shown in Figure 3-10. As the figure
shows number of landslides that counted is higher than those listed by Haeri and
Gatmiri(1993), but shows the same trend as Figure 3-10 shows. Most of the slides occurred
in the nearest distance to both surficial rupture and epicentre.
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Figure 3-8 Distance between landslides triggered by the earthquake of Manjil-Rudbar to the
earthquake epicentre and surface rupture, reproduced from Haeri and Gatmiri (1993). For the
Rudbar landslide the distance between the landslide and epicentre has corrected. The outlier
in the second diagram is adopted from IIEES (1992).
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Figure 3-9 The maximum distance of the furthermost landslide to the epicenter (left) and the
main surface rupture (right) which does not exceed on Keefer (1984) diagrams.

Figure 3-10 Relationship between number of landslides induced by the earthquake, and
surfuce rupture and epicentre of the earthquake of Manjil-Rudbar based on Komakpanah
(1992).

According to Komakpanah et al. (1992), the area affected by landslides in the
earthquake of 1990 is 225 km2. This estimate is also within the range given by Keefer’s
(1984) study (Figure 3-9).
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3.3 Previous landslides in the area of Rudbar landslide
Mass movement in the region is not an unusual phenomenon. However most of the
landslides in the area are triggered by the earthquake of 1990. There are some
reports that claim occurrence of previous landslides in the area. Hafezi(1993)
mentions an old landslide in Totkabon some 15km to the north of study area that
may triggered by an earthquake. In Aghoozbon area 1km to the north of the Rudbar
landslide another old slope failure is recorded. In other places like, Rudbar and
Fatalak number of previous slope failures is visible.
One of the significant landslides which classify as a debris slide has been existing
during the earthquake (Figure 3-11). Its height and width is about 30m and its depth
is about 8 m. Years after the sliding its area has converted to a small garden. despite
to potential for subsequent slides in its neighbouring slope a good irrigation system
passed from the middle of the body and its locality is helping to the stability of
slope.

Figure 3-11 A debris slide close to the Rudbar landslide has happened prior than the slide.

According to Pedrami et al. (1990) the Rudbar landslide is happened in remoulded
materials which is resulted of physical weathering due to frost wedging of Jurassic
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bedrocks (Shemshak formation) in Late Ice Age. Frost wedging is a sort of Physical
weathering of rocks and soils that mechanically breaking apart by expansion of
water as it freezes in cracks and fissure. Despite some geomorphological evidences
such as deformation in the intact parts of the area and westward bending of the
Sefidrud River that passes the Rudbar valley, later report does not believe that the
area has exposed to a landslide. The geomorphological evidences that verify
massmovement prior to the Rudbar landslide will be discussed in next pages.
Pedrami et al. (1990) interpretation about old motion of the landslide might classify
in Varnes (1996) literature as a slope movement (Debris flow in table 3-1). Shoaie
and Sassa (1993) show an old landslide mostly inside the Rudbar landslide (Figure
3-12). Present study is in agreement with existence of previous landslide in the area
of Rudbar landslide. Disturbed materials in intact parts of Rudbar landslide shows
that the area has exposed to other motion than the present landslide. Extra
investigation during the present study is in agreement with Pedrami et al. (1990) in
the subject of bedrock crushing and also in agreement with Shoaie and Sassa (1993)
in the existing an old landslide. But the old landslide is not as small as that shown in
the Figure 3-12.
Aerial photograph of the area (Figure 3-13 and Figure 3-14) and a wide shot of the
landslide (Figure 3-15) clarify that the Rudbar landslide is a reactivation of a small
part of a huge slope failure. As Figure 3-13 shows of a bigger landslide (red curve
in the aerial photo) has been existing before the new Rudbar landslide. This opinion
is supported by some evidences of remoulded materials in the intact part of the slide
(Figure 3-16). As the figure shows in the intact part of the landslide flowing
materials is blocked by a mass of Jurrasic sandstones. The sinus manner on the
surface of fine grain materials in the picture can be formed by earthquake activity.
As result pedrami et al. (1990) belives that the area is consist of two events:
•

An old transaction of material due to glacial treatment and ice melting, and

•

A new landslide that happened inside the disturbed materials.

But the present study believes that
•

The area has been exposed to other slope movement that could be due to
erosion in gullies of the higer part of the area facing to the valley or
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historical earthquakes. Pedrami et al. (1990) addresses to pre-Islamic traces
in the remoulded materials subjected to old movement, and also Berberian et
al. (1992) documented a major earthquake event at about 1000 years ago in
the Marlik area (a heritage name of hills overlooking the Rudbar city).
Therefore such an earthquake could be a cause for slope movement in the
materials (see table 6-1.

Figure 3-12 Contour map of the Rudbar landslide adapted from Shoaie and Sassa (1993) that
shows the area has exposed to an old landslide.
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Figure 3-13 A pair of aerial photographs taken before the event with scale of about 1:50000 (Courtesy of
Geographical Organization of Iranian Army). Red arrow shows the expected position of the Rudbar
landslide. Red curve shows that the area has exposed to another big landslide previous than the existing
slide body. Blue curves indicate drainages (gullies) to flow water from the higher elevation(snow melting
waters) to the Sefidrud River. These drainages are almost straight and classify as gully.
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Figure 3-14 An aerial photograph of the Rudbar landslide taken after the event ,courtesy of Iranian
National Cartographic Center (NCC). The red rectangle shows the present landslide that located inside
the Bigger old landslide indicated in the Figure 3-13. The arrow shows bending of the Sefidrud River in
the toe of a huge old landslide.

As Figure 3-17 shows number of tributary or initial gullies are visible near the position of
slope failure in the Rudbar landslide. Since gully erosional feature is the initial and alarming
signature for mass movement in inclined terrains, gullies in the area of depletion indicate that
the area would be exposing to other slope failure in the future.
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Figure 3-15 A wide view of the Rudbar landslide, dashed line shows an escarpment of the old landslide
shown in Figure 3-13. The red arrows indicate the position of gully patterns in the aerial photo. These
gullies act as drainages to flow of snow melting water, the red curve shows depletion area of the recent
landslide. The yellow curve indicates bending of the Sefidrud that might be a result of an old landslide
(photo by A. Elverhøi).

Figure 3-16 An accumulation of bedrock material (red curve) stopped flowing related to an old
landslide ( arrows). The blue arrow indicates either flowing pattern of fine grain materials or
compressional deformation of surface.
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Figure 3-17 Gully erosional features close to the area of depletion show that the location still has a
potential of sliding after the event.

The Figure 3-16 has taken from the intact edge of the landslide in its north side. The
figure indicates flow of debris in earlier time than the present event. The accumulated
part which is indicated by red curve shows action of an accumulation of bedrock
sediments that prevented the flowing of material shown by the arrows.
As a result the Rudbar landslide is reactivation of an old debris flow classified by Varnes
(1996). The Rudbar landslide is not a new slope failure and could be a partly reactivation
of a huge previous landslide. The old landslide might have happened during the last
10000 years as a result of transportation of glacial materials (Pedrami et al. 1990). But
dating of the old mass movement is not well identified. Several gully erosional patterns
are noticeable in the small scale aerial photos (Figure 3-13, Figure 3-14) and close views
(Figure 3-17). A lot of tributary gullies in the study area are visible. Figure 3-15and
Figure 3-17 show some of the main and tributary gullies in the Rudbar landslide location.
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Figure 3-15 also indicates that there is a bend in the Sefidrud River that could not be a
result of meandering major pattern of the river. Looking at the aerial photo (Figure 3-14)
clarify that the bend is not a follow up of the meandering system of the river. It might be
a consequence of an old and huge landslide that happened before the existing landslide.
Indeed as it discussed in chapter 3-1, Landslides triggered by earthquakes many
landslides occur without seismic triggering, and therefore on a slope that is imminently
unstable a landslide could be caused by very weak shaking (Rodriguez 2001). The
smallest earthquake to have induced landslides found during compilation of new database
by Rodriguez (2001) was an earthquake in China with M=2.9 which happened in 1984.
Whereas previous studies on the area such as Shoaie and Sassa (1993) and Haeri and
Gatmiri(1996) show that small critical acceleration about 0.15 is enough to shock the
slope to failure.
In order to study the geomorphology of both Rudbar and Fatalak landslides it was
necessary to analyze aerial photographs taken before and after the event. The
photographs used to produce a Digital Elevation Model (DTM) were taken by the Iranian
Army in 1968 (before the event) and by the Iranian National Cartography Center in 2003
(after the event).

3.4 Previous landslides in the area of Fatalak landslide
During the earthquake some landslides happened in the neighbourhood of Fatalak village.
For example number of slides happened in Nesfi village 1km to the north of Fatalak.
These slides took place in quaternary conglomerates younger than sediments in Fatalak.
Nesfi village is a water rich area that could be a subject for more works due to rain
induced landslides.
Local witnesses report a slope failure in the neighbouring of Fatalak landslide. Based on
information gathered from local people the old landslide had moved about 60 years ago.
But it is started to move during recent years. According to the XRD results the old
landslide is mainly contains of clay rich soils categorized as mixture of smectite and
chlorite. These clays are Holocene type that are creeping toward the Fatalak valley.
Thickness of the clay rich assemblages is as high as 60 meter in some places. A limited
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geophysical investigation has done in this point in order to find a basic data base for
further works on the rain induced landslides around the Caspian Sea. However it follows
terrain of the lower volcanic bedrock which is same as bedrock of the main Fatalak
landslide. Based on apparent resistivity of materials the geophysical investigation shows
a marly layer under or inside the volcanic rocks. It is most likely because the volcanic
rocks has crushed and weathered in a fault zone passing through the valley and
demonstrates lower resistivity. Perhaps the old landslide in Fatalak could be a rain
induced landslide that is local and dependent to slope angle of the area. Similar landslides
(baby slides) are visible in clay rich sediments in the area that are not related to
earthquake activity. But earthquake can accelerate their movement. It seems that most of
them are happening in the presence of temporary high water level during high
precipitation in soils with lower permeability (Figure 3-18). There is a set of these rain
induced landslides and creeps near Dowlat-Abad, village that has built as a successor for
the Fatalak village

Figure 3-18 The opposite flank of Fatalak valley is started to move as creep. A small landslide is
situated inside the red, dashed area. This is common to find baby slides and tension cracks such as
that indicated by red arrow in the picture.
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Data
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In order to analyse the slope movement in the area a wide range of data has collected.
Information on geological, hydrological, topographical, geometrical, and material
characteristics all influence the stability of a particular slope (Kramer 1996).
During the field investigation geological and topographical descriptions of the area have
gathered. Position of both landslides recorded to GPS. Useful information obtained from
previous documents such as geological and topographical maps and geologic
geotechnical engineering reports. Field investigation has been carried out in order to
observe and map of site characteristics such as existing and potential slope stability.
Features such as scarps, gullies bulges and hummocky terrains, channels, walls and
leaning trees identified as evidences of slope failure or instability.
In addition to obtain subsurface information geophysical data has run by the
corresponding department in the Geological Survey of Iran (GSI). However topographic
complication did not allowed working in the Fatalak landslide. Soil properties and
geotechnical investigation as well as subsurface condition by excavation and in-situ
testing have done by Division of Soil mechanics, GSI. Geographical investigation has
completed by using advanced photogrammeteric software in the Department of
Geosciences, University of Oslo (UiO).
To identify involvement of clay minerals in the sliding process 8 samples collected from
the study areas and prepared to examine in XRD method. The samples examined in the
X-Ray laboratories of mineralogy in the GSA and UIO.
The following list is a set of data collected during the present study:
-

Geological observation

-

Geotechnical data

-

Geophysical data

-

photogrammeteric data

-

Clay mineralogy

In this chapter previous studies and geotechnical and geophysical investigations will
discuss. Additionally clay mineralogy will come afterwards. Geological investigation
is come in the landslide interpretation. The geographical application is introduced to
analyse of slide movement (chapter 6).
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4.1 The Rudbar landslide
4.1.1

Previous data

Several geotechnical sampling and testing programmes have run in the area.

The earliest publication after the occurrence of the slides is prepared by Pedrami et al.
(1990). This preliminary report on the Khalil-Abad (here Rudbar) landslide discusses the
geology of the landslide area. Also this report explains some geotechnical assumptions
that would be involved to facilitate the landslide. Despite the sliding behaviour of the
body in its initial stage they classified that as a predominantly soil flow. To define the
reason of sliding, Pedrami et al. (1990) assume that:
•

The Rudbar landslide occurred in a wet condition regarding to number of active
springs inside the area.

•

Normal and shear strains increased in less than one minute after intensive seismic
shock in the valley of the landslide followed by rising in the pore water pressure
and decreasing of effective pressure in the saturated parts of the body in its lower
level.

•

Water could not exit from the body very fast (in less than one minute so the
porewater pressure has increased.

•

Increasing in pore water pressure and decreasing effective pressure eased the
internal friction angle to zero (φ=0).

•

Initial cracks and escarpments formed when (φ=0). So cohesion (C) remained the
only resisting force to prevent the movement.

•

In addition horizontal shakes caused opening of vertical and relatively vertical
joints in the sedimentary layers and simplified the earth fracturing.

•

After forming the initial cracks blocks started to move.

•

Moving the blocks developed surfaces of shearing. Through these sheets shear
strength extensively fell (residual strength).

•

Faster movement of the body in second and third days of its travelling takes place
in this situation. The paper believes that after the main shock which generated the
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escarpments flow of material started. At first it had a very slow movement, but
after ward its velocity became faster.
•

During the fast movement slide body started to crushing and flowing.

•

Nowadays cohesion and angle of internal friction have increased (due to exit of
water from the body), as a result the stability of the slide body is ever-increasing.

The other report that released shortly after the event is published by International
Institute for Earthquake Engineering and Seismology (IIEES) that contains three sections
on report on surface rupturing, Analytical Report on Manjil-Rudbar earthquake and effect
of the earthquake on lifelines. Here some landslides have introduced which one of them
is a subject for further studies. The author of this part (Haeri) has published two other
reports which one of them is completely about the behaviour of the Rudbar landside.
Hafezi (1993) has done his master thesis in the area as a caste study on the Hazard
Zonation in areas with earthquake susceptibility. Many of his information about the
climatology of the area is used in the existing study. He also gathered some data about
earthquake induced landslides in the area with short description of both Rudbar and
Fatalak landslides. Table 4-1 shows the description of the Rudbar landslide. To finding
the involved factors in instability of slopes during earthquakes he listed the fallowing
factors.
1- Magnitude of the earthquake and the distance of landslide to main rupture and
epicentre (Keefer(1984 and1989) method),
2- Earthquake intensity,
3- Slope inclination,
4- Slide orientation,
5- Active faults: faults cause brecciation and weathering of rocks and expose them to
slide, different conductivities in different sides of faults, slight movement of the
body due to fault activity,
6- Underground water and its role on decreasing the stability,
7- Topographic effect that slopes in higher levels have less stability compare to those
in the lower levels.
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Hafezi (1993) introduced some landslides that had happened before the event. These old
landslides such as Gavkhasb landslide to the north of Rudbar that counted as a single
landslide which could be happen during an event such as earthquake or intense raining.
Possibility of grouping the old landslides is useful in zonation of landslide hazard
(Hafezi 1993).
Name

Rudbar Landslide

Length (m)
Width (m)
Heigth (m)
Heigth of escarpment (m)
Angle before the event (deg.)
Angle after the event
Type
Type of movement
Consequences
Drinage
Possible causes

Lithology

2300
400 in crown 250 in toe
500
50
15
12
Soil flow
Very fast (compare to creeps)
Road, channel, olive groves
Not existed, springs
Erosion, lithology, weathering,
structure, slope angle,
earthquake
Silt, gravel. clay

Table 4-1 Specification of the Rudbar landslide based on Hafezi (1993).
Liaghat (1993) in his master thesis studied on the slope stability of some landslides in the
area based on Filinious and Bishop methods. In this research number of samples is
collected in order to find the geotechnical specification. Table 4-2 summarizes the results
of these geotechnical data for the Rudbar landslides.
Name
Sample Number
Liquid limit
Plastic limit
Soil type
φ (degree)
C (g/cm2)
Unit weight(g/cm3)

Rudbar Landslide
1
2
3
39
37
39
18
16
18
Sc
Sc
Sc
30
31
30
0,08 0,08 0,09
1,8
1,8
1,8

4
37
14
Sc
28
0,07
1,8

Table 4-2 - Strength parameters and other soil properties of samples taken from Rudbar
after Liaghat (1993)
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For both of the Rudbar and Fatalak landslides Liaghat (1993) introduced cross sections.
For the Rudbar landslide he divided the cross section to 5 subdivisions.
These cross sections created by simple mapping facilities. The position of samples taken by
in the literature is signed in the sections (Figure 4-1).

Figure 4-1 Cross sections of the upper part of the landslide (escarpment and pond). Samples number
1, 2 and 3 is collected from the upper part of the slide and sample number 4 has collected from the
middle part of the slide. Results of the samples are come in table 4-2, after Liaghat (1993).

As lighat(1993) shows there are two accumulations of deposited material in the middle of
the landslide and in the toe.
The other Investigation is done by Shoaie and Sassa (1993) based on sampling in order to
perform shear tests in a ring shear apparatus. In contrast with Pedrami et al. (1990),
Shoaie and Sassa believed that the landslide was a reactivated landslide.
Shoaie and Sassa (1993) assumed of C = 0 to calculate the dynamic friction angle. Table
4-3 shows a summary of test results which were done by Shoaie and Sassa (1993).
By back-calculation of the slide, they estimated that the water table should have been at
about 9 meters below surface in the area, which is in agreement with the excavation done
by Haeri and Gatmiri (1993) and the pesent study. The critical acceleration value
obtained by Shoaie and Sassa is 0.174 g, which is far smaller than the peak ground
acceleration (k = 0.55 g, later corrected to 0.6 g).
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Sample

α=
tan (τ0/σ’0)

rut

φd (degree)

dτf, dσf
(kgf/cm2)

kf

1st cycle: 33.5°

0.7, 006

0.174

2nd cycle: 30.2°

0.45, 0,06

0.113

20thcycle: 33.0°

0.66, 0.06

0.165

-1

Galdian (Rudbar)
sample (peak
strength state)
Slope angle=20
Deg.
Depth of sliding
surface=20-25m

Table 4-3

24.1°

0.166

Summary of the test results done by Shoaie and Sassa (1993) where

(τ0/σ’0) : initial shear stress and effective normal stress before test, rut: pore pressure ratio
in the slope corresponding to the given initial stress in the tests, kf: seismic coefficient
necessary to cause failure, dτf and dσf: stress increment at failure, φd : dynamic friction
angle.

