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Characteristic of Mass Movement in Riam Kanan
Watershed, Indonesia

ABSTRACT

Mass movement occurred in upstream in Riam Kanan Watershed due
to this area is part of Meratus Mountain. The objective of study is to analyse
the vulnerability class of mass movement in the upstream of Riam Kanan
Watershed and to analyse the characteristics of the mass movement in the
upstream of Riam Kanan Watershed based aspects of morphology and
morphogenesis. This study used the survey method, to determine the
vulnerability class mass movement using slope maps and vegetation density
map. Aspects of morphology and morphogenesis are used to determine the
characteristics of mass movement. Aspects of morphology are slope of hill.
Aspects of morphogenesis includes soil depth and rock weathering. The research
area is dominated by medium and high vulnerability classes i.e. 54,804.47 Ha
and 36,546.04 Ha. The mass movement type in the landform of weak eroded
of denudation hills, metamorphic rock material (D1) is rotational landslides and
rock fall. Rotational landslide has the characteristic of slope > 250, the soil
thickness ranges from 1-2 m and occurring of rock weathering. Rock fall has
the characteristic of slope > 450, about 30 cm of soil thickness, low vegetation
density, further weathering.
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Watershed, Indonesia
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INTRODUCTION

Soil movements occurs frequently around the world, specifically in
Indonesia [1]. Some area in Indonesia such as in Central Java and
Yogyakarta Special Region, there are several zones, which potential of mass
movement disaster [2]. Landslides in Indonesia in the period 2018-2019
was 3,998 incidents, with 10,239,533 people suffering and displaced based
on DIBI Data, National Disaster Management Agency of Indonesia. Mass
movement events will increase during the rainy season.

South Kalimantan Province is vulnerability area of mass movements.
The landslide incident in South Kalimantan in the period 2018-2019 was
128 incidents, with 19,396 people suffering and displaced. The South
Kalimantan region is among the highest in the occurrence of landslides com-
pared to other Provinces in the Kalimantan region based on DIBI Data,
National Disaster Management Agency of Indonesia.

Mass movement prevalent in the northern part of the watershed
area of Riam Kanan having a mountainous topography. In year 2017 has
been a landslide in the village of Tiwingan Lama, which is the upstream part
of the Riam Kanan Watershed [3]. The landslide-prone areas in Tiwingan
Lama in the upstream part of the Riam Kanan watershed consist high, me-
dium and low class of vulnerability [4].

1. Type of Mass Movement
The mass movement is the movement of soil or rock material mak-

ing up the slope caused by factors force of gravity on the slope which has a
sliding plane [5]. The mass movement is an important process in the evolu-
tion of the landscape in the mountainous region [6]. Mass movement can be
divided into various types, falls, slides, spreads, and flows [7–9].

Falls are forming material falling slope movement in the air, with no
interaction between the parts of the landslide material [7]. Falls began with
the release of soil or rock, or both, from along the steep slopes with little or
no shear displacement occurs. Movement of materials consists of falling,
bounce or spin [9]. Some types of falls are rockfall and topple. Rockfall is
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a downward movement suddenly from rock or soil or both were released
from steep slopes or cliffs. The speed of the movement depends on the
slope [9]. Topple is the movement of debris material that occurs in a very
steep rock slope to erect fields that have relatively vertical discontinuities
[7]. Topple sometimes controlled by gravity, can also be caused by water
or ice in the cracks. Cutting bedrock can accelerate the occurrence of de-
bris [9, 10].

Slides are a downslope movement of soil or rock mass that occurs
on the surface of the broken or thin zone of strong shearing strain [9]. Ava-
lanches are a mass displacement of soil or debris that were weathered in all
areas of the landslide. The landslide occurred the sloping terrain, topogra-
phy makes an important component to the occurrence of landslides. These
factors also control whether the landslides triggered including local soil con-
ditions and rock substrate. Below the ground level occurs complicated com-
binations such as geology, topography, hydrology, historical, climatological,
and biological factors, as well as interacting random noise that affects the
landslides occurred. Landslide is often unpredictable. The land that was
originally the stable may become unstable due to the influence of human or
non-human [11].