As they collected their samples from the upper part of the slide, they suggested two
possibilities for the flow behaviour of the landslide.
•

The first is same mechanism as suggested by Pedrami et al. (1990) and Ishihara
(1991) that the upper part of the slide acted as an additional load to the lower part
of the slide. Damage to the spring waters created two small ponds in the middle of
the slide body, which one of them is still there (see Figure 4-4). Penetration of this
water caused a near surface water level in this part. By assuming a pore pressure
ratio of 0.455, Shoaie and Sassa (1993) calculated a seismic coefficient of 0.128
and dynamic friction angle of 31.4° for the lower part of the slide.

•

The other possibility considered by them was that the residual friction angle for
the lower part of the slide is 20 to 24°, and pore pressure ratio was the same as the
upper part (ru= 0.166). They also assumed that the lower part that had been
exposed to an old landslide. They calculated a seismic coefficient necessary to
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cause failure of 0.098 for residual friction angle of 20o and 0.165 for residual
friction angle of 24o (Table 4-4).
For both scenarios Shoaie and Sassa calculated the peak ground acceleration of
aftershocks within two weeks after the main event required to create the landslide in the
lower part (kf = 0.098 – 0.165, see Table 4-4).
Sample
Galdian (Rudbar)
sample (residual
strength state)
Slope angle = 12°
Depth of sliding
surface = 20m

rut
(assumed)
0.455

φd (degree)
1st-20th cycles:
31.4°

0.166
0.166

20° (assumed)

kf

dτf, dσf
(kgf/cm2)
0.51, 0

0.128

0.39, 0

0.098

0.66, 0

0.165

24° (assumed)

Table 4-4
Combination of pore pressure ratio and the dynamic friction angle to give
the value of kf smaller than those during the aftershocks, after Shoaie and Sassa
(1993).. Definition of captions are the same as those in Table 4 -4
The other investigation done in the area is by Haeri and Gatmiri (1996). Their report
contains geographical, geophysical and geotechnical studies.

In the geophysical investigation, Haeri and Gatmiri (1996) divided the lithology of the
slide area into three subdivisions (Figure 4-2).
1- Slide body with 25 m depth and remoulded materials with different resistivities,
such as fine grain materials (clay and silt) and coarse grain material (pebbles).
2- Non-disturbed material with different resistivities (15 to 40 Ωm), which is
interpretable by differences between materials.
3- Jurassic bedrock with different resistivities (Table 4-5).

1
2
3

Different layers
Remoulded materials
Fine grain , non-disturbed materials
Bedrock

Resistivity Ωm
20-400
15 - 50
20 -200

Table 4-5
Specification of different layers based on geophysical investigation, after
Haeri and Gatmiri (1996).
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Figure 4-2 Longitudinal cross section of the Rudbar landslide that shows the result of geophysical
investigation in the area, after Haeri and Gatmiri (1996).

The Haeri and Gatmiri (1996) report contains of 15 excavated logs that are summarised
in the Table 4-6. The soil units of the slide body presented in their study and log
information are shown in Figure 4-3. This figure contains the locations of sampling
during the study. The report also included 28 geotechnical samples from the created
escarps through the landslide.
Log number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Depth(m)
5.5
8
5
2
6.5
4
4
2
11
4
6.5
4
2.5
2
4

Water table(m)
5.5
6
2
6.5

3.5
7
3.5

Table 4-6 Specification of the excavated logs in Haeri and Gatmiri (1996).
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(a)

b)
Figure 4-3 a) Soil units of the Rudbar landslide body, after Haeri and Gatmiri (1996). b) Log
information of the excavated logs, reproduced from Haeri and Gatmiri (1996). Location of
bore holes is shown in Figure 4-4. Vertical scale is 100 times to horizontal scale. numbers beside the
logs is depth to meter.
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Figure 4-4 Location of the logs and samples in the landslide body on a topographic map of the area
after the event, reproduced from Haeri and Gatmiri (1996).

In contrast with Shoaie and Sassa (1993), Haeri and Gatmiri (1996) believe that the
landslide consists of four separate landslides which are not related to each other. Using
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back-analysis of the slide, subdividing the slide cross section and strength parameters
extracted from non-disturbed experiments show that the first and second slides in Figure
4-5 happened during the event. Slides number 3 and 4 started to move before stopping the
two other segments (Figure 4-5). In order to perform the back-analysis, Haeri and
Gatmiri (1996) subdivided the slide cross section to a number of segments (Table 4-7).

Analyse
Slide
number number

Assumed time

1
2
1+2
3
4
1
1
1
2
1+2

During the earthquake
During the earthquake
During the earthquake
After the eq., before stopping
After the eq., before stopping
Existing situation
Existing situation with tension cracks
Existing situation
Existing situation
Existing situation

A1
A2
A1,2
B3
B4
C1.1
C1.2
C1.3
C2
C1.,2

Factor
of
safety
1.86
2.14
2.28
0.98
0.94
1.77
1.71
1.83
1.97
1.2

Critical
acceleration(kc)
0,187
0,211
0,1858

0,158
0,151
0,182
0,14
0,058

Table 4-7
Summary of the analyses done by Haeri and Gatmiri (1996) in order to
back-analyse the Rudbar landslide.
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Number
A1
A1A2A3
A4A5A6
A7A8
A9A10
A11A12
A13A14
A15
A16A17A18
A19A20
A1A21A22A23

γ t/m3

φ°

C, t/m2

2,3|
2,17
2,24
2,28
2,15
2,22

27,5
21,5
7,5
20
20
24

7
4,5
2,8
3,5
18
4,5

2,28
2,22
2,43

7,5
30
17

2,6
5
2,5

2,22
2,22
2,3

8
7,5
11,5

5
2,8
4,5

B1B2B3
B4B5B6
B7B8
B9
B10
B11
B12B13B14

2,3

7,5

2,8

2,24

7,5

2,8

C1C2C3

2,4

17

1

Table 4-8 Strength parameters of the different places in the Rudbar landslide.
For all of the segments Haeri and Gatmiri (1996) had a lot of geotechnical information
that is summarised in Table 4-8. There are some differences between the strength
parameters reported by Liaghat (1993) shown in Table 4-2.

To interpret the mechanism of the landslide Haeri and Gatmiri (1996) argued that the
slide started from segments number 1 and 2 (both in the escarpment and in the toe) at the
same time, but separately, during the earthquake. After three days the loading to the
segment number 1 by removed materials of segment number 2 caused failure in segment
number 3. Segment 4 happened at the same time as segment 3. Figure 4-5 shows the
position of assumed segments of the Rudbar landslide assumed by Haeri and Gatmiri
(1996).
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Figure 4-5 Assumed segments of the Rudbar landslide by Haeri and Gatmiri (1996). Segments 1 and
2 started to move immediately after the earthquake and segments 3 and 4 started to move three days
after the earthquake.
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4.1.2 Present study data
Geotechnical data
In order to:
•

analysis of seismic response and calculate earthquake time history,

•

2D simulation modeling of debris-flow in the process of its origin, spread and
sedimentation,

•

calculating the factor of safety for applied horizontal acceleration,

•

checking accuracy of previous works, and

•

study how water infiltration effect on the factor of safety in presence of
earthquake shock.

a limited sample collection carried out.
As the report by Haeri and Gatmiri (1993) contains valuable geotechnical results most of
the afterward methods to study the behaviour of flowing is adapted from them.
Soil mechanic laboratory of GSI made efforts with the aim of collecting geotechnical and
soil mechanics data in the area. The following list introduces methods in order to this
aim.
-

Particle size tests

-

Hydrometery tests

-

Atterberg limits tests

-

Soil classification

-

Water content

-

Uniaxial tests

-

Direct shear tests

-

Consolidation and settlement

The following is a result of detail geotechnical and soil mechanical tests done by the
division of Soil mechanics, GSI for both Rudbar and Fatalak landslides.
However to the subject of effect of rainfall and infiltration results of the present study
were not appropriate to input to the corresponding program (Geoslope/seep). As their
permeability (table 4-9) are too low compare to the nature. It will discuss in the related
section.
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Most of the excavation carried out in the upper part of the soil because of possibility of
failing of the logs in the lower part. Here the slip surface found in one of the logs (log
VIA 2) in depth lowers than 3 meter (Abdoli and Khandan 2005). According to the
undisturbed test by the report the slip surface could be a minor slip surface. It is
mentioned in the previous landslides of the Rudbar landslide area that the pre-slide
materials were disturbed and remoulded during last 10000 years. As they have exposed to
water infiltration for a long time, the existence of iron-rich minerals such as limonite and
hematite could be effect of weathering.
According to the report by Abdoli and Khandan (2005) the surficial part of the soil from
surface to depth consists of:
1- Lean clay with sand (CL): this part is mostly clay with small amount of sand and
silt. The brown layer covers almost whole the slide area and it’s around. It means
that this coverage has not changed during the movement. Plasticity index varies
from 13 to 23 that mean this type act as a plastic soil. Maximum depth of this type is
about 2,7 meters. It has a mean depth of 1.5m. it is in agreement with geology of the
area that a clayey Holocene layer covers most of the area.
2- Sandy part (SC): this brown to grey part mostly contains of sand and clay with
small numbers of gravel and even cobbles (Abdoli and Khandan 2005) that lead the
soil to be clayey sand with gravel.
3- Clayey gravel with sand (GC): this part is mostly grey with some limonite and
hematite traces on the surface of particles show that they have exposed to water and
they might be a slip surface (Abdoli and Khandan 2005).
4- Silty clayey sand with gravel (SC- SM): this part contains of the mentioned types
and also coal with limonitization and hematitization in the surface of particles. This
alteration indicates that this part is exposed to water. Angularity of the crushed
particle simplified water penetrating.
5- Silty gravel with sand (GM): this part mostly consists of coarse grain particles
with grey color as the abovementioned part. Size of the particles is as big as cobble.
No slip surface was found in the logs except one of them similar to other investigation
(Haeri and Gatmiri 1996). It is because of impracticality of work in the lower depth of the
logs. Particles 2 to 5 are mainly similar to those which is explained in geology as Jurassic
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disturbed materials containing sand, silt and coal. As discussed in the related chapters
(geology and previous landslides) existing crushed and angular grains of the soil in the
size of gravel are because of the previous landslide in the study area.
As described in the table 4-9 three samples collected from the area show an extremely
low permeability. They are too low to represent a porous crushed and granular soil in
order to transfer snow melting water of higher elevation. Measured data for soil
permeability shown in table 4-9 demonstrate silty clay without fissures that is not
correlative with reality and also with soil type in the same result. In the location of study
soils seem more permeable than the description in the table. It is because sampling took
place in the sedimentation area in the middle and end of the slide (Figure 4-6) where soil
experienced a accumulation due to sedimentation. Behind the sedimentation area in the
middle of the body (accumulation 1) there is a pond that is created after the event. This
pond is a remnant of three ponds resulted in the area as a consequence of changing in the
subsurface water flow system. The change in the subsurface water current is due to
change in permeability of the soils in sedimentation area. There were a lot of water
springs before the event in the area that verify existence of some impermeable pockets of
soil in a main permeable texture. The springs were playing a main role to downstream
flow of snow melting water come from higher elevation. Creating ponds in the area
means that there is an accumulation of impervious material in the region. This part is
mainly formed in the sedimentation area where the bulges of the slide are positioned.
Except the clayey part of the logs (surficial part) which is more or less plastic soil, the
other parts demonstrate a lower plasticity. It is visible that the surficial part is remained
on its position on the top of the soil stratigraphy after the event and the other particles
have demolished. Further and exact data needs to find effect of permeability of soil in
order to determine the role of water infiltration and run off for the purpose of slope
stability. Herby the data showing in the permeability column may not used in the study.
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Figure 4-6 Sampling location map of the Rudbar landslide. Numbers are the position of excavated
logs in table 4-10.

No

Depth

Soil
descriptio
n
Clayey
Sand

PI

VIA.
4C

1,8

17,28

VIA.
6A

1

Sandy
Lean Clay

14,15

VIA.
8B

1,85

Sandy
Lean Clay

12,11

C kg/cm2
Direct
shear
0,22

0,12

φo
31

46,5

C
uniaxi
al
3,85

qu

1,25

2,51

1,2

2,4

mv

CV

r

K
Cm/s

0,24*10-2
0,8*10-2
0,85*10-2
0,56*10-2
0,29*10-2
0,21*10-2
0,7*10-2
1,14*10-2
0,96*10-2
0,39*10-2
0,25*10-2
0,19*10-2
0,025*10-2
0,020*10-2
0,035*10-2
0,21*10-2
0,16*10-2

10,09*10-3
4,82*10-3
3,74*10-3
4,35*10-3
3,00*10-3
2,98*10-3
5,0*10-3
2,8*10-3
3,13*10-3
2,24*10-3
2,44*10-3
4,73*10-3
15,7*10-3
10,5*10-3
3,5*10-3
2,98*10-3
0,69*10-3

0,2
0,24
0,32
0,33
0,32
0,3
0,2
0,25
0,26
0,27
0,28
0,28
0,23
0,11
0,32
0,23
0,73

2,42*10-8
3,86*10-8
3,25*10-8
2,44*10-8
0,87*10-8
0,62*10-8
3,5*10-8
3,19*10-8
3,00*10-8
0,87*10-8
0,61*10-8
0,90*10-8
0,39*10-8
0,21*10-8
1,22*10-8
0,62*10-8
0,11*10-8

Kg/cm2

7,69

Table 4-9 result of non disturbed tests done by the GSI. Permeability is too low to
demonstrate a soil close to reality.
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Log.
1

No.
A
B

2

A
B
C
D
E
F

3
4

A
C
A

5

B
C
A

6
7

A
A
B

8
9
10

A
B
A
A

11

A

12
13

A
A

Soil description
Sandy lean Clay
Clayey Sand
with Gravel
Lean Clay with
Sand
Clayey Sand
with Gravel
Clayey Sand
Clayey Gravel
with sand
Silty Clayey
Sand with Gravel
Silty Gravel with
Sand
Sandy Lean Clay
Clayey Sand
Clayey Sand
with Gravel
Clayey Sand
Clayey Sand
Silty Gravel with
Sand
Sandy Lean Clay
Clayey Sand
with Gravel
Silty Clayey
Sand with gravel
Sandy Lean Clay
Sandy Lean Clay
Sandy Lean clay
Clayey Gravel
with Sand
Clayey Gravel
with Sand
Sandy Lean Clay
Clayey Sand

Classification
CL
SC

Depth (m)
0,7
1,3

%w
15,29
10,19

LL
43,1
32,75

PL
23,6
22,93

PI
19,5
9,82

Cl

0,6

17,16

42,71

27,41

15,3

SC

1,1

8,83

42,35

25,83

16,52

SC
GC

2,3
3

10,73
10,71

33,8
28,5

23,77
18,84

10,03
9,66

SC-SM

3,9

7,46

26,45

19,83

6,62

GM

5,5

14,39

NP

NP

NP

CL
SC
SC

2
2,65
1,1

11,91
11,04
14,66

43,7
36,5
53,6

26,26
22,26
22,04

17,44
14,24
31,56

SC
SC
GM

1,3
1,8
1,2

13,85
11,62
9,71

45,2
40,9
NP

26,42
23,62
NP

18,78
17,28
NP

CL
SC

1
1,4

19,58
9,08

39,59
30,08

25,44
20,54

14,15
10,26

SC-SM

4,5

12,74

25,33

19,06

6,27

CL
CL
CL
GC

1
1,85
1,4
1

16,4
18,03
19,13
7,8

47,17
34,9
32,02
33,32

24,96
22,79
18,89
23,03

22,21
12,11
13,13
10,02

GC

0,6

4,52

26,92

15,61

11,31

CL
SC

1
0,5

20,1
10,74

47,12
45,1

23,32
21,85

23,08
23,25

Table 4-10 Results of disturbed samples taken from the Rudbar landslide, soil unification
abbreviation, first part, G: gravel, S: sand, C: clay and second part: C: fine grain, plastic
L: low plasticity M: fine grain, non plastic.

Geophysical investigation of the Rudbar landslide
Geophysics for slope stability
Many geophysical tools exist to investigate slopes and to know material
inhomogeneities, layer boundaries, and properties of materials. The geophysical
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methods are readily available and are helpful to the engineering geologist and
geotechnical engineer in obtaining the material properties and boundaries of subsurface materials.
Boundaries between different materials can be obtained by various geophysical methods.
Geophysical method to be used in the issue of slope stability is not based on a difference
in mechanical properties. In geophysical methods such the properties measured are for
example the dielectric constant and conductivity of the materials. Any change in these
properties overlaps with a boundary (mechanical properties); introduces the found
boundary as an interest for slope stability. The methods that are most frequently used in
slope stability investigations are: seismic, geo-electric, electromagnetic, and gravity
methods.
Hack (2000) is published a literature to introduce various geophysical methods and their
qualities for slope stability analyses. A summary of his interpretation on different
geophysical methods in order to geotechnical works and slope stability studies comes as
appendix Geophysics.
Geophysical data
In order to perform the geophysical investigation in the landslide area, Department of
Geophysics , Geological Survey of Iran (Tavoosi 2004) has done an investigation based
on the resistivity method. Geoelectric tomography was applied to investigate the subsurface structure of the Rudbar landslides in and an old landslide near the Fatalak
landslide. Because of geographical difficulties survey in the Fatalak landslide was
impossible.
The Rudbar landslide
In the Rudbar landslide, one longitudinal and nine transversal geoelectric profiles (Figure
4-7) were carried out using Wenner-Schlumberger configuration.
The survey included f 48 vertical soundage with different spaces from 20 to 50m carried
out with Terameter resist-meter. The data were processed in a logarithmic paper in order
to investigate variation of apparent resistivity related to depth. Obtained information
transferred to software called RESIX to identify the corresponding apparent resistivity of
each layer.
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In order to calibrate the geophysical data and geological units, a transversal profile has
surveyed in the eastern part of the body out side of the landslide. Figure 4-7and Figure
4-8show the location of various profiles carried out in the Rudbar landslide. According to
the profile length, the investigation depth was between 20 and 50 m.

The geophysical data show three kind of lithological units in the landslide body.
 The oldest layer contains of Jurassic sandstones and siltstones, which mainly is
bedrock. This unit is somehow involved in the main escarpment (Figure 4-9).
 The other unit is coarse grain sediment that was interpreted by Tavoosi (2004) as
coarse grain alluvial.
 The youngest part was interpreted by Tavoosi (2004) as fine grain alluvial. These
alluvial sediments are compatible with those reported by Pedrami et al. (1990) as
debris flows and by Shoaie and Sassa (1993) as old landslide body. Geographical
investigation by the authors is in agreement with the second opinion.
Table4-11 is a summary of the geophysical interpretation of different layers with respect
to their resistivity (Tavoosi 2004).

Resistivity (Ωm)

Geological interpretation

20-40

Fine grain alluvium

40-110

Coarse grain alluvium

50-300

Jurassic bedrock(sandstone, siltstone)

Table 4-11 Geophysical interpretation of different layers of the Rudbar landslide by
Tavoosi (2004).
The longitudinal and transversal sections of the landslide carried out in geophysical
investigation (Tavoosi 2004) during the current study are shown in Figure 4-7. As the
figures show, the accumulation of landslide deposition is calculated in the area downhill
of the slide. There is another accumulation of sediments in the middle of the slide (near
the pond). The pond may have produced by this accumulation (Figure 4-12and Figure
4-13).
 Bedrock
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According to interpretation of geophysical investigation the bedrock does not have a flat
surface in the area. The bedrock is a combination of sandstones and shales. They are
alternatively recorded during the survey with lower and higher resistivity in the range of
corresponding materials.
In combination with field geology and previous data the alternation in the resistivity
values of material in the bedrock some places could be a sign of existing remoulded
bedrockmaterial than layering. Although the geophysical survey shows a sinus manner in
some parts of the bedrock and its upper surface as Tavoosi (2005) pointed out as
structural patterns such as folding in the bedrock, but most likely these changes in
resistivity are due to remoulding.
 The flowing materials
The flowing material contain of coarse or fine grain debris are a combination of slope
materials that followed the bedrock terrain. These materials contains of pebbles (near the
drainage bends in the southern edge of the landslide body and pebbles to silty and clayey
materials. Tavoosi (2005) shows these materials as red , yellow, and beige colors. The red
is fine grain materials, the yellow is coarse and beige is a combination of the two above
mentioned materials. As the landslide has tao distinct accumulation parts on its body and
also there is another accumulation parallel to the southern edge of the landslide,
gepphysical study indicate the accumulated areas as mostly fine grained materials. These
materials followed the terrain and made the accumulation parts inside the body..
Thickness of the deposited material in the toe of the landslide is more than 50 m
(Tavoosi, 2004).The fine grain materials recorde by the survey are compatible with the
accumulation area where a pond is created after the event or in the toe where the
accumulated area formed a dry toe in the landslide. Despite some agricultural activities
inside the landslide body these two parts are abounded because of difficulties in work as
they are imperbable soils. As bedrock feature in the longitudinal shape of the body shows
some uplifted area on its surface could be played the main role in the accumulation of
materials. However when the material flows downslope it becomes dry in its sides and
other material can not pass through them for a long distance. The longitudinal cross
section shows that the landslide stopped at the toe because it collided with the bedrock
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that has an opposite inclination in the final part of the slide (Figure 4-14 and Figure
4-14).

Figure 4-7 Positions of the different geophysical sections by GSI (Tavoosi, 2004).
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Figure 4-8 Position of the geophysical profiles in the Rudbar landslide. Topographic map is adapted
from Haeri and Gatmiri (1996).

Porfil 1 that has carried out in the intact part of the area contains of 0 to 6 meters of fine
grain materials that is present in the slide area (Figure 4-9and Figure 4-11). In one of the
surveying points the Jurassic bedrock is exposed (Tavoosi 2004). The variety in apparent
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resistivity in the under ground layers interpreted by Tavoosi(2004) as a possible folding
in the bedrock. But other investigation done by the authors indicate that this variety is
belonging to crushed bedrocks during previous mass movement.
Profile 2 is carried out inside the disturbed area near a chicken farm(the white building in
Figure 4-9). Thinning of the fine grained sediments in this part might have a local reason.
From this area appearance of a new coarse grain layer due to material movement is
notable. Surveys number 1, 2 and 3 in this profile are outside of the slide area. As it is
clear there is a small amount of sedimentation of coarse grain materials in other
surveying points of the profile.
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1

2

3

4
5

6

7
8
9

Figure 4-9 Transversal profile (Tavoosi, 2004) in the Rudbar landslide. Profile nuber 1 is in the
highest point of the survey and out of the landslide. Profile 2 and 3 are before the pond. Profile 4 is
also in the lower elevation of the pond. Other profiles carried out to the toe. Profile 9 is outside of the
toe.
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As the figure shows a combination of coarse grain and fine grain materials accumulated
in the toe and near the pond.
As the profile 1 and 9 shows sandstones of Jurassic are the predominant lithology of
bedrock. In some places they show weathering due to remolding. In some place like toe
the bedrock is not disturbed.
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Figure 4-10 Right: The figure shows an involvement of the Jurassic bedrock visible in soundage numbers
3 and 6. Left: estimated area where section 2 is applicable. Main escarpment and involvement of the
bedrock at this point is visible.

Profile 3 which carried out downstream to the created pond in the middle of the landslide
contains of a new segment in the slide area that is a fine grain accumulation (red color in
Figure 4-9, profile 3). This segment is an impermeable layer that mounted up in the middle of
the landslide. Combination of uplifting materials and impervious fine grain material in this
part resulting two ponds that one of them is still present in the landslide area.
This combination of coarse and fine grain materials is appeared close to profile 3 and the
created pond is in agreement with the photogrammeteric studies during the present work that
shows an accumulation of materials to the southern edge of the body. It will discus later in the
description of the landslide. Profile 3 and 4 show downstream flow of materials and
southward movement of them (again the geophysical survey is coincided with the field survey
and GIS results map (Figure 4-9) as the figure shows section 3 that carried in the upper part of
the landslide shows uplifting of materials with a blue tone in the contour map. The map is the
result of GIS work that will be discussed in detail in the description of the landslide.
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Figure 4-11 Transversal and longitudinal sections of the Rudbar landslide in geophysical investigation
(Tavoosi 2004).

As the Figure 4-9show, accumulation of landslide sediments is visible downhill of the slide.
a): Profiles 3 and 4 near the created pond that shows accumulation of fine grain material to
the downstream of the pond. In both profile the mention accumulation is inclined to the
southern edge of the landslide body.
b): profile 5 that carried out in the location of a surface rupture due to the earthquake and
reactivation of a neighboring fault shown in the geological map of the area. Profile 6 is carried
out in the starting area of the toe.
c): Profiles 7 and 8 that carried out in the accumulated materials in the tail of the landslide
that are agreement with photogrammeteric model. The profile 9 in Figure 4-9 surveyed in the
lowermost part of the body which is intact.
d): A longitudinal profile done by Tavoosi (2004) that shows two uplifting of the bedrock in
the area. One of them is in downstream to the pond and the other is in the end of the landslide.

Figure 4-12 Right: A small pond in the middle of the landslide created behind the accumulated sediments.
The pond is created after the slide because of damage to the water springs in the area. Disturbance of the
springs made an underground water flow that reached into an impermeable material and appeared in the
pond. Left: a water flow from a spring inside the landslide.

94

Figure 4-13 Frontal view of the accumulated deposits near the pond. Reader is pointed to the size of
materials.

Figure 4-14 Toe of the Rudbar landslide near residential houses of the city. Thickness of the deposits
exceeds 50 m.
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4.2 The Fatalak landslide data
4.2.1 Previous data
Hafezi (1993) introduced the Fatalak landslide as a rotational landslide which took place in
the non-cemented sedimentary materials (table 4-12).
Name

Fatalak Landslide

Length (m)
Width (m)
Heigth (m)
Heigth of escarpment (m)
Angle before the event (deg.)
Angle after the event
Type
Type of movement
Consequences

800
850 in crown,450 in toe
270
30
25
15
Circular slide
Very fast
Buried a village,
breakage of oil pipeline
Drinage
Not existed
Possible causes
Lithology
Conglomerate,
Limestone , Andesite
Table 4- 12. Based on Hafezi 1993, the landslide specification is shown.
For Fatalak landslide Liaghat (1993) found a cross section based on simple cartography
methods (meter and compass). Table 4-12 summarises geotechnical parameters done by
Liaghat (1993).
Name
Sample Number
Liquid limit
Plastic limit
Soil type
φ (degree)
C (g/cm2)
Unit weight(g/cm3)

Fatalak Landslide
1
2
3
33
35
31
15
13
12
Gc
Gc
Sc
23
23
28
0,15 0,16 0,09
2
2
2

4
31
14
Sc
29
0,07
2

5
35
16
Sc
25
0,1
1,9

Table 4-12, Strength parameters and soil specification of the Fatalak landslide done by
Liaghat (1993).
Shoaie and Sassa (1996) is the other literature about the landslide based on ring shear
apparatus testing. Similar to the study for the Rudbar slope failure, the paper tried to find
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behaviour of the involved materials based on their geotechnical behaviour. In order to study
they worked on a sample from the main escarpment and ran it up to 20 cycles.
Similar to the Rudbar landslide Shoaie and Sassa(1993) studied the sample collected from the
Fatalak landslide in order to perform shear tests in a ring shear apparatus.
Shoaie and Sassa (1993) assumed of C = 0 to calculate the dynamic friction angle. Table 4-13
shows a summary of test results done by Shoaie and Sassa (1993).
Sample

α=
tan (τ0/σ’0)

rut

φd (degree)

dτf, dσf
(kgf/cm2)

kf

1st cycle: 33.5°

0.70, 0.12

0.178

2nd cycle: 30.2°

0.11, 0,07

0.034

20thcycle: 33.0°

0.25, 0.07

0.068

-1

Fatalak landslide
sample (peak
strength state)
Slope angle=20
Deg.
Depth of sliding
surface=20m

Table 4-13

24.7°

0.184

Summary of the test results done by Shoaie and Sassa (1993) where (τ0/σ’0) :

initial shear stress and effective normal stress before test, rut: pore pressure ratio in
the slope corresponding to the given initial stress in the tests, kf: seismic coefficient
necessary to cause failure, dτf and dσf: stress increment at failure, φd : dynamic
friction angle.

By assuming pore pressure is equal to 1/2 and 1/3 of saturation they found that the the seismic
coefficient necessary to cause failure kf should be equal to 0.187. While the ground
acceleration reached the Fatalak landslide is calculated by Niazi et al (1992) would be 0.425,
the peak ground acceleration calculated by them (0.187 g) is far smaller than that happened in
the area. They also found that the loss of strenghth between first and second shear test (table
4-13) is the cause of the higher velocity of the landslide.

4.2.2 Present study data
During the present study a range of soil sampling done by the Division of Soil Mechanics,
GSI (Abdoli and Khandan 2005). The data collecting carried out to add to other data and
check their accuracy. Method of sampling and reporting is the same as that interpreted for the
Rudbar landslide. Table 4-14 Shows geotechnical and soil mechanical results of collected
samples.
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Sample

(m)

SPT

(%)
Group

No.
1,A
2,A
2,B
2,C
3,A
3,B
3,C
4,A
4,B
5,A

1
1,4
1,7
2,1
1,3
3,5
5
1,65
2,4
0,4

19,41
>50
30
18,23
-

6,67
22,01
19,89
8,26
14,34
13,66
16,37
14,71
14,18
25,28

5,B
6,A
7,A
7,B
8,A
9,A
9,B
10,A
10,B
11,B
12,A

0,7
2
0,5
1,5
1
1,25
2
1,3
1,5
1
1

13,23
30
4,7
-

12,24
21,87
24,88
15,42
17,81
13,68
28,21
21,29
9,05
19,71
8,82

CL
CL
CL
CL
CL
CL
CL
CL
CL
CLML
SC
SM
CH
CL
SC
SC
CL
GC
CL
CL
GC

Unified Classification &
Soil Description

LL

PL

PI

Silty Clayey Gravel with Sand
Lean Clay with sand
Sandy Lean Clay
Clayey Gravel with Sand
Lean Clay with sand
Lean Clay with sand
Lean Clay
Lean Clay with sand
Lean Clay with sand
Silty Clayey with Sand

(%)
26
42,1
28,28
42,46
32,62
29,6
38,64
33,1
3,8
40,1

(%)
20,18
25,25
21,58
17,42
18,12
20,1
21,22
23,49
22,49
33,3

(%)
5,81
18,85
16,62
25,04
25,37
9,5
17,42
9,61
11,34
6,77

Clayey Sand with Gravel
Silty Sand with Gravel
Fat Clay with Sand
Lean Clay with sand
Clayey Sand
Clayey Sand with Gravel
Sandy Clay with Gravel
Clayey Gravel with Sand
Sandy Clay with Gravel
Lean Clay with sand
Clayey Gravel with Sand

34,7
NP
52,57
49,4
28,95
32
38,3
39,2
35,36
36,1
25

25,62
NP
30,69
27,76
18,55
16,77
29,31
18,83
17,51
18,83
16,15

9,08
NP
22,06
21,64
10,4
15,23
8,99
20,37
17,85
17,17
8,85

Table 4-14 The data collected during the study of Fatalak where the same as previous studies.
But some other information like water permeability is added as well as extended data of grain
size distribution.

98

5

Description of events
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5.1 Description of Digital Elevation Model
In order to analyses slope stability, discuss effect of peak ground acceleration in the project
site or simulating a model of movement, Digital Elevation Model for both landslides have
produced under supervision of Trond Eiken of the Department of Geography, UiO. To do the
above mentioned analysis, it is convenient to simulate topographic condition before and after
the event. En route to produce such a model two series of aerial photos prepared by the
National Cartographic Center of Iran (NCC) is used. The first series in scale of 1:20000 is
taken in 1968 and the second series taken 13 years after the event that has scale of 1:55000.
The procedure started by scanning seven pieces of the present photos. At first photos were
scanned at 1600 dpi (dot per inch) with a scanner attached to a Computer in the Department of
Geography, UiO, which used to have software like Adobe Photoshop, Image Station series
and Surfer. Each of the mentioned software was used step by step in the simulating
cartographic model. Every of the scanned images saved in Adobe Photoshop required more
than 200 mega byte disk space.
Then to accurate tilt and distortion from the aerial photos and create topographic model of
object, Image Station Digital Mensuration (ISDM) software were used. ISDM provides the
capability to measure points from scanned photography or some other form of raster imagery.
This process results in a photogrammetric solution or orientation of the imagery. Among
many applications, ISDM is designed to: Input and edit project, camera, photo, model, strip,
and control point data through a dialog box interface. It performs interior, single photo
resection, relative, absolute, and multi-photo orientations.
In the first step (interior orientation) each single scanned photo came up recognizable and
calibrated for the software by finding at lest three fidual marks. This application is to accurate
tilting and distortion of the aeroplane during photography. In the second manner, Relative
Orientation, the selected strips of images in specific years became relatively stereographic by
finding corresponding points in overlapping area in two or three images. Then old and new
stereographic models became relatively oriented by matching the common points in each
strip. 60 points found and matched in this step.
In the third step of ISDM by using Absolute Orientation the predefined points in a digital
topographic map with scale of 1:25000 that recently prepared by Iranian NCC used to ground
control. By finding coordinate of some specific points in the ground (map) and transact them
to the stereo model prepared by the software the scanned images became digitally
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recognizable by UTM coordinates. By this translation the stereo-graphic model became
oriented by UTM coordinates.
In the next stage Image Station Stereo Display software which is produced by MicroStation
Corporation was used. This software is a stereo raster image display and manipulation
product. With ISSD, one can manipulate stereo image display in various ways.

ISSD

provides a full set of commands to display, enhance, and manipulate stereo graphics data in
raster format, including displaying and manipulating continuous tone raster data in
MicroStation views and displaying data from aerial photographs that have scanned into a file.
The other program that used to finalise DTM was Image station Automatic elevation (ISAE).
ISAE generates DTM points from digital aerial images that are displayed in stereo. ISAE has
a high overall accuracy because it generates a large number of points. ISAE provides a large
number of terrain points with medium accuracy by matching identical features in each of the
stereo overviews.
ISAE then filters these points to create a very precise DTM. This approach is useful for
overcoming areas that have insufficient information about the terrain surface. With ISAE the
study areas is defined as a boundary within the project; this is called a collection boundary.
Collection boundary helps to summarize the size of data processed by ISAE in the slide areas.
The program can produce a DTM grid of high density and with an accuracy of about 1/10,000
of flying height on aerial photography under optimal conditions, such as 15-micron imagery
with excellent texture.
After producing a DTM model, digital data was converted to Surfer software in order to have
a topographic view of the Fatalak and the Rudbar landslides respectively. In the new
environment one can image the slide body from different angles or rotate the topographic
models. There are several application to have a better view of both landslides. In one of them
for example old models subtracted from the new models. Table 1 shows all the procedures in
order to have a DTM in both slide bodies.
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Aerial Photograph

Scan

ISDM

Interior
Orientation

Related
Orientation

ISAE
DTM
before
landslide

Absolute
Orientation

ISSD

Application in
Surfer

DTM
after
landslide

Use for
description
of the
landslide
and
modeling

Table5- 1. The Digital photogrammetric flow chart shows methodology of using aerial photos to make a
basic digital map in order to know landslide behaviour and modelling.

Figure 5-1 shows the final result of digital photogrametry for both Rudbar and Fatalak
landslides. It is necessary to mention that because of lack of aerial photograph in uppermost
part of the Rudbar landslide there is a gap to in order to describe and use data in this part of
the landslide. This problem and lower accuracy of the rest of the DTM led to leave numerical
modeling simulation for the Rudbar landslide and presenting cross sections. However for
other purposes like description of the event and assuming triggering mechanism the
photogrammetric model helped a lot. In order to describe the Rudbar landslide in addition to
the geographic model, other data like geophysical and geotechnical test results and field
investigation as well as previous data such as topographic map of the Rudbar landslide after
the event (Haeri and Gatmiri, 1996) is used.
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Rudbar (Text in next page).
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Fatalak
Figure 5-1 Digital photogrammetric model of areas of interest. The first map is due to the Rudbar
landslide. In this map the red tone shows depletion of the area and green tone is sedimentation part of the
slide. The second map is done for the Fatalak landslide where the blue tone is depletion and red tone is
accumulation part of the slide. Red arrows show the direction of removed materials. Interval between the
counters is 5 meter and accuracy is 5 m.