Based on the geometry of the field slip, landslides can be divided
into two types i.e. rotational landslides and translational landslides [7, 9].
Rotational landslides occur on the surface with a curved field upwards
(spoon shape). The landslide occurred on land with a homogeneous mate-
rial and has a slow speed (0.3 m or 1 ft. every 5 years) to medium speed
(1.5 m or 5 ft. per month) up to high speed. Translational landslide is a
downward movement in or out, along a relatively planar surface with a
slight rotational displacement [9].

Spread can be caused by liquefaction or the flow of a softer mate-
rial. Type of spreads is a block spread, spreads liquefaction and lateral
spreads. Lateral spreads always occur on a gentle slope or flat, where the
top layer of rock or soil that is stronger suffered extensive additions and
moves over a layer of softer, weaker underlying. Failures are accompanied
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by some general subsidence. Elongated and broken solid ground, move away
slowly from the ground is stable and moves over the weaker layers without
having to form a rupture surface that can be recognized. Unit softer, weaker
can, under certain conditions, forced upward into the fractures that divide the
layers lengthwise into blocks. On earth spreads, the top layer of stable length-
wise along with a weaker base unit, liquefaction streamflow or plastic defor-
mation. Spreads have occurred on the ground to thaw. Liquefaction is gener-
ally not restricted only occur in areas of seismic activity [9].

The flow is the movement of crushed material down the slope and
flows like a viscous liquid. Flow often occurs in a relatively narrow shear
field. Material carried by the flow can consist of a wide variety of soil par-
ticles (including large stones), wood, and twigs [7]. Mudflow occurred in
areas with a slope of 50-150. Mudflow occurs in clay cracks or dense clay,
which is between the layers of fine sand. Debris flows are a form of mass
movement at high speed. Material debris flow is a flow that occurs in coarse-
grained material. Debris flows can occur in a region with deep gullies or can-
yon, where a state of deep gullies and the canyon is devoid of vegetation [7,
9]. Debris avalanches occur in a relatively large area, very fast, which occurs
when the collapse of unstable slopes. Avalanches debris speed is 100 m/s.
Earth flows can occur on gentle to moderate slope, fine-grained soil, clay, or
silt, in conditions of very weathered, clay-bearing bedrock. The flow velocity
can be slow to very fast. Creep is the slow earthflow. Creep occurs because
sufficient internal shear stresses the flow velocity can be slow to very fast.
Creep is the slow earthflow. Creep occurs because sufficient internal shear
stresses the flow velocity can be slow to very fast. Creep is the slow earthflow.
Creep occurs because enough internal shear stress to cause deformation, but
not enough to cause failure [9].

2. The Trigger Factor of Mass Movement

The mass movement that occurs in a region affected by the charac-
teristics of the local physical environment and land use [12]. Many factors
that cause mass movements or often referred to as landslides, among other
conditions of geology, hydrology, topography, climate, soil, and weather



5
Characteristic of Mass Movement in Riam Kanan
Watershed, Indonesia

changes that lead to the occurrence of landslides [12]. Land sliding is either a
characteristic procedure or it happens because of human exercises which
irritate the slant solidness. These marvels vary as indicated by their shape,
size of the dislodged mass, moving components, speed, and different qualities
[8]. Mass movement is highly dependent on the geological structure and mor-
phological characteristics. Lithology and morpho structural characteristics
determine the type of mass movement. Activities of anthropogenic origin trig-
gered slope instability. Various anthropogenic activities that trigger a mass
movement are deforestation and burning trash, logging on the slopes for building
infrastructure and housing, water leakage, the vibration of the vehicle, the
engine spins the use of explosives in mining jobs, and creating terracing [13].

The mass movement can occur due to factors that are internal pas-
sive and external factors that are active. Internal factors are factors that al-
ready exist on the landform. These factors are morphometry, morphography,
and passive morpho structural and active morpho structural landforms. Mor-
phometry is the slope and shape of the slope, morphography is class relief,
passive morpho structural is soil and geology, and the active morpho struc-
tural is joint of rock. External factors are external factors that worked on the
landforms. External factors consist of morpho dynamic. The morpho dynamic
factor is the seepage of water, land use, and land management. Passive fac-
tors are already existing factors on the landform, and active factor is trigerring
factor [14].