5.2 Description of the Rudbar landslide
The catastrophic earthquake of June 20, 1990 in the northern part of Iran which severely
destroyed the cities of Manjil, Rudbar and Loshan occurred at about 21, 00 GMT (00, 30
June, 21 local time). One of the significant consequences of the earthquake is about 100
landslides that happened in time of the event or after a short time. The Rudbar landslide is
classified as a debris flow in the vicinity of Rudbar city. It is one of the most destructive
consequences of the 1990 earthquake. The landslide has about 2300 meter length, and width
from 200 to 350 meter.

According to field investigation, previous works and
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photogrammetery on aerial photos before and after the landslide depth of the landslide varies
in different points from 6 meter in the escarpment to 40 meter in the landslide toe. Slope
angles of the area before the event was 20o in the upper part (Shoaie and Sassa 1996) and less
than 15o in the rest of the terrain.
According to the published reports and witnesses the Rudbar landslide firstly observed as
escarpments in its initial part in the morning after the event. These escarpments are shown in
the Figure 5-2. Figure 5-3 shows a view of the escarpment taken about two weeks after the
event. As discussed in the previous landslides section the landslide is directly related to gully
erosional features that have created by flowing of snow melting waters from higher elevation.
The slide material mostly contains remolded bedrock materials.
The intact bedrock is exposed to the higher elevation which during winter is covered by snow.
These rocks contain of Jurassic sandstones, shale and silts with coal bearing veins (Shemshak
formation). During last Ice age unsorted sediments (tills) was deposited by glaciers covered
the area. These sediments is made up of different size of bedrock materials.

After

sedimentation the area was exposed to a huge landslide inside the till sediments.
Two days after failure in depletion area first evidences of movement appeared in the base of
the escarpments (chicken farm in Figure 5-2). From this point failure materials started to flow
down-slope to the Rudbar city.

Figure 5-2 Depletion area in the Rudbar landslide shown by a red curve. Blue arrow shows the created
pond inside the area after the event, yellow arrow shows the position of a chicken farm inside the area.
The green arrow shows a new irrigation system pass through the landslide escarpment.
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Figure 5-3 Present situation in the escarpment(up) that shows years after the event gully erosional feature
is acting as a factor of slope erosion (photo by M. Abdoli), blue arrow shows the position of irrigation
system and red one shows the backward movement of gully erosion, and a fresh picture of the Rudbar
landslide in its initial part at elevation about 700m a.s.l.(down) taken by Pedrami et al. (1991) two weeks
after the event. Dashed lines show the main escarps in depletion area. The first escarp has about 6m and
the second has 8m height. The white arrow is position of Figure 5-3.

As the above figures show the escarpment has been remediate for agriculture and irrigation
aims, however the slope became steeper and the irrigation system proceeds to extend the gully
erosion. A closer view of a gully parallel to those indicates in the Figure 5-3 is shown in
Figure 5-4.
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The slide started to fail at the time of the earthquake. This is proved by reports and witnesses.
During the initial movement escarps and slickenside took place in the depletion area (Figure
5-5). Figure 5-5 shows slickenside in the depletion area. In the path of early movement
slickenside were clearly visible during date of event.

Figure 5-4 Years after the event, one of several gullies in the initial part of the body toward downstream
shows there is a possibility of new failure in the area. The present angle of the slope in depletion area .

Figure 5-5

A slip surface in the failure point of the landslide. Clearly the body in this part contains both
bedrock and covered soil (from Pedrami et al. 1991).
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An irrigation system passing the escarpment is acting as an accelerator for gully erosion
(Figure 5-6).

Figure 5-6 A closer view of the irrigation chanel that shows its erosional role on the escarpment (Point10
the second step in the point of failure).

The escarpment contains two layers; first layer is recent sediment after the glaciations in 14
ky ago. According to Pedrami et al.(1990) this layer was generated about 10 ky ago. The
second layer that contains most of the slide is disturbed Jurassic bedrock. This layer consists
of sandstone and siltstones with sharp edges. This sharpness shows that the area has
experienced another local mass movement. Materials became crushed during frost wedging
and transported by downslope movements (Figure 5-7 and Figure 5-8).in the uppermost of the
landslide the thin coverage of the slide material is remained relatively unchanged, however
some cracks were involved in the material. The other phenomenon in the thin coverage of
Holocene material is existence of water in the time of earthquake. As Figure 5-9 which is
taken days after the event, despite the time of event (first summer) and no information of rein
fall, there is a lot of water inside the sediments.
The coal bearing layer in this part is also visible in other points like that which is shown in
Figure 5-21. Continuity in the coals shows upward movement of coal particles due to their
lower density compare to surrounding materials.
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Figure 5-7 Involvement of bedrock in the landslide escarpment

Figure 5-8 New image and close up from the escarpment shows the bedrock was exposed to another
crushing created by weathering or an old landslid, there is also removed coals in the Jurassic layers
formed a surficial layer on the remoulded materials.
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Figure 5-9 Picture of the uppermost part of the slide body taken days after the event. As pictures show
amount of water is high in this part (from Pedrami et al 1991).During the first phase of the landslide (fast
movement) the moving material was traced in their surrounding materials as slickenside (Figure 5-10).
This evidence hasn’t been observed in the parts with flow behaviour. It means that the slide in its upper
part occurred due to earthquake motion in the area. The earthquake epicentre is located in 15 km to the
north western of the slide. How ever some local faults inside the slide area could be the main cause of
movement. The rule of a fault inside the area will be documented and discussed later on.

Figure 5-10 Slickenside produced by the slid body near the initial point (from Pedrami et al 1991).

After a short distance the slide body changed its behaviour to flow pattern because of the
changes in pore pressure. Stability of the mass were about 1.3( based on slope /w data in
chapter 7) before the event however at the time of event excess pore pressure brought
down the factor of safety under unity. Also high amount of water in the soils helped the
material to be fluidised and move downslope. The starting point of flow pattern is very
close to the main escarpment. Figure 5-11 demonstrates flowing pattern that started about
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100 meters upstream whit inclined trees and a destroyed reservoir shows flow
component. Clearly flowing of the material is not continuing because the straight pattern
of fences in the figure is not changed at least for some years. According to geophysical
surveys (Tavoosi 2005) maximum depth of the remolded sediments around this reservoir
is about20 meter. In this point there is an uplifting near the southern drainage of the area.
This uplift is made by sediment accumulation after the flowing material reached to the
bend of its track (Figure 5-12). The landslide terrain is a bending valley between two
northern border and southern drainages. Landslide movement follows this terrain. The
bending of terrain starts in the position of Figure 5-11 and continues downslope. The
accumulation create an impervious segment containing of crushed and angular pebbles
and cobbles in a clayey and silty texture. This low permeable soil prevented water
passing through subsurface and created three water ponds in the area of accumulation
(Figure 5-13). Nowadays one of the ponds is still in the area and two others disappeared
due to infiltration or irrigation. Figure 5-14 presents the position of figures in the upper
part of the landslide and the position of depletion and accumulation as well as the fault
inside the area.

Figure 5-11 A damaged water storage 300 meter down to the slope from the main escarpment,
fluidising of material started a00 meters above this area. Tilted trees show the flow behaviour of the
body. There is no activity in this part 15 years after the event because of the straight fence
established by owners of the farms around this part.
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In addition to bending the track which helped to stop the flow of material, there is a bulge
in this part that helped to stop the movement and accumulation of the materials. Existing
of this bulge is shown in both the geophysical investigation in the present study and Haeri
and Gatmiri (1996). Figure 5-14 shows the uplifted material in front of the pond as the
first sedimentation. The uplifted area in front of the pond has about 500m distance from
the main escarpment. In the nose of the flow material (sedimentation 1 in 5-25) there is
another escarpment (2) which belongs to overflowing of material that uplifted in the
sedimentation area (Figure 5-14). The overflowing is correlative with Varens definition
(1996) on flowing materials (Figure 5-15). Figure 5-17 shows the location of some
picture that have come in the description of the upper part of the Rudbar landslide.
The sliding material in this part of the path followed the topographic pattern and flowed
to the southern edge for a short distance to form sedimentation number 2. More to the
downslope another escarpment and depletion (both number 3) were created in the middle
of the slide. This escarpment is a consequence of faulting inside of the slide body (Figure
5-18 and Figure 5-19).
As it described above there is a fault inside the slide area. This fault took place in the
lower part of the slide body in front of the third escarpment (Figure 5-17). The fault
created a small failure outside the landslide in its northern edge and also made unstable
the slope in the position of depletion number three (Figure 5-16). Figure 5-16 is a general
map of the area in order to demonstrate position of the figures and morphological
phenomenon in the area of the Rudbar landslide.
Flowing material passed a bend in its truck to the lowermost of the slide. The bend acted
as a barrier for the flowing material. In addition to the bend function, the topographic
trend in this part is southward. It means the southern edge located in lower elevation than
the northern one. Both the mentioned factors caused a barrier parallel to the track of flow.
Figure 5-20 demonstrates two pictures from the barrier. The intact part of the landslide in
its southern wall shows bedrock crashing due to previous slide (Figure 5-21).
Flow of material from depletion three and eroded material from the external landslide
created a huge uplift with maximum height of 40 meter in the toe of the landslide near the
residential in the Rudbar city (Figure 5-22). According to field investigation and
geophysical profiles, the flow stopped at this point because the Jurassic intact bedrock is
placed in an opposite slope to the angle of the landslide area (Figure 5-23).
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Figure 5-12 Southern edge of the slide near the position accumulation 1 shows accumulating of the flow
material. Some damaged trees are visible in this part.
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Figure 5-13 Remnant of two or three ponds in the initial part of the landslide that created by damaging to
water springs in the area. Accumulation of remoulded soils produced an impermeable layer of soil
(classified as CL soils) in this area that does not let water exit from its normal routes and appear as the
pond. As this picture has taken during summer it seems the amount of water during snow melting would
be higher. The blue line shows trace of water during wet season.
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Figure 5-14 (Up): Frontal part of the uplifted area shown in Figure 5-13as the depletion number 2. This
part is an over flow of sediment materials in the area of the pond. Topographic pattern in this part led the
flow material to be accumulated in the southern edge. (Down): Frontal view of the slide after the pond
shows remoulded sediments due to overflowing of materials passed the uplifted area. There is no sign of a
main escarpment in this point.
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Figure 5-15 The upper part of the slide body seems to show this pattern. Figure is reproduced from
Varnes (1996).

Figure 5-16 Location map of figures that talked about to describe the Rudbar landslide. The position of
depletion area, sedimentation or accumulation area and a fault crossing the slide body is represented in
this map. The red dashed laine is a location of the fault inside the area.
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Figure 5-17 Landscape of the Rudbar landslide, Location of the pictures described in the upper part of
the slide in this section is shown.
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Figure 5-18 position of the fault inside the landslide. The fault triggered a local landslide in the northern
edge of the landslide as well as instability in the area of the landslide in depletion number 3. The red curve
indicates the local landslide and the red dashed line is the fault. The black rectangle demonstrates the
position of Figure 5-19.

Figure 5-19 Escarpments near the fault in the middle of the landslide indicated by red curves. The red
arrow points to the compressional patterns due to main shock and parallel to the fault plane.
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Figure 5-20 Topographic trend and bending of the river produced along barrier parallel to the landslide
truck. Figure to the left is taken during the study and figure to the right is adapted from Pedrami et al.
(1990). As the old picture shows outward nosing of the demolished trees shows that the flowing material
did not follow the landslide track and endeavoured to continue its straight pass through.

Figure 5-21 Remoulded Shemshak rocks that show the area has experienced another slide coal bearing
layer shows plastic behaviour of the body and other rocks show brittle behaviour.
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Figure 5-22 Two view of the landslide toe in its final passage over looking to the city of Rudbar. Field investigation,
and geophysical study verify the existence of bedrock in this point. Digital photogrammetry confirms up to 40 meter
uplifting due to accumulation in this point. This part has stopped two weeks after the event.
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Figure 5-23 Intact Jurassic rocks in the landslide toe are exposed. An opposite topographic slope to the
landslide body act as a factor to stopping the flowing materials.

Figure 5-24is taken from the toe of the landslide showing remoulded material and their size.
Figure 5-25is taken from near the fault in the northern edge of the body. This picture shows
another view of the landslide toe in its lowermost part with an uplifting area.

Figure 5-24 A close view of the landslide toe show remoulded bedrock with different size.
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Figure 5-26 demonstrates a landscape of the landslide, whereas the main escarpment of
the present slide is shown by a red arrow. As the figure shows this escarpment is very
small compare to the huge escarpment the previously discussed old landslide. Similar to
the Figure 5-16 and Figure 5-17, Figure 5-27 is demonstrated in order to address the
location of figures and geomorphologic features such as defined areas and the existing
fault in the landslide. As it is

Figure 5-25 A landscape of the last passage of the Rudbar landslide. This is taken from the middle of
the body.

Summary:
-

The Rudbar landslide took place in an area exposed to a previous landslide,

-

The old landslide is much bigger than the present landslide,

-

Several evidences such as remoulded material in the intact part of the present area
of interest, old bulges, bending of the Sefidrud River and big escarpments along
gully drainages confirm that the area has exposed to another landslide. This old
landslide could be debris flow of glacial deposits (Pedrami et al., 1990) or
instability due to gullies. Another possibility is landslide triggering by
earthquakes.
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-

The present landslide has three escarpments, three depletion areas and three
deposition areas from its uppermost point to toe.

-

Field investigation digital photogrammetery, geotechnical tests and geophysical
study is in agreement with this subdivision.

Figure 5-26 A wide view of the Rudbar landslide from its first escarpment to final toe. The blue line
shows to location. The higher point of the existing landslide is pointed with a red arrow.
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Figure 5-27 Landscape of the Rudbar landslide Location of the pictures described in this section is
shown.
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5.3 Description of the Fatalak landslide
The landslide took place at the midnight of June 20, 1990 at the same time with the major
earthquake of Manjil-Rudbar. Fatalak village and 3 other hamlets buried under the slide
materials. 170 residents lost their life where most of the bodies never discovered.
Maximum length and width of the landslide is about 800 meter respectively. Topographic
slope angle of the landslide varies from 16 to 21 degrees in different position. Slope angle
of the Fatalak valley rim could reach up to 25 degrees. Area of the landslide is about 40
hectare and volume of the slide material is about 2.5 million cubic meters (Figure 5-28).
According to local witnesses, an unpublished data from agricultural bureau of Gilan
province, Liaghat (1993) and present investigation the maximum depth of the landslide is
about 20 meter. The height of the main step of the landslide escarp is about 30 meter.
According to few survivors of the catastrophe and earlier aerial photographs the village
was a peopled area due to a permanent drainage and about15 water springs. During the
field investigation no evidence of water springs found in the area. It might be the survey
ran in the mid summer and most of the springs were dried.
Lithologically the landslide mostly contains of recent unconsolidated clastic deposits. In
its sides the slide body consists of underlying a volcanic rock unit which is overlain
disconformably by the recent sediments. However evidences of faulting such as
slickenside and (Figure 5-29 and Figure 5-30) brecciated clastic deposits are appear in the
contact.
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Figure 5-28 DGM model of the Fatalak landslide obtained from digital photogrammetry. The blue
tones show depletion and the red tone show sedimentation in the area of landslide.
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Figure 5-29 Another view of the main escarpment of the Fatalak landslide, two people are visible in
the right part of the figure as scale.

Figure 5-30 Existing of fault in the eastern side of the landslide is documented in this picture. The
block is involved in the landslide.

The landslide has a main long escarpment containing two levels. It implicate that the
landslide has two parts. This inference comes from occurrence of the escarp in different
elevation (Figure 5-31). Field investigation and some reports show a different shape for
the slide body in these two parts. Shoaei and Sassa (1993) assume a smaller headscarp
with a steep slope for the western part and a bigger headscarp with a gentler slope for the
eastern part. Liaghat (1993) proposed three possibilities for the variation: Different
topographic occurrences of the escarpment, different slip surfaces or different slides with
a short postponement. Some of local pepole try to address these different levels to
explosion of an oil or gas.
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Figure 5-31 The landslide started retrogressively from the upper part of terrain. At this area number
of escarpments with a variety of height up to 30 meter occurred. Retrogressive movement of the
landslide continued with a set of bigger rotational mass movements. These segments are visible to the
higher elevation in the demolished area (Figure 5-29). The landslide had a slope of about 20 degrees n
its upper part and more or less in its lower foothill.

As a consequence of the slope failure removed materials started to move rapidly from
the middle part of slope just imminent to the ex- Fatalak village (Figure 5-31).As the
Figure 5-32 shows hundreds of big blocks fell on the area of the village so the particles
are as big as boulders and cobbles, some of them with more than 1 meter diameter.
As abovementioned the upper part of the landslide consists of a set of retrogressive
rotational landslides that demolished the Fatalak village. Field investigation and digital
photogrammetry confirm that the landslide converted to debris flow in the middle of its
track. It is also in agreement with simulating of the landslide movement for the present
study by DeBlasio (2005). To find geometrical behavior of the landslide several
longitudinal and transversal cross section carried out based on the subtractive topographic
map obtained from Digital photogrammetry. Figure 5-33 shows four longitudinal section
of the landslide from its eastern part to the west. As the 2D figures show depletion area is
almost equal to the sedimentation area. According to errors of aerial photographs (the
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aerial photos have different scales), there are some errors in the graphs, so the graph to
the eastern part of the landslide could be a representative profile.

Figure 5-32 Flow of debris material in the middle part of the landslide where used to be the Fatalak
village.

As the figure show materials depleted from the upper part as big escarpments and
traveled in a same elevation for about 300-400 meter and accumulated in the lowest
point of the valley. Several transtentional profiles carried in order to identify internal
side movement of the mass. They show the above definition that slide had a shallow
track in its middle part (section 5 in Figure 5-34).
Figure 5-34 shows some samples of transversal cross sections to imply landslide
geometry. Number 2 is taken from the uppermost part of the failed slope and number
18 is in the point of stop. Figure 5-35 shows the approximate point of the section 2.
A stream is current in the valley of the landslide that could have filled with material
after the event. Longitudinal section shows the fullness of the valley. However by
looking at the aerialphotographs it become clear that there is no change in the
direction of stream but it is visible that sides of the stream are filled after the event.
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Figure 5-33 Longitudinal sections of the Fatalak landslide confirm the position of depletion and
sedimentation. Vertical axis is elevation a.s.l. and horizontal axis is distance, both in meter.
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Figure 5-34 Four representative transversal cross sections perpendicular to the longitudinal sections.
Section 2 is in the escarpment of the landslide in its uppermost part. As it shows maximum depletion
of material is about 30 meter. To the slice number five terrain became unchanged. It means total
volume of removed material is going to be equal to gain material. Downslope to section 11 the
terrain become uplifted in western part and flattened in eastern part. And in the final passage of the
landslide terrain is uplifted (number 18).

131

In the higher elevation where surface of the slide material is intact some sinus features
are visible. These features show compressinal component of the earthquake in the area.
Direction of the features is eastward and perpendicular to the valley. The main shock
took part as the accelerator for the slope to fail (Figure 5-36).
The landslide consists of two parts as the definition by Varens (1996)
1- the rotational escarpments : debris slide
2- flowing of Unconsolidated coarse grain sediments (engineering soil) : debris flow
The present study divided the landslide to two segments in order to classify the slope
movement based on definition by Varens (1996). It is classified as a debris-slide in its
upper part where the rotational slices have formed huge escarpments (Figure 5-35, Figure
5-36 and Figure 5-37). The rest of the body sets to debris-flow as the slide demonstrate
material flow in its middle part. Longitudinal and transversal cross sections prepared by
digital photogrammetry model DGM are in agreement with this partition. One part is area
of depletion and is demonstrated in the longitudinal cross sections. In these sections all
the area between blue curve and red curve shows the removed materials.
Where blue line s over the red line the landslide is in its erosion or depletion part. Where
the red curve is over the blue one the landslide is in its sedimentation zone.
Slide materials passed from the rotational slide started to flow downslope. In the middle
part of the landslide there is an area that no change is visible in the DGM models. It
means that most of the eroded materials pass through a zone with small amount of
erosion or sedimentation. Everything in this position has swept out so there are some
trees that are still alive (Figure 5-38). However most of the green staffs are demolished
by the running materials.
As it mentioned in the geology section nearly all of the material are recent sediments
that overlaid volcanic rocks. The contact between them might be normal but there are
some evidences of faulting in the contact because some of the blocks that involved in the
movement are either brecciated or traced by fault movement as slickenside (Figure 5-30).
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Figure 5-35 The highest escarpment of Fatalak landslide which has maximum height of 30 meter
(blue line). To the right of the figure another escarpment is visible (red curve). Surface of the second
slice has a slope angle to the first escarpment (yellow lines). It shows the slice is rotated during the
slide.
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Figure 5-36 Effect of the earthquake main shock on the slide surface as compressional feature. This
sinus feature is perpendicular to the valley.
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Figure 5-37 A simple model that shows retation of the first escarp in the Fatalak landslide,
reproduced from www.ew.govt.nz/enviroinfo/hazards.

Figure 5-38 Flowing material around a cypress tree in the middle of the landslide. The picture
shows that running materials did not have a large thickness. However most of the trees in the area
have demolished.
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The landslide changed its behavior from rotational debris slide to debris flow in the
middle part of area. Two parts of the broken pipeline (Figure 5-39) that carried over the
surface is shown in Figure 5-39. It verifies that failed materials started a surficial flow
ness in the middle of the landslide.
Down to the valley accumulation of material is visible along the main drainage of Fatalak
valley. Debris flow had blocked the stream for a while so it destroyed by itself. Some of
the residential in small hamlets down to the valley has buried in the toe (Figure 5-40 and
Figure 5-41). It is approximated by local people that some of houses buried under 11
meters of debris. From the field investigation and aerial photogrammetery it seems that
the slide contains of two flows. One of them is that materials belong to the western
escarpment. They flew downslope from the slide area to the bottom of the valley. The
other flow formed of eroded materials from the eastern escarpment. These sediments
dammed the tight valley and started to travel along the stream. So the first flow stopped
at the base of the river with a small upward movement in the other flank and the second
flowed downward to the valley and ran over the previous flow (Figure 5-43).
Sumarry:
-

The Fatalak landslide is a combination of debris slide- debris flow.

-

The landslide took place in the same time of the major earthquake of ManjilRudbar.

-

This landslide has all three components of landslide partition; depletion area,
transformation area and sedimentation area.

-

It contains of a set of escarpments as high as 30m.

-

Fatalak village which is demolished by the slide material had located in the
middle of the slide area. Existanse of several water springs is reported by local.

-

According to witnesses and aerial photo this village was in front a small and old
escarpment (Figure 5-44).

-

There is a new escarpment n the position of the village that caused fatal event in
Fatalak.

-

Except Fatalak village other location in the middle of the landslide were exposed
to material transition.
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-

In the sedimentation part 10 to 15 meters of materials were accumulated on the
old terrain.

-

Despite reports about existence of two separate escarpments no sign of that found
during the investigation. However some differences in the terrain of the slide
show that the slide contains of two debris flows in its eastern and western part.
The eastern part traveled a longer distance than the western part.

Figure 5-39 Shows a broken pipeline that carried over the surface.
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Figure 5-40 Flowing of materials come from the eastern part of the slide, they cover the western
deposited materials.
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Figure 5-41 Another picture of debris flow in the western edge of the landslide.
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Figure 5-42 Landscape of the Fatalak Landslide, its escarpment is shown by the dashed line.
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Figure 5-43 aerial photo of the slide body taken after the event(2002), courtesy of Iranian NCC.
Blue line is slid area. Blackcurve shows the escarpment near Fatalak village. 1 is the escarpment area
and depletion, 2 is transition, 3 is western debris flow and 4 is the eastern debris flow.

In order to demonstrate the position of pictures taken in the Fatalak landslide Figure 5-45
and Figure 5-46 are presented.
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Figure 5-44 Aerial photo by Iranian NCC, scale of 1:20000taken in 1968. The Fatalak village used to
be in the west of the red line. The red line was an escarpment before the landslide.
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Figure 5-45 A landscape of the Fatalak landslide that indicates location of two pictures.
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Figure 5-46 Same as the previous picture, this figure shows the position of two pictures from the
upper part of the landslide.
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6

Seismology
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6.1 Seismology of the study area
The study area is located in one of the active regions in the Alborz system that is along
the Alpine-Himalayan belt (Niazi and Bozorgnia, 1992; Berberian et al., 1992). The
region has experienced many seismic activities along the recorded history. Amberseys
and Melville (1982) have done a complete report on historical earthquake in Iran.
Berberian (1992) has listed number of earthquakes with magnitudes 5.0 to 7.7 within a
150km radius of Rudbar during last 3000 years (table 6-1). The table reproduced from a
long list of destructive earthquakes that have recorded in historical documents. Niazi and
Bozorgnia (1992) reproduced table 6-2 from Amberseys and Mellvile (1982) that shows
historical major earthquakes in Taleghan Mountains just 100km to the east of Manjil.

Date

Latitude( oN)

Langitude(oE) Magnitude(Ms) Epicentere

1000 B.C.

36.8

49.5

958

36

51.1

7.7

Taleghan

1608

36.4

50.5

7.2

Tonkabon

1678

37.2

50.0

6.5

Lahijan

1962

35.68

49.74

7.2

Buyin Zahra

1990.06.20

36.96

49.41

7.7

Rudbar-Manjil

Marlik(Rudbar)

Table 6-1- Major historical earthquakes within a 150km radius of Rudbar, reproduced
from Berberian et al. (1992). Location names are shown in the Figure 6-4.
Date

Latitude( oN)

Langitude(oE)

Magnitude(Ms)

Epicentere

958

36.0

51.1

6.4

Taleghan

1608

36.4

50.5

7.6

Mountain

1808

36.4

50.3

5.9

Table 6-2- Major historical earthquakes in Taleghan Mountains 100km to the east of
Manjil, reproduced from Niazi and Bozorgnia (1992) based on Amberseys and Mellvile
(1982). Taleghan is shown in the Figure 6-4.

The earthquake of 20 June 1990 (National Earthquake Information Centre origin time
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21:00:09-9; 36.957°N, 49409°E; Ms 7.7) that occurred in Manjil and Rudbar resulted in
over 35,000 deaths, more than 60,000 injuries, 500000 homeless and the virtual
destruction of the cities of Manjil, Rudbar and Loshan.
In terms of both radiated energy and surface-wave magnitude, this is the second largest
strike-slip earthquake to have occurred on an intracontinental fault in the past decade
(1990’s), being exceeded in size only by the Luzon, Philippines earthquake of 16 July
1990 (My 7.8; ME 7.7) (Choy and Zednik, 1997).

6.2 Surface rupturing
Despite a very large meizoseismal area, the identification of the causative faults have been
a matter of conflict between geologists. Moinfar and Naderzadeh(1990) declare that the
causative fault of the earthquake has a right lateral strike slip displacement. Tavakoli and
Ramazi (1991) introduced a reveal surface rupture in Balkesar (eastern part of Rudbar) that
shows a maximum horizontal displacement of 1 meter and maximum vertical displacement
of 50 cm. This fault has 15km length and could be continued to a crushed zone in northern
Rudbar. This crushed zone caused many landslides and rock falls in the area that the
Fatalak landslide is one of them (Tavakoli and Ramazi, 1991).
Berberian et al. (1992) found three main discontinuous en- echelon fault traces with an
overall length of about 80 km. However newly observation by Jakson et al. (2002) shows
all the segments are continuous. These three main fault segments are arranged in a right
stepping en-echelon pattern (Berberian et al. 1992) with strikes between 90o to 120 o. From
west to east they are the Kabateh, Baklor and Zard-Goli faults (Balkesar fault of Tavakoli
and Ramazi, 1991) (Figure 6-4). The Kabateh fault segment has a strike about N45 W
(Zare and Moinfar, 1994). Zare and Moinfar (1994) also do not agree with the strike of
Baklor fault reported by Berberian et al. (1992) and suggested that the fault has north –
south strike. Each fault trace had left-lateral slip with an oblique high-angle reverse
component. Moinfar and Naderzadeh (1990) reported right lateral movement on Harzebill
fault zone (the Manjil thrust fault of Berberian et al.1992 and Nazari and Salamati 1998), a
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fault zone parallel to but about 10 km south of the surface faulting reported by Berberian et
al. (1992). Manjil thrust was later re-examined by Zare and Moinfar (1994) and found to be
left lateral. Zare and Moinfar (1994) reported traffic interruption of North Manjil tunnel
because of reactivation of one segment of Harzehbill (Manjil) fault zone in the area of the
tunnel. They could not find evidence to confirm faulting westward of the village of
Jirandeh (eastern end of the Zardgoli fault) that was reported by Berberian et al. (1992).
Hafezi (1993) believes a combination of the mentioned fault sets is involved to earthquake
happening, however he mentions other fault sets in the north-eastern of Rudbar such as
Lahijan fault. In his literature he subdivided the involved faults as two sets with different
strikes. The first set has a strike of NW-SE for instance Lahijan fault with thrust faulting
behaviour and the other set with predominant strike of WNW-ESE such as
Harzevill(Manjil) thrust fault and Rudbar earthquake faults( those which interpreted for
instance by Tavakoli and Ramazi, 1991 and Berberian et al.,1992).

6.3 Strong motion records
Within a radius of 250 km around the earthquake Manjil-Rudbar epicentre, 50
accelerograph instruments recorded the Manjil-Rudbar earthquake event and their
accelerograms are available on the web site of Building and Housing Research Center
(BHRC) of Iran (see Table 6-3).
The strongest ground motions were recorded at the Abbar station (see map on Figure 6-1)
at a distance of about 10 km from the earthquake fault. The maximum horizontal and
vertical accelerations recorded at this station were about 0.65 g and 0.52 g respectively.
Figure 6-2 shows the acceleration time histories of the motions recorded at the Abbar
station. Figure 6-3shows the acceleration response spectra of the motions at 5% damping
ratio.
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Table 6-3 Strong motion records of the Manjil-Rudbar earthquake available on the web
site of Building and Housing Research Center in Iran
(http://www.bhrc.gov.ir/Bhrc/d-stgrmo/D-StGrMo.htm).
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Figure 6-1 Locations of the strong motion recordings of the Manjil-Rudbar earthquake.
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Figure 6-2 Strong motion recordings of the Manjil-Rudbar earthquake at Abbar.
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Figure 6-3 Figure 6-3
Acceleration response spectra of the strong motion recordings of the
Manjil-Rudbar earthquake at Abbar.

The earthquake happened in an area with historical and recorded events. Some of the
devastated areas by previous earthquakes are shown in the Figure 6-4. More discussion
about the points on the map is provided in the related section on “seismicity”.
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Figure 6-4 Figure 6-4
The region of the Rudbar- Manjil earthquake. Meizoseismal contours are
from Building and Housing Research Center. Three separate fault segments are shown by their name
(Berberian et al.,1992). The symbol o represents aftershocks with magnitude between 4.5 and 5, KL
shows aftershocks with magnitudes more than 5.0 and * shows the epicentre of the main shock (Choy
and Zednik1997). R (M) : Rudbar and Marlik, M: Manjil, L: Lahijan, T: Tonkabon, Ta: Taleghan
and B: Buyin Zahra.

The main shock has a horizontal distance of 16 km to the Fatalak landslide and 20 to the
Rudbar landslide (Figure 6-5). As Figure 6-2 shows, some of the aftershocks have
different distances and smaller magnitudes compare to the main shock. However both
landslides that were investigated in the present study were triggered by the main shock.
There is, however, report of an aftershock with magnitude of 4.8 that happened 5 km to
the north-east of Rudbar city 8 days after the major event, which triggered some
landslides in the area (UN Department of Humanitarian Affairs, 1990).
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Figure 6-5 Figure 6-5
The GPS data for the locations of the main shock and aftershocks of the
Rudbar-Manjil earthquake. Positions of the landslides of Rudbar and Fatalak are also shown.

6.4 Dynamic response analyses
In order to estimate the seismic response of different layers of both study areas to the
earthquake, dynamic response analyses were carried out. The purpose of the dynamic
analyses was to:

•

Identify an appropriate earthquake time history for performing sensitivity analyses of
the seismic response of slopes in the study area.

•

Estimate the shear strains and displacements induced by the Manjil-Rudbar
earthquake event in the slopes of the Rudbar and Fatalak landslides, and evaluate
their sensitivity to the input parameters.

To perform the analyses, soil parameters such as friction angle, cohesion, specific
density, as well as depth of each assumed layer were estimated. The analyses were
performed with a program called AMPLE, which performs 1-dimensional site response
analyses.
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6.5

Description of model
The 1-dimensional dynamic response analyses were performed with the computer
program AMPLE (Nadim, 1991).

AMPLE is an earthquake site response program that models a layered soil profile as a onedimensional, non-linear shear beam. The non-linearity is due to the non-linear soil stressstrain characteristics, which should be described by a constitutive law (stress – strain
response) specified by the user. The earthquake motion is assumed to be caused by
vertically propagating shear waves. The resulting incremental wave propagation equations
are solved numerically in the time domain using the explicit central difference method.

In the dynamic stability evaluation of a slopes, the soil response is assumed to be
undrained during the earthquake loading, the earthquake-induced stresses normal to a
potential failure surface are not important. It means that only the stresses parallel to the
potential failure surface to be counted. This is similar to the pseudo-static analysis of
dynamic slope stability where the effect of vertical pseudo-static force is neglected. The
reason is that it may increase or decrease both the driving and resisting forces in
evaluation of factor of safety, depending on its direction. Because of the lack of drainage
during the earthquake, the changes in the normal stress are equal to the changes in the
pore water pressure, and the effective stress, which governs the soil behaviour, remains
unchanged. Thus, in the dynamic stability analysis, only the inertial force parallel to
mean inclination of the slope is important. Figure 6-6 shows the 1-D model in AMPLE
for seismic response of an infinite slope.
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Figure 6-6 Figure 6-6 The 1-D model in AMPLE for seismic response of an infinite slope.

Consider the infinite slope depicted on Figure 6-6. At any depth, h, the following normal
and shear stresses act on a plane parallel to the surface:
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σ' = γ'⋅ h ⋅ cos2θ
τ = γ'⋅ h ⋅ cosθ ⋅ sinθ

Where γ' is the submerged unit weight of the soil and θ is the slope angle.

The existing soil models in AMPLE were modified to include the permanent shear stress
acting on the plane parallel to the slope.

The hyperbolic, failure-seeking soil model was used in the analyses. This is the simplest
non-linear soil model, which is defined by two parameters, namely the initial shear
modulus (the resistance of material against being deformed by the shearing force), Gmax,
and the undrained shear strength, Su. These two parameters define the shear stress-strain
response of the soil (backbone curve) as a hyperbola with initial stiffness of Gmax which
approaches Su asymptotically at very large strains. The failure-seeking rule (Cundall,
1979) is used to model the unloading-reloading response. This rule states that when stress
reversal occurs during cyclic loading, then the stress – strain response after load reversal
is simply the initial backbone curve with the same initial stiffness, but ‘stretched’ to reach
failure at the strength level in the present load direction. The initial backbone curve is
thus sufficient to define the complete cyclic response. After each load reversal, the curve
‘seeks’ failure at the relevant strength level.
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6.6

Modelling of the Rudbar landslide
Figure 6-7 shows the situation of upper part of the slide body days after the event.

Figure 6-7 Figure 6-7
The upper layer of the Rudbar landslide moved freely. Its position is
remained after the event. The picture which is taken from the highest escarpment of the landslide
adopted from Pedrami et al. (1990).

Figure 6-8 shows a profile of the most critical slope in the Rudbar landslide, where
instability most likely occurred for the fist time. This profile is near escarpment 3 where
the first failure happened. The profile was used for the AMPLE-analyses.

Depth of the profile is assumed to be 22 m, saturated from depth of 10 m. The undrained
shear strength, Su , was obtained from the following equation:

Su = C + σ’v ⋅ tan φ
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Figure 6-8 Figure 6- 8

Assumed soil profile modelled by the AMPLE program.

Rudbar

φ ο C (kPa) γ, g/cm3

Upper layer

20

34

18

10

2 (each 1m)

Lower layer 25

22

22

10

10 (each 2m)

Table 6-4

Depth of water table (m) Number of sublayers

Soil specification used as input to the model.

As mentioned earlier, the maximum acceleration of the earthquake was recorded to be
0.648 g by the nearest accelerogram at Abbar Station, some 10 km to the west of the
epicentre.

The number of sublayers in the profile was assumed to be 12. Two sublayers of 1 m
thickness were assumed for the Holocene clay of (the upper layer). The lower part of the
profile was modelled as 10 layers of remolded Jurassic materials.
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The different shear modulus profiles were assumed for the soil, equal to 1000 and 1500
times of Su respectively. Diagrams in Figure 6-9 to Figure 6-11 show the earth response
for the applied acceleration in the specified profile of the Rudbar landslide.

As the diagram in Figure 6-9 shows, the highest shear strain occurred at the depth of 8 m,
which is near the water table, but large shear strains occurred throughout the profile down
to the assumed bedrock. This pictures matches the observed failure mechanism in some
places, where the rupture surface was estimated to be at a depth of 8 m. According to
previous studies, such as Haeri and Gatmiri (1996), and the present study, however, the
depth of slip surface is lower than 8 m. This can be explained by the accumulation of
flowed materials as well as relatively high earthquake-induced shear strain in deeper
layers. In the rupture zone (for example near escarpment 3 or 1), the depth of the
calculated slip surface is the same as that predicted by the dynamic response model (8 m).
With a higher estimate of Gmax the soil body became more resistant to the applied
acceleration, but large shear strains still occurred.

Figure 6-10 shows the highest acceleration was calculated for the top layer (depth of 1m
is equal to 0.8g) but became constant for other layers (about 0.5-0.6g). As it is mentioned
in the description of event, the upper layer moved rapidly over the slide in the
escarpments and remained more or less unchanged. So the higher acceleration in the first
two layers does not show the higher strain (Figure 6-10).

Figure 6-11 shows the computed maximum displacements in the soil profile (relative to
the bedrock). It can be seen that the pattern is the same for both assumed Gmax profiles.
The following conclusions may be drawn from the AMPLE modelling:

The highest earthquake-induced shear strain happened in the depth of 8 m, and it was
about 4%. This value drops to 2% down to the bedrock.
The highest shear strain accumulation occurred near the water table.
Peak acceleration is more-or-less constant within the soil profile.
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Figure 6-9 Figure 6-9 maximum earthquake-induced shear strains within the soil profile for the two
assumed Gmax input (all input motions scaled to peak acceleration of 0.648g).
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Figure 6-10 Figure 6-10 maximum earthquake-induced shear strains within the soil profile for the
two assumed Gmax input motions (all input motions scaled to peak acceleration of 0.648g).
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Figure 6-11 Figure 6- 11 Relative displacements as a function of time in the Rudbar landslide.

6.7

Modelling of the Fatalak landslide
Figure 6-12 shows the most critical slope in the Fatalak landslide, where instability most
likely happened for the fist time. This profile is representative for the escarpment area
where the first failure happened.
The profile used in the analyses is assumed to be 15 m deep and unsaturated. The shear
strength, S, was obtained from the following equation:

S = C + σ’v . tan φ

where C is the cohesion and φ is the friction angle. Table 6-5 lists the soil properties of
the Fatalak landslide which were used as input to the model.
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Figure 6-12Figure6- 12 Assumed profile of soil in the Fatalak landslide used in modeling in
AMPLE.

Fatalak

φ ο C (kPa) γ, g/cm3

One layer 25 13

20

Depth of Water table (m) Number of sublayers
Very deep

10 (each 1.5 m)

Table 6-5 Soil properties of the Fatalak landslide which were used as input.

The input motion was the nearest recorded accelerogram in Abbar Station, some 10 km to
the west of the epicentre.

Different shear modulus profiles assumed for the profile were equal to 1000 and 1500
times of shear strength respectively. Figure 6-13 to Figure 6-16 show the earth response
for the applied acceleration in the specified profile of the Fatalak landslide.
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As the diagram the Figure 6-13 shows, the highest strain happened in the depth of 6m.
General failure would happen in this range where maximum strain is 8 %. It is smaller
when Gmax is equal to 1500 Su (Figure 6-14).
Figure 6-15 shows the highest acceleration was computed in the first (top) layer (equal to
0.8 g), but became more-or-less constant for other sublayers (about 0.6 - 0.7 g). It varies
in different depth for Gmax (Figure 6-16).
When shear modulus is assumed to be 1500Su a bigger displacement is calculated in the
model.

The following conclusions may be drawn from AMPLE modelling:

The highest shear strain happened in the depth of 6 m, but it drops to smaller value down
to 15 m.
When the shear modulus is higher shear strain and displacement are less than
Gmax=1000Su.
Acceleration is constant with respect to depth for Gmax =1000Su. but it varies in the
different depth when Gmax is assumed to be 1500Su.
Response of soil is more related to location of water table than to shear modulus. When
water does not exist in the system, shear strength and Gmax values are larger.
As the ground acceleration dropped 40 seconds after first shake, the main failure should
have happened at this time. The model prediction is in agreement with the observations.
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Figure 6-13Figure 6-13 maximum earthquake-induced shear strains within the soil profile for the
assumed Gmax equal to 1000Su (all input motions scaled to peak acceleration of 0.648g).
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Figure 6-14Figure 6-14 maximum earthquake-induced shear strains within the soil profile for the
assumed Gmax equal to 1500Su (all input motions scaled to peak acceleration of 0.648g).
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Figure 6-15Figure 6-15 The maximum acceleration with respect to depth for Gmax =1000su.
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Figure 6-16Figure6- 16 The maximum acceleration with respect to depth for Gmax =1500su.
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7 Slide triggering and slide
movement
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Evaluation of slope stability

The stability of slopes is influenced by many factors. Geological, hydrological,
topographical, geometrical, and material characteristics all influence the stability of a
particular slope. Information on these characteristics is needed to reliably perform and
interpret the results of both static and seismic slope stability analyses (Kramer 1996).

To obtain these information, review of available documents, field reconnaissance, field
monitoring, subsurface information and material testing are necessary. Only after
obtaining all this information is the evaluation of slope stability possible.

7.1 Static slope stability

Slope stability analysis will generally be required for cut, fill, and natural slopes
whose slope gradient is steeper than two horizontal to one vertical (2:1), and on other
slopes that possess unusual geologic conditions such as unsupported discontinuities or
evidence of prior landslide activity. Analysis generally includes deep-seated and surficial
stability evaluation under both static and dynamic (earthquake) loading conditions.

Evaluation of deep-seated slope stability should be guided by the following:
1. The potential failure surface used in the analysis may be composed of circles,
planes, wedges or other shapes considered yielding the minimum factor of safety
against sliding for the appropriate soil or rock conditions. The potential failure
surface having the lowest factor of safety should be sought.
2. Forces to be considered include the gravity loads of the potential failure mass,
structural surcharge loads and supported slopes, and loads due to anticipated
earthquake forces. The potential for hydraulic head (or significant pore-water
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pressure) should be evaluated and its effects included when appropriate. Total unit
weights for the appropriate soil moisture conditions are to be used.
Evaluation of surficial slope stability should be guided by the following:
1. Calculations may be based either on analysis procedures for stability of an infinite
slope with seepage parallel to the slope surface or on another method applicable
to the situation at hand. For the infinite slope analysis in areas with high
precipitation, the minimum assumed depth of soil saturation is the smaller of
either a depth of one (1) meter or depth to firm bedrock. Soil strength
characteristics used in analysis should be obtained from representative samples of
surficial soils that are tested under conditions approximating saturation and at
normal loads approximating conditions at very shallow depth.
2. Appropriate mitigation procedures and surface stabilization should be
recommended, in order to provide the required level of surficial slope stability.
3. Recommendations for mitigation of damage to the proposed development caused
by failure of off-site slopes should be made unless slope-specific investigations
and analyses demonstrate that the slopes are stable. Ravines, swales, and hollows
on natural slopes warrant special attention as potential sources of fast-moving
debris flows and other types of landslides. If possible, structures should be located
away from the base or axis of these types of features.
Slopes become unstable when the shear stress required for maintaining equilibrium
reachs or exceed the shear strength on the potential slip surface. If the shear stresses
under static gravitational loading are high, the additional dynamic shear stress needed to
produce the instability may be low. Therefore the seismic stability of slope is strongly
influenced by its static stability. The most commonly used methods of analysis of slope
stability are the limit equilibrium analysis and stress deformation analysis.

7.2 Limit equilibrium analysis
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The analyses consider force or moment equilibrium of a mass of a rigid soil above a
potential failure surface. The available shear strength is assumed to be mobilized at the
same rate at all points on the potential failure surface (Kramer, 1996). Hence the factor of
safety is constant over the entire failure surface. No information is required about the
slope deformation because of assuming the soil is a rigid body. Slope stability is
expressed as an index, the factor of safety, defined in the relationship below:

FS = (available shear strength) / (shear stress required to maintain equilibrium)

The factor of safety can be viewed as the factor that the shear strength of the soil would
have to be divided to bring the slope to the edge of instability. According to Kramer
1996, a variety of limit equilibrium procedures have been developed to analyse the static
stability of slope. These are:

1- Culmann method for translation or planar slip surface,
2- Wedge method for failure in two or three planes,
3- Bishop method for homogenous circular slip surface,
4- Morgenstern and Price method for non-homogeneous and non-circular failures (Figure
7-1).

Figure 7-1 Common failure surface geometries: (a) planar; (b) multiplanar; (c) circular;

(d) noncircular, (From Kramer 1996).
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Typical minimum factor of safety for permanent slopes and long-term loading is 1.5 and
for temporary slopes or end of construction condition is about 1.3.

A factor of safety equal to 1 means that available shear strength of the soil is fully
mobilized in almost all points on the potential slip surface. Hence the slope is a state of
imminent failure. In this situation any additional loading will cause the failure.

7.3 Stress-deformation analysis

The stress-deformation analyses allow consideration of the stress–strain behaviour
of soil and rock. In application to a slope the analyses can predict the magnitude and
pattern of stresses, movement and pore pressure in slopes during and after construction or
deposition. For static slope stability analyses, stress-deformation analyses offer the
advantages of being able to identify the most likely mode of failure by predicting slope
deformations up to the point of failure, of locating the most critically stressed zone within
a slope, and of predicting the effects of slope failures.

Seismic slope stability

Analysis of the seismic stability of slopes is more complicated than static slope
stability analyses, because it needs to consider the effects of dynamic stresses induced by
earthquake shaking and also the effects of those stresses on the strength and stress-strain
behaviour of the slope materials. There are two categories of seismic slopes instabilities
on the basis of which of these effects are principal in a given slope, inertial and
weakening instabilities.
In the first one the shear strength of the soil remains constant, but temporary
exceedances of that by additional dynamic earthquake stresses makes the deformation of
the slope. Weakening instabilities happen when earthquake serves to weaken the soil
sufficiently that it cannot remain stable under stresses induced by earthquake.

171

Horizontal and vertical dynamic stresses induce by earthquake motions; produce dynamic
normal and shear stresses along potential failure surface within a slope. These additional
stresses on the previously existing static shear stresses may exceed the available shear
strength and inertial instability of the slope.
Several techniques for the analysis of inertial instability have been proposed. They all
differ in the accuracy with which the earthquake motion and the dynamic response of the
slope are represented.
There are four generally accepted methods of slope stability analysis for seismic
loading conditions. Two of these methods, the pseudo-static analysis and the Newmark
analysis, have practical applications for most residential and commercial development
projects affected by Seismic Hazard Zone Maps. The pseudo static analyses will be
discussed in some detail in the following sections.
The simplest approach to a dynamic slope stability calculation is the pseudo-static
analysis in which the earthquake load is simulated by ”equivalent" static horizontal
acceleration acting as an inertial force on the mass of the landslide in a limit-equilibrium
analysis. The pseudo-static approach has certain limitations, but this methodology is
considered to be generally conservative, and is the one most often used in current
practice, because is familiar to most engineers. For use in determining the seismic
stability of slopes, limit equilibrium analyses are modified slightly with the addition of a
permanent lateral body force, which is the product of a seismic coefficient and the mass
of the soil bounded by the potential slip. This coefficient is a fraction of the expected
Peak Horizontal Acceleration.

The second procedure is known as the Newmark method or cumulative
displacement analysis (Newmark, 1965; Makdisi and Seed, 1978). The procedure
involves the calculation of the yield acceleration, defined as the acceleration required
causing the pseudo-static factor of safety to reach 1.0, from the traditional limitequilibrium slope stability analysis. The procedure then uses a design earthquake strongmotion record which is numerically integrated twice for the amplitude of the acceleration
above the yield acceleration to calculate the cumulative displacements. These analytical
displacements are then evaluated in light of the slope material properties and the
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requirements of the proposed development. The pseudo-static and Newmark analyses
will be described in more detail later.

The third method is referred to as the Makdisi-Seed analysis (Makdisi and Seed, 1978).
Makdisi and Seed’s work (1978) sought to define seismic embankment stability in terms
of acceptable deformations instead of conventional factors of safety, using a modified
Newmark analysis. Their method presents a rational means by which to determine yield
acceleration, or the average acceleration required to produce a factor of safety of unity.

Design curves were developed to estimate the permanent earthquake-induced
deformations of embankments 30 to 60 m high using finite element analyses. These same
methods have since been applied to sanitary landfill and highway embankments. Very
little application of this method has been made to pre-existing landslides.

The most sophisticated method for seismic slope stability calculations is known as a
dynamic analysis (Cotecchia, 1987) or a stress-deformation analysis (Kramer, 1996) and
it typically incorporates a finite-element or finite-difference mathematical model. In this
type of analysis the ground motion is defined in the form of an acceleration time history.
Seismically-induced permanent strains in each element of the finite element mesh are
integrated to obtain the permanent deformation of the slope. The results of the analysis
include a time history of the compressive and tensile stresses, natural frequencies, effects
of damping, and slope displacements.

Pseudo-static analysis

This method started in 1920s, in which the seismic stability of slope has been
analysed by a pseudostatic approach where in the effect of an earthquake are represented
by constant horizontal and vertical accelerations. Pseudo-static analysis represent the
effects of earthquake shaking by pseudostatic accelerations that produce inertial forces,
F h and F v which act through the centroid of the failure mass (Kramer, 1996). Their
magnitudes are as below:
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F

h

F v=

=

a hW
g

= k hW

a vW
= k vW
g

Where a h and a v are horizontal and vertical pseudostatic accelerations, k h and k v
dimensionless horizontal and vertical pseudostatic coefficients, and W is the weight of
the failure mass (Figure 7-2).

Figure 7-2 Forces acting on triangular wedge of soil above planar failure surface in pseudostatic
slope stability analysis, from Kramer, 1996.

Selection of the pseudostatic acceleration is not a simple matter. Here the factor of safety
could be solved as the following

FS =

resisting force cl ab +[(W − F v ) cos β − F h sin β ] tan φ
=
driving force
(W − F v ) sin β + F h cos β

where c and φ are the Mohr - Coulomb strength parameters and cl ab is the length of the
failure plane. The horizontal pseudostatic force decreases the factor of safety, because
decreases the resisting force and increases the driving force. The vertical pseudostatic
force has less influence on the factor of safety because it increases or decreases both the
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driving and resisting forces, depending on its direction, as a result, the effect of that is
neglected in pseudostatic analyses.

The pseudo-static analyses can be used to evaluate pseudostatic factors of safety for
planar, circular, and noncircular failure surfaces.

Selection of a Seismic Coefficient

There have been a number of published articles that provide guidance in the
selection of an appropriate seismic coefficient for pseudo-static analyses. Most can be
regarded as being within a range of values enveloped by the recommendations of two
publications, Seed (1979), and Hynes and Franklin (1984).
Seed’s 1979 article summarizes the factors to be considered in evaluating dynamic
stability of earth- and rock-fill embankments. He recommended that: using a pseudostatic coefficient of k h = 0.10 for magnitude 6½ earthquakes and k h = 0.15 for magnitude
8¼ earthquakes, with an acceptable factor of safety of the order of 1.15. Seed believed
that his guidelines would ensure that permanent ground deformations would be
acceptably small. Hynes and Franklin (1984) provided amplification factors to be used
when considering the crest of an embankment in comparison to the input accelerations at
the base, with the intention of identifying those embankments, which could be expected
to experience unacceptable deformations. They suggested using one-half the bedrock
acceleration applied to the embankment crest with an acceptable factor of safety greater
than 1.0, with a 20 percent reduction on material strengths. Hynes and Franklin limited
the assessment to earthquakes of less than magnitude 8 with non-liquefiable materials
comprising the embankment.
However Terzaghi (1950) suggested the use of k h = 0.1 for sever earthquakes, k h = 0.2
for violent, destructive earthquakes and k h =0.5 for catastrophic earthquakes.

Limitation
Although the pseudo static method is useful for indicating an approximate level of
seismic stability in terms of factor of safety against failure, it suffers from several
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potentially important limitations: (a) they do not indicate the range of slope deformations
that may be associated with various factors of safety, (b) the influence of excess pore
pressure generation on the strength of the soils is incorporated in only a very simplified,
“decoupled” manner, for example the method is not reliable for soils that build up large
pore pressure or show more than about 15% degradation of strength due to earthquake
shaking ; (c) progressive deformations that may result due to cyclic loading at stresses
less than those required to reduce specific factors of safety to unity are not modeled; (d)
strain softening behavior for liquefiable soils or sensitive clays is not directly accounted
for; and (e) important aspects of soil structure interaction is not evaluated. Kramer (1996)
illustrated that pseudostatic analyses produced factors of safety well above 1 for a
number of dams that later failed during earthquakes.

By using pseudo-static method some models ran in the (Geoslope, slope/w) software. The
result of the different situation assumed in order to apply in the software is shown as the
following .its advantages demonstrates as below
In order to find slope stability in the Rudbar landslide in its upper escarpment several
analyses carried out. Geotechnical data as well as obtain geometry from the Digital
Photogrammetry imported Slope/W software. This software is designed to analyses of
slope stability based on Bishop method whith ability of using other methods. All the
analysis of slope stability in this program calculates with respect to the pseudo-static
method. Slope/w is one of few other types of software such as seep and Quake, packed as
Geoslope. From the calculated models of slope stability two of them selected as the
nearest model to nature for the Rudbar and Fatalak landslides respectively.
In the first situation slope assumed to be static with its own strength parameters, and
geometry. Water table information also interpolated to the program from the present and
previous studies. In the second situation a dynamic load applied to the slope in order to
calculate the critical coefficient of acceleration.

7.4 Slope stability for the Rudbar landslide:
The following information imported to the program to analyses in Bishp method (Table71). Failure happens in the loading of about 0,1 g. while the maximum acceleration in the
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area has been equal to 0.648g. this data is almost equal to previous studies such as Shoaie
and Sassa (1993) and Haeri and Gatmiri (1996) see Figure 7-3.

Dynamic

Unit

Cohesion

loading g

weight

kg/cm2

φο

Water table

Slope

m

angle o

FS

1,31

g/cm3
Static

20,58

4,5

25

Slip surface

20

0.1

2058

4,5

25

slipsurface

20

0,09

1.02
Fail

Table 7-1 Input data and calculated factor of safety for static and dynamic slope stability
analysis, for the Rudbar landslide.

Figure 7-3 Slope stability analyses of the Rudbar landslide in its first 180meter (upper escarpment).
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7.5 Slope stability for the Fatalak landslide:
The following information imported to the program to analyses in Bishop method (Table
7-2). Factor of safety in the static situation calculated to be 1,665. Applied acceleration
equal to 0.19 g brings the factor of safety under unity (Figure 7-4).
Cohesion
kg/cm2

φο

Static

Unit
weight
g/cm3
19,6

13,72

25

0.2

19,6

13,72

25

Dynamic
loading g

0,19

Water table
m

Slope
angle o

FS

Below Slip
surface
Below
slipsurface

20

1,66

20

1.02
Fail

Table 7-2 Input data and calculated factor of safety for static and dynamic slope stability
analysis, for the Fatalak landslide.

Figure 7-4 Slope stability analyses of the Fatalak landslide in its first 200meter (upper escarpment).
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7.6 Numerical simulations of Fatalak: some conclusions.

Although the numerical simulations of the Fatalak landslide must be considered as
preliminary, it is possible to draw some partial conclusions. As a first attempt, we
simulated the landslide using the same cohesion and internal friction angle measured in
the laboratory for samples taken from the landslide. The results of the simulation were
not satisfactory, as the simulated slide acquired much more mobility than in reality, with
runouts longer than observed. Thus, the effective strength of the material must have been
greater during flow. There are four rheological parameters entering into the model:
cohesion, internal friction angle, the parameter called λ (quantifying the importance of
the cohesive versus frictional behaviour), and viscosity. Modifying all the parameters to
find the best fit with data is a overwhelming task, which is not even particularly useful.
Instad, we tried to guess the importance of the various terms by modifying the parameters
one at a time. The results presented in the figure are selections of numerous simulations
obtained varying in turn the parameters. The general conclusions are as follows.
•

Viscosity does not affect the simulation too much, at least at the small values
(maximum 300 Pa s ) considered here. At higher viscosities the viscositydependent part in the equation of motion becomes more important.

•

Basic soil physics tells us that the internal friction angle may diminish during
flow owing to the onset of excess water pore pressure, whereas it cannot increase
substantially. Thus, except for a few runs, we kept always the same value for the
internal friction angle.

•

Cohesion was varied, and simulations show that its value must be elevated to up
to forty times the values measured in the laboratory. The laboratory measurements
of cohesion are performed by using an amount of water that saturates the sample.
Because this amount is arbitrary, we cannot expect that the same degree of
saturation occurred naturally during the flow of the landslide. We know that
cohesion may vary dramatically with water content, and for these reasons one
should expect that the cohesion measured in the lab and the effective value
affecting the landslide flow will not match.
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•

The balance between friction and cohesion ( λ = 1 for purely cohesive and λ = 0
for purely frictional material) seems to be of great importance. When the material
is poorly frictional ( λ close to unity) a very large cohesion is needed.

Thus, we are left to essentially two parameters: cohesion and λ .
Another source of uncertainty is represented by the floor profile on which the
landslide slid. In general, we cannot expect that the sliding profile coincides with the
valley profile after to the landslide. This is because the failed surface must have been
lower than the valley profile, buried by the material of the landslide itself. In analogy
with numerous landslides in soft materials, we can conjecture that the profile must
have had the form of a slump, namely, a surface with concavity facing upwards. For
this reason, we performed two series of simulations.
1) In the first series, the bed surface close to the headwall follows the same profile of
the valley after the landslide. In the distal region, the bed profile is the one of the
valley prior to the landslide (slope 1, Figure 7-5).
2) In the second set of simulations, we used an artificial bed profile in the form of a
slump for the bed close to the headwall. In the distal region, the profile prior to
the landslide is assumed (slope 2, Figure 7-6).

Close to the headwall, the best fit with the data was obtained with the artificial bed
profile in the form of a slump (slope 1), rather than with the real profile prior to
landsliding (slope 2). For example, runs 16 and 17 give rather good fit close to the
headwall. This result indicates that sliding occurred along a buried slump surface. In
the distal region, the bed profile assumed in the simulation is the same for all
simulations, and coincides with the valley profile prior to the slide. Concerning the
material properties, we find a reasonable fit when the granular component is not
predominant. A high granular content λ ≈ 0.5 or more gives very little material
between 400 and 800 m from the headwall, whereas the presence of more cohesion
versus granular results in a deposition closer to reality. The simulations which
reproduce best the data are 15 and 17. The peak velocities for the front of the
landslide in these two cases are both of the order 40 m/s, and are reached at a distance
600-700 m from the headwall, in correspondence of a region with high slope angle.
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Figure 7-5 Slope 1 Sumulation a model for the Fatalak landslide when the bed surface close to the
headwall follows the same profile of the valley after the landslide.
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Figure 7-6 Slope 2, We used an artificial bed profile in the form of a slump for the bed close to the
headwall. In the distal region, the profile prior to the landslide is assumed
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8

Conclusion and
Recommendation
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As a consequence of the major earthquake of Manjil-Rudbar Iran on 1990 with
magnitude of 7.7 in Richter scale and in addition to other outcomes such as 35000
fatality, many landslides (a comprehensive term for several types of hill slope failure)
happened in the area. Among the destructive and catastrophic landslides Rudbar and
Fatalak slope failures are well known.
The landslide in Rudbar is a classic debris slide-debris flow that happened in mostly
disturbed Jurassic shale and sandstones, covered by a thin layer of Post glacial
(Holocene) sediments. This long landslide with nearly 2.4 km length demolished
productive gardens of olive which make the most important income of the local people,
destroyed thousands of trees in the area. An estimated area of 80 hectares is not
producible any more. According to the witness interview and published reports the
landslide materials moved for about 10 days to progress from its main escarpment to toe
in particular segments of the landslide (Figure 8-1). Total volume of the removed
material is estimated about 10 million cubic meters.

Unlikely the Fatalak landslide with 2.5 million cubic meters volume and 40 hectare area
is classified as a very rapid landslide that occurred mostly in Quaternary alluviums
covered Cretaceous volcanic rocks. The mass buried many houses of four villages, killed
as many as 170 resident (Figure 8-2).
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8.1 The Rudbar landslide

The landslide occurred as a reactivation in a bigger landslide area. It has already been noted
that there appears to be at least three distinct modes of transport in the various phases of the
Rudbar landslide (Figure 8-1). There are also several reasons that that suggest that changes in
mode of transport have occurred with single phases of the Rudbar landslide.
As the figure shows the area is divided to s parts, each part is contributing as a single event in
the land slide. It is necessary to mention that the numbers pointing the position of
morphologic patterns and event are not same as predefined picture in section (5-2).
The landslide started to crack down at the moment of the earthquake. Witnesses report and
published literatures address to the highest escarpment in the landslide as the first stage. The
only report that addresses the landslide as a multi-stage landslide is Haeri and Gatmiri (1996).
They assumed four stages for the landslide based on slope stability analysis. Field
investigation, digital photogrammetry, geophysical and geotechnical data run during the
present work concluding that the morphology of the landslide contains of three stages.
1- The slide started to fail in its middle part as a consequence of reactivating an
existing fault (dashed red line in the Figure 8-1). The fault has been reported by
Nazari and Salamati in the geological map of Rudbar. The fault causes a small
slope failure at the northern side of the body (blue curve in the Figure 8-1).
2- Given strong shaking over a given minimum short time (horizontal ground
acceleration was about 0.6g at the nearest station at 40 seconds) severely affected
water table that could be at 10 meter depth. Increasing in pore pressure could
ending to liquefaction if the material where loose enough. Instead this change
terminates instability in the eastern neighboring slope. After a while the slope
started to fail and created the first escarpment (escarpment 1). By this breakage
materials started to flow downsream and depleted in the area (Depletion 1 in
Figure 8-1). They accumulated in the imminent slopes of the Rudbar city (Figure
5-25).

3- At the same time the same mechanism affected the second segment of the
landslide. Slope instability created by the fault activity and excess pore pressure in
segment one in the lower part concluding the same condition in the segment two.
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In addition to instability of the slope because of downhill destruction (escarpment
1), excess pore pressure resulting from the earthquake shaking developed same
mechanism in the second segment. The instability in this part followed by a set of
escarpments (escarpment 2) that are much larger than the escarpment 1. The
reason to have high escarpments in this point is geomorphologic. It is because the
escarpment 2 is located in a rim with steeper angle than the first one as well as
gully erosional features. As it is mentioned in the section 3-2 the Rudbar landslide
is located inside a bigger and old landslide. In fact the slide happened as a partly
reactivation of a previous landslide. The previous landslide does not have a distinct
triggering mechanism. It could be happened either during post glacial
transportation of crushed deposits or as a consequence of an earthquake (Figure
3-16). Regardless of triggering mechanism for the old landslide it took place along
two huge gullies (Figure 3-13). Some of the gullies in the intact part are potential
for further lands. Similar to the first stage the segment one has a depletion area
(depletion 2) and an accumulation area (sedimentation 2) in front of the created
pond (Figure 8-1).
4- The second stage took place at the same time of the first one and ended to
sedimentation 2. but because of overflowing materials a tribute escarpment
(escarpment 3) created after in the latest stages of the movement. This small part
has its own depletion area and sedimentation area (both captioned with number 3
in Figure 8-1). The flowing resulted to create sedimentation number 3 because it
drove to the lower elevation near the southern edge of the landslide.
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Figure 8-1 Different stages of the Rudbar landslide the red dashed line is anew fault inside the area and
the blue line is a small rupture created by the fault.

As the morphological and geological surveys done by the previous and the present studies
show
 The landslide area is stable in the time being. There is no report on the movement of
the toe, however small cracks are visible in the toe. Although there are some
instabilities in the edges of the landslide area shown in Haeri and Gatmiri (1996) that
are still in the area without remediation.
 The landslide classified as a reactivated slide that happened inside a bigger landslide.
The presence of snow melting and effect of gully erosional features in the intact part
of the present landslide, and possibly other earthquake activities may have been
caused slope failures in the area. As the area is rich of water and drainage pattern is
the same as before it is suggested to correct the effect of drainage patterns in order to
decrease their erosional consequence.
As the local people started to farming in the area, it is useful to manage a n irrigation system
with respect of slope stability to prevent further but local slides in the area.
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8.2 The Fatalak landslide
The Fatalak landslide happened in a soil with different strength parameters, soil
characteristics such as grain size and plasticity index compare with the Rudbar landslide.
Based on dynamic response analysis the slope failed at about 80 second after the earthquake
after the major earthquake.
Based on numerical simulation done by F. De Blasio the slide body had a very fast velocity
after the start point. The velocity was reached to 40m/sec.
Morphologically the slide contains of three phases:
The first stage is happened in the upper part of the slide but not in the highest escarpment.
Retrogressively the slide created some steps and escarpments that become bigger upslope.
Based on witnesses and GIS result the Fatalak village that devastated by the slide material
was located in front of an old but short escarpment. The village also had some water springs.
It shows the slide material in the area was exposed to flux of water from the higher elevation.
This flux could be one of the main causes for creating the slip surface.
The slide passed a transition area to convert its erosion pattern to accumulation. This zone is
about 200 meter long and its depth is a variation from 1 to 4 meters. Some of trees in the area
are still alive in this part that shows the slide materials had a thin passage.
After the slide body reached to the main drainage of the valley in the western part of the
slide body its velocity decreased and stopped in the river and some places in the opposite
flank. The eastern flow of material that filled the drainage moved down stream to the lower
point elevation in the valley. These materials covered the western accumulation in some
places and also bury some residents in the downslope. The eastern flow had a longer
passage because of topographical situation and stopped after some times. Figure 8-2 shows
the morphology of the Fatalak landslide after the event. Despite reports about existence of
two separate escarpments no sign of that found during the investigation. However some
differences in the terrain of the slide show that the slide contains of two debris flows in its
eastern and western part. The eastern part traveled a longer distance than the western part.
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Figure 8-2 Morphology of the Fatalak landslide, number 1 shows depleation area, 2 shows transmition
area, 3 shows accumulation area. Number 4 shows accumulation of eastern debris flow over the western
one.

 After the disastrous event the area is in its stable form. The toe of the slide is uplifted
by the accumulation of slide material. The southeastern drainage of the foothill seems
to be unstable that needs further studied.
 The similarity between geological and sedimentlogical setting of the Fatalak material
and its neighborhood suggests further field and laboratory investigation in order to
prevent further disasters in the area. Clay mineralogy of the similar landscapes is also
necessary in order to find behavior of the clay material in the movement of the slide
body.
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9.1

Witnesses interview

Recording of witnesses’ interview is a way to understand in what condition an event has
happened. Sometimes it is possible to back-calculate the event by getting help from their
expresses. However it is always true that these interviews have some errors, because local
people who are exposed to a disaster try to exaggerate their experiments from the event. For
example many people in the study area were talking about a huge roaring and light from
somewhere in south, near Lake of Sephid-Rud dam. They were trying to address that to an
extraordinary event. One interpretation to this incident is powerful shakes of earthquake in
hydro-electricity power plant of the dam could make short circuit in the power lines which
finally makes roaring and light at that silent time of night. This opinion is closer to reality
because a preliminary report on damages to lifelines in the area published shortly after the
event mentions that some of high voltage piles (Figure 9-1) in the Sephid-Rud power plant
had fallen (Eshghi 1991).

Figure 9-1 A fallen high voltage transaction pile near crown of Sefid-Rud dam that could be reason for
heavy light during the event from Eshghi (1991).

Perhaps the first witness who was concerned about landslides in Rudbar area was a
photographer from Australian Army during World War I, Ernest Brooks, who took a photo
and described that as a dangerous part of road in Rudbar area (Figure 9-2).
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Figure 9-2 This picture has published by the Australian Army with this summary:” Persia, July 1918, A
dangerous portion of the road near Rudbar”. As the picture shows a rock fall had been happened right
before photography. (with permission of www.awm.gov.au for school projects).

By considering fact of exaggeration, local people investigated to get information about
landslide happening. Here advantages of witness interview come for Rudbar and Fatalak
landslides respectively. In each part scientific observation made by experts who had
investigation in the area after the earthquake come as published documents.

Rudbar landslide

The biggest slide that has happened in the area after the earthquake is Rudbar landslide. This
landslide has about 2800m length and up to 400m width. Surface of the slide in the deepest
point is in 25m. Based on landslide terminology of Varnes (1978), the slide is dividable in
two parts. The first part which behaves like an earth slide happened just in time of event and
the rest and the most of the body that flew from the second or third day to 10 days after the
event classifies as earth flow. According to local witnesses and published reports a few
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escarpments were visible in the morning of the day after the event (Figure 9-3). This part has
a travel time about two days and contains a small part of the mass. An estimated travel time of
the second part is between two to ten days. Some local people like those in Figure 9-4told the
authors that the slide have had a fast movement even in its lower part.

Figure 9-3 A view of the uppermost part of the Rudbar landslide, main escarpment is shown by a red
arrow. The white building is a chicken-farm that constructed after the earthquake. According to an
eyewitness the destroyed building in the green arrow is a water storage that carried from a point near the
chicken farm, in the base of escarpment to its existing point (about 100m.). By considering this comment
the slide converted to earth flow from the chicken- farm.
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Figure 9-4 Two witnesses in Rudbar Landslide. According to their interview trees located in green arrow
were in red arrow before the event (distance is about 300 m.). They also expressed that their olive farms
were 20 meter below the existing surface in the green arrow.

This picture is taken from somewhere near the toe of the landslide.

The one to the left in above figure described his efforts to survive his family from the running
mass?. He was awake at that time and watching a direct football match during 1990 world
cup, suddenly he saw his house is tumbling. “Most of the survivors found their life because
they were watching TV” he says. Despite his speech that shows the mass had an immediate
movement, other witnesses reported a sudden break in the upper part of landslide and an
estimate time of movement between two to ten days for lower part of that including this point.
Published reports such as Pedrami et al. (1990), Hafezi (1992) and Haeri (1996) show ten
days travel for the mass in its earth flow part. Pedrami et al. supposed that the conversion of
slide to flow happened just 100 meter from the escarpment, this point in the Figure 9-3 could
be the white building. There is also a conflict between the published reports about speed of
the slide. Hafezi (1993) claims movement of the slide was very slow during two days after the
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earthquake, and on 22nd of june 1990 its velocity increased and at last stopped on August
the1st. Higher velocity during first three days of the event and lower velocity afterward is
confirmed by Liaghat (1993). Shoaie and Sassa (1993) tried to test samples taken from the
area in order to find how the Rudbar landslide has a lower velocity after three days of
movement.
The other phenomenon that happened is breakage of oil pipeline which placed just in escarp
of the landslide. It was a matter of dispute between local people and state. An unknown
amount of oil released from the breakages because there is no published report from the
Iranian Ministry of Oil to show how much oil have been released but witnesses had some
estimation about breakage quality and quantity. One believes releasing of 90000 litters of oil
in Rudbar and another expect underground flowing of oil in drainages downstream near the
landslide toe. Local people in this area consider a main rule for oil to mobilize the slide but to
judge if it is correct it is important to have an official report that shows the amount of oil. At
least literatures published just after the event did not confirm any of soil contamination;
however it is clear that there should be a kind of pollution. Some pictures adapted from
Pedrami et. al.(1990) that taken just two days after stopping the flow shown in figure . As it is
clear in those pictures there is no sign of oil which shows contamination in the locality of
breakage (Figure 9-5).

Figure 9-5 Two different view from broken pipeline in Rudbar escarpment. These pictures have taken 14
days after the event but no sign of contaminated soil by oil, from Pedrami et al. (1990)
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Fatalak Landslide

This landslide behaves completely different from the other. It happened immediately after
the earthquake, because Fatalak and three other small villages buried under the mass
body this landslide is the most catastrophic landslide induced by the Rudbar-Manjil
earthquake. Number of casualties is different from 70 to 300, although Shoaie and Sassa
(1993) claimed that 127 habitants were lost their life. The slide body has about 800m.
length and width respectively. The landslide has a main long escarpment but consists of
two levels that implicate the landslide has two parts. This inference comes from
occurrence of the escarp in different elevation (Figure 9-6). Field investigation and some
reports show a different shape for the slide body in these two parts. Shoaei and Sassa
(1993) assume a smaller headscarp with a steep slope for the western part and a bigger
headscarp with a gentler slope for the eastern part. Liaghat (1993) proposed three
possibilities for the dissimilarity: Different topographic occurrences of the escarpment,
different slip surfaces or different slides with a short postponement. Some of witnesses
try to address these different levels to explosion of an oil or gas? pipeline in this point.
However there is neither a scientific or official report nor a field investigation to verify
evidence of explosion. Escarps in both part of the slide body does not show any effect of
such a big explosion or fire trace, Pedrami et al. (1990) and Eshghi(1991) report damage
to oil pipeline in the area but no explosion or fire(Figure 9-7).
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Figure 9-6 Different levels in the main escarpment of The Fatalak landslide. Green arrow shows the
location of broken pipeline.

Iraj a grocer in Dolat-Abad (successor for Fatalak buried village) who seems nervous 15
years after he lost his wife and children was the other witness interviewed by the group.
Among his alliance, he and his father was the only survivors, while they were not in the
village. He described efforts of his father to dig the estimate places that their family was
resting; to drag their bodies out conversely to other villagers who put memorial for
victims (Figure 9-8).
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Figure 9-7 Accumulation of slide materials created a natural dam in the main drainage of Fatalak
valley . The blue arrow shows the estimated place of the destroyed natural dam.

Figure 9-8 A memorial to those who lost their life and nobody could find their body has made over a
probable site of a home.

According to witnesses and published reports a natural dam had been made in the
lowermost part of the landslide which a big amount of water gathered behind that. This
dam destroyed a few days after the event by rescuers (Figure 9-7).
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Summary

According to witnesses and published reports the landslide in Rudbar has been happened
in two phases. In the first phase the slope ruptured just after the main shock because local
people reported big escarpments in the starting point. The second is a rapid earth flow
that has been placed ten days after the event. However some of local people reported two
days of moving the mass. This last opinion is not acceptable because of the exact
information from reports which were based on field investigation and eyewitness
interview days after the earthquake. The other conflict is that in the opinion of landlords
of the olive farms in the landslide area a huge amount of oil released after the breakage
an oil pipeline in the area and contaminated cultivated area. This idea does not supported
by any official report.

For the Fatalak landside there is no difference between published reports and local
witnesses. The landslide sited during the major shock and applied very fast. It buried
most of the residents in four villages and killed more than 170. The body contains two
parts from east to west. Some reports believe that this separation is because of two
separate slides. But other reports do not agree with that. They say the slide became
separated because of different topographical levels of position of the main escarpment
.The only dispute between reports and local witnesses is that the authors don’t agree with
a big explosion during the event. But local people believe that a big explosion after
breakage a main oil pipeline is the reason for the second part. This last opinion did not
confirm by any report and field investigation. The slide body in its last point created a
natural dam and lake in the main drainage in Fatalak valley, but the dam destroyed after
some days.
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9.2 Meteorological data
Year

Highest temp.o C

Total precip. mm

Lowest temp. o C

Freezing days

1962

348

35.5

-1.5

3

1966

308.5

39

1.5

0

1967

231

37.5

-4.5

6

482.5

41.5

-4.5

15

1969

574.5

39

-3

30

1970

275

42

-1

4

1971

315

38

-3

24

1972

500

37

-7

57

1968

Table 1- Climatological data between 1962 and 1972, from Haeri (1996).
Year

Total

Highest

Lowest

Preci

o

o

Temp. C

Temp. C

p.

Highest

Lowest

Humidity

Humidity

%

%

Highest

Lowest

Evaporation

Evaporation

mm
1994

220,2

35,2 (5)

-4,2 (11)

100 (2)

77 (7)

528,4 (7)

46,1 (11)

1995

169

45 (7)

-3

100 (3)

79 (7)

466 (7)

30,6 (2)

1996

183,8

41,2 (9)

-4 (2)

98 (4)

6 (2)

360,3 (7)

18,7 (2)

1997

158,9

38 (9)

-3 (2)

99 (3)

7 (4)

415 (8)

29,6 (1)

1998

104

39,6 (9)

-1 (2)

100 (12)

5 (12)

452,1 (4)

49,6 (1)

1999

130,6

41,4 (9)

-2,2 (2)

100 (7)

3 (3)

454,8 (8)

47 (1)

2000

382

40,2 (8)

-4,4 (2)

100 (2)

7 (4)

464,6(8)

39,9 (12)

2001

220,4

39 (9)

-2,8 (1)

100 (11)

8 (8)

457.5 (8)

63,3 (12)

2002

222,8

38,8 ( 7)

-2,4 (1)

100 (12,2,3)

8 (4)

458,6 (7)

33,1 (12)

2003

269

41

-1,6

100(5,6,12)

4 (4)

417 (8)

60 (1)

(2)

Table 2- Annual climatological data between 1994 and 2003, numbers in blanket are the
number of month, from Meteorological Organization of Iran, Manjil.
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Max.

Min.

Lowest

Highest

Sunny

Perc.

Min.

Max.

Temp.

Temp.

Humidity

Humidity

(hr. per

mm

Evap.

Evap.

%

%

month.)

1994

33,2

12,3

12

96

312

1,3

408,2

475

1995

42,9

16,5

7

90

311

11

316,1

466,8

1996

35,8

16,7

10

90

312

4,8

261,9

360,3

1997

36,9

17,7

11

90

303

5

288,7

392,6

1998

37,9

18,8

16

90

443

6,1

406,7

452,1

1999

34,6

13,4

13

100

331

6,1

392.5

441,8

2000

35,4

15

9

84

346

0,5

386,6

440,6

2001

36

15

9

90

330

7

346,7

437,5

2002

37,9

15,7

12

92

354

1,5

316

458

2003

36,1

14,2

12

100

322

22

266,5

415,3

Table 3- Approximate monthly climatological data for June in the years between 1994 to
2003, from Meteorological Organization of Iran, Manjil.

9.3 Geometrical data for the landslides induced by the
earthquake of Manjil- Rudbar
Table 1 Geometrical and geographical information of the landslides induced by the ManjilRudbar earthquake of 1990, reproduced from Haeri and Gatmiri (1993). Abbreviation; DS:
debris slide, DF: debris flow EF: earth flow, ES: earth slide, RF: rock fall, RS: rock slide,
S: Slide, Al: Alluvium, L: limestone, S: sandstone, Sh: shale, V: Volcanic, C: Catastrophic.

H. Of
No. Length

1

2480

Width

350

S to

escarp Toe

45

D. to
Steepness Type

500 12 SW

DS-DF

D. to

slide

epice. ruptur. direc.

20 0

C
Lithology

239 Marl Shale

204

C

2

800 450- 850

30

270 20 W

DS

15

5

270 V-Al.

3

350

650

20

200 32 NE

DS

15

3,7

58 V. Al

4

300

160

3

70 16 NE

S

9

5,3

62 Al

5

200

200

1,3

80 18 NE

S-C

9

5,3

39 Al

6

145

70

5

25 5 NW

EF

9

6,1

335 Al

7

190

300

12

60 16 NE

S

9,5

6,3

8

400

420

5

S

7,7

3,7

180 V

C

9

170

120

3

95 28SE

S

7,7

3,7

134 V. Al

C

10

900

380

15

360 28SE

S

7,7

4,3

157 L-Sh

11

1120

370

10

270 14SE

S

9,5

3,7

120 V-Al.

12

260

350

7

140 29NE

S

8,3

3

0 V-Al.

13

500

500

30

250 34SW

S

10,2

6,5

14

450

550

10

230 28NE

S

4,5

2,9

15

80

25

4

21NE

EF

2,6

0

55 V-Al.

16

1000

100

1,2

19E

Creep

2,6

0

90 V-Al.

17

420

340

15

170 23S

S

3,5

3,6

180 V-Al.

18

150

100

5

90 34E

S

3,5

3,6

90 V-Al.

19

550

300

140 13SE

S

17,2

0

162 V-Al.

20

240

50

80 17SE

S

19,2

0

132 V-Al.

21

180

180

140 22SE

RF

24,3

5,8

135 V

22

115

97

50 17N

RF

24,3

7

0 V

23

350

200

5

17NW

ES-RF

41,4

2,5

310 Metamorph.

24

500

200

4

22nW

ES-RF

41,4

2,5

310 Metamorph.

25

200

100

5

24NW

ES-RF

40,6

0

330 Metamorph.

26

1500

1000

40

26NW

ES-RF

40

0

330 V

27

125

110

3

25NW

S

14,8

16

338 Al

28

100

90

26NW

S

14,8

16

338 Al

29

90

120

18N

S

14,8

16

0 Al

30

130

220

20NE

S

14,8

16

20 Al

31

340

160

8

130 19SW

RF

6,75

6,1

213 V

32

220

90

5

70 20SW

RF

6,75

6,1

212 V

33

270

230

9

120 22SW

RF

6,75

6,1

187 V

34

200

140

4

70 22SW

S

6,75

6,1

192 V

35

80

80

4

30 18SW

RF

8

4,8

205 V

36

100

200

319 Marl Shale

37

600

400

38

140

170

39

750

550

40

250

130

185 30 S

C

C

24 Al, S

C

223 Metamorph. C
14 V

C

20NW

S

10,2

9,1

22S

RF

16,2

10,1

180 L

30SW

S

22

15

148 V

15

240 18SW

S

29,2

5,6

180 Sh.-Coal

2,5

16SE

S

32,3

3,1

140 Marl

20

205

C

41

530

240

250 36SW

RF

31,8

4,5

317 V

42

220

220

15SW

RF

38,1

4,5

204 Marl-Shale

43

220

240

50 15SW

RF

38,6

3,5

203 V

44

200

100

7

11SE

S-Creep

41,5

7,7

140 Marl

45

70

70

3

18SE

S

41,7

8

150 Marl

46

200

150

2,7

22SW

RF

39,2

6,6

250 L-Sh

47

2000

1000

3

S-Creep

51,8

22

70 V

48

280

100

100 23W

S

34,2

6,3

270 V

49

280

130

100 27NW

S

34,3

6,3

337 V

50

100

80

7

25S

S

29,6

8,5

180 V-Al.

51

350

550

25

19SW

S

30,4

10,5

52

1300

400

30

350 17NW

S

29,4

2,7

313 V-Al.

53

1500

500

3

S-Creep

29,4

3,7

334 V-Al.

54

500

550

S

28,2

5,7

320 V-Al.

55

240

120

8

140 30NW

RS

26,2

3,6

347 V

56

300

110

15

200 33NW

RS

26,3

3,6

335 V

57

1000

400

30

350 19E

RS

25,5

1,8

90 Sh.-Coal

58

800

550

20

270 18SE

S

25,5

2,5

105 Sh.-Coal

59

600

420

280 27NW

S

24,7

4,4

319 V-Al.

60

420

250

200 20NW

S

25,8

11

327 V-Al.

61

50

40

22NE

S

24,9

5,2

25 V-Al.

62

700

100

29S

Mudflow

24,4

5,8

180 V-Al.

63

400

150

27

220 31NE

23

4,8

32 V-Al.

64

450

420

6

30SW

RS

16,8

4,7

227 V

65

200

700

4

23W

S

16,8

4,3

270 V-Al.

66

185

190

29NW

S

19

0

335 L

67

200

90

32NW

RS

18,1

0

312 L

68

250

150

26SE

RS

15,4

0

110 L

69

160

100

90 27SW

S

19,6

0

230 Sh.-Coal-L

70

160

85

3

16 8NW

S

13,2

13,8

71

700

400

30

150 22SW

S

12,4

3,7

218 V

72

350

270

15

135 20NW

S

12,3

8,6

301 Al

73

370

650

7

110 18E

S

11,6

8

90 Al

74

200

400

13

100 30NE

S

14

9,1

42 Al

75

400

500

8

80 14NE

S

12,5

10

50 Al. Silt

76

70

100

2

18 13NE

S

12,5

10,6

18 Al. Silt

2,5

75 13NW

7

S

203 V

C

C

43 AL
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9.4 Summary of various geophysical methods in landslide
study
Seismic Methods
Seismic methods are based on the measuring of an elastic wave (also: seismic,
shockwave, or acoustic wave) travelling through the sub-surface. The wave is reflected or
refracted on boundaries characterized by different densities and/or deformation
properties. Seismic methods can nearly always be used to determine the internal structure
of materials in a slope. Sometimes logistics and practical problems as how and where
geophones and sources can be placed, may make the method impractical (Hack 2000).
Measurement of mechanical properties of soil and rock masses is to a certain extent
possible with seismic methods.
For many slope stability problems it is important to investigate the structure with a high
resolution. This means that high frequencies should be available in the seismic signal.
If P and S waves are measured, a so-called ‘seismic E modulus’ and ‘seismic Poisson’s
ratio’ can be determined (Hack 2000). Because the deformation behaviour of most soil
and rock masses depends on frequency in seismic waves these properties are not the same
as the Young’s modulus and Poisson’s ratio obtained from static or dynamic laboratory
or field tests.
Very little work has done in slope stability studies on relating material properties to
attenuation of seismic signals (Hack 2000) but applicable methods are not yet established
but are expected in the near future.

Electromagnetic methods
Electromagnetic methods have been used in slope stability investigations for a long time.
Penetration of an electromagnetic field in the sub-surface depends on the electric
conductivity and dielectric constant of the materials in the sub-surface and on the
frequency of the transmission field. The higher the conductivity or frequency the less
penetration is obtained.
This method contains of following methods (Hack 2000):
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1-Geo-or ground radar survey:
A transmission antenna transmits an electromagnetic pulse of high frequency. Conductive
materials in the sub-surface reflect the pulse signal and the reflected pulse is received by
a receiving antenna, similar to ship or airplane radar.
Geo- or ground radar works with electromagnetic waves with frequencies between 10 and
1200 MHz, which gives resolutions in the order of 0.1–3 m. Higher frequencies result in
more detail and in a higher resolution. The absorption of the energy of the waves is
higher for higher frequencies and hence less penetration is obtained. High conductivity of
the sub-surface materials strongly reduces the penetration. In conductive materials, for
example, salt water, the penetration is reduced to centimeters and a penetration of not
more than a few meters is obtained in clay or peat. Penetration is normally limited to
about 40–60 m in most materials, in optimum circumstances a penetration of more than
300 m may be obtained, for example in dry unweathered granite.

2-Low frequency electromagnetic surveys:
The low-frequency electromagnetic methods are based on the transmission of an
electromagnetic field from a ‘transmission coil’. The normally used frequencies are in the
range from 800 Hz to 10 kHz. This transmission field (the primary field) will cause a
secondary induced field in the materials in the sub-surface. A ‘receiver coil’ receives the
primary electromagnetic field together with the secondary field.

Geo-Electrical or Resistivity Methods
Geo-electrical or resistivity measurements are based on the difference in resistivity
between different sub-surface materials. The measuring equipment consists of two
current electrodes and two measuring electrodes, a DC current source, and a measuring
device. The two current electrodes are inserted in the ground and between the electrodes,
a DC potential is maintained that causes a DC current to flow through the ground. The
two measuring (= potential) electrodes measure the potential at locations at the surface.

Electrical arrays
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Various electrode arrays are available in this method. The difference between these
arrays is in the arrangement of the current and potential electrodes. The following list
indicate the various models of arrays:
Wenner Array
Dipole-Dipole Array
Wenner-Schlumberger Array
Pole-Pole Array
Pole-Dipole Array
The present study uses Wenner- Schlumberger array that the position of potential
electrodes is unchanged and current arrays will expand to the different sides (Figure 9-9).
The potential measured between the two potential electrodes is given by Equation below.

where ρ is the apparent resistivity, I , the current, G, the geometric factor, AM, BM, AN,

BN are the distances between electrodes.
Wenner-Schlumberger Array
This array is moderately sensitive to both horizontal and vertical structures. The median
depth of investigation for this array is larger than that for the Wenner array for the same
distance between the outer electrodes. The signal strength for this array is smaller than
that for the Wenner array, but it is higher than for the dipole-dipole array.
.

The potential electrodes are normally a copper wire in a CuSO4 solution in a porous pot.
The porous pot is in contact with the ground.
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Figure 9-9 Various arrays for current and potential electrodes

Self-potential (SP)
Self-potential (SP) surveys are based on certain electrochemical or mechanical processes
in the sub-surface that create spontaneous electrical potentials (Bogoslovsky and Ogilvy,
1977; Bruno et al., 1998; Telford et al., 1990). Groundwater is always the controlling
factor in these processes. The spontaneous potentials are related to, for example,
weathering of sulphites, variation in rock properties, geologic contacts, corrosion, etc.
The measuring equipment is simple. Two electrodes in contact with the ground and a
potential meter connected to both electrodes. The electrodes consist of a copper wire in a
CuSO4 solution in a porous pot.
Interpretation of SP survey data in geotechnical work is normally only qualitative.
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The distribution of SP data may be related to a weathering or soil profile, to changes in
weathering profiles, or to the extent of certain geological boundaries.
Quantitative interpretation is very difficult as the SP potentials for most sub-surface
materials important for geotechnical work are unknown.

Micro-Gravity
Gravimetry surveys investigate the difference in densities between different subsurface
materials. In geotechnical work, the name micro-gravity is used to indicate that the
differences measured are very small. The gravity measured at the surface of the earth is
compared with a theoretical value (normal gravity) corresponding to an earth model.
The gravity measurements are influenced by a whole series of factors, such as, tidal
effect, elevation, topographic relief, and instrument drift, that need to be compensated for
with proper corrections. In micro-gravity surveys for geotechnical work, most of the
influences may be less critical as only relative measurements are made on short distance.
Interpretation is carried out by comparing the observed anomaly with a numerical model
of the bodies that cause them. Micro-gravity surveys have been used with success to
establish karst holes and differences in groundwater levels. The applications to slope
stability studies are rare and require an accurate topographic map to correct the effect of
irregular topographic relief on the gravity measurements. Potentially, gravimetry can give
‘in-situ’ estimate of the density of slope material using methods that correlate elevation
with gravity differences (Nettleton, 1939; Parasnis, 1962).
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