Triggering factors of mass movement consists of human and nature
factors. Slope gradient and overpressure (morphometric), worldwide envi-
ronmental changes, rain fall, and tectonic events are nature   triggered    factor
to    mass    movement    [15,    16].    Strong    earthquakes    are several the
top triggering factors of landslides, which may additionally block rivers, form-
ing landslide dams [17]. Slope movement-related elements together with slope
gradient, slope aspect, topographical elevations, lithology, faulting, drainage
system, road network, land use, precipitations, and seismic disturbances were
taken into consideration as independent variables [18].
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The mass movement caused more damage, either directly or indi-
rectly. Damage caused by direct mass movement is the destruction of public
facilities, agricultural land, and human victims. Loss or reduction in the surface
layer of soil (topsoil) that infertility is the negative impact of the mass move-
ment in the long term [19]. Damage indirectly caused by the mass movement
is paralyzing the activities of development and economic activity in the af-
fected areas and surrounding areas. When compared with other natural di-
sasters, mass movements have the highest frequency and geographically, the
distribution of the mass movement is widespread.

Based on the background, the purpose of this study is to analyze the
vulnerability class mass movement of soil and rocks, and to analyze the char-
acteristics of the mass movement in the upstream watershed Riam Kanan
based aspects of morphology and morphogenesis.

RESEARCH METHODS

1. Landform Mapping

Landform map is based on the results of the interpretation of Landsat
8. Classification of landforms- based morphology, genesis, and lithology. Based
on these aspects’ landform landforms are grouped into the main unit. Giving
the letter symbols for the major landforms and its details by using numbers.
The interpretation of Landsat 8 coupled with lithology information from the
Geological Map. Validation results of the interpretation done by field check
based on the processes occurring in the landform in the field and the constitu-
ent material.

2. Slopes Mapping

Map slope created from the data of the National Digital Elevation
Model with a spatial accuracy of 5 meters is cut within the limits of the study
area in upstream of Riam Kanan Watershed by using ArcGIS 10.3 extract
extensions by the mask. Results of Digital Elevation Model (DEM) is classi-
fied based on the slope (Table 1). Each classification is given a score of 1-5
to give the weight of vulnerability to landslides. As the basis of the analysis
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geomorphometry, DEM can be used for analysis geomorphometry field. DEM
can be used to understand the surface process [20, 21]. The morphometric
evaluation was achieved by using Geographic information system (GIS),
through a DEM data to get the geomorphic attributes [22].

Table 1. Classification of Slopes

3. Density Vegetation Mapping

Map of vegetation density obtained from the extraction image Senti-
nel 2A by the transformed spectral Normalized Difference Vegetation Indices
(NDVI), prior to the transformation of spectral advance correction of radio-
metric and atmospheric with the aim of reducing atmospheric disturbances,
correction radiometric and atmospheric done instantly using pre-processing
of data QGIS 3.6 , NDVI spectral transformation results further classified
based on the density of vegetation and non-vegetation, each classification is
given a score of 1-5 with the aim of giving the weight of vulnerability to land-
slides.

4. Vulnerability Mapping of Mass Movement

Map of mass movement vulnerability created a mass movement of
weighted overlay analysis results between maps of the slope with vegetation
density, in which each variable mass movement is given a weighting based on
the level of vulnerability. The level of vulnerability is made with 5 classes of
vulnerability from the most basic, which are very not susceptible to class 1 to
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very vulnerable to class 5. Slope vulnerability classes are seen based on the
theory that the more sloping slopes are in the field the higher the class of
vulnerability. Whereas for the class of vegetation density vulnerability seen
from the level of vegetation density that the lower the density level, the higher
the class of vulnerability. Overlays are run by giving a weight of 50% each for
each parameter in the overlay process. The overlay results will then produce
spatial information with classes of vulnerabilities 1-5 according to the number
of classes from the input parameters.

5. Data Collection

The data collected in the field is based on the aspect of landforms
characteristic, i.e. morphology and morphogenesis on each vulnerability class
mass movement of soil and rock. Morphological data includes data slope.
Data morphogenesis includes soil depth, rock weathering. Stages in identify-
ing the mass movement in each of the landforms are 1.) To identify the types
of movements (landslide, rock fall, debris, spread, or flow); 2.) The material
identifying the dominant experience of the mass movement. Material that is
experiencing a mass movement can be divided into three kinds of bedrock,
the dominant crude and refined.

6. Data Analysis

Data analysis was performed by analysing the characteristics of the
mass movement covering types and the identifier of the mass movement based
geomorphological aspects are aspects of morphology and morphogenesis.
The type of mass movement is analysed based on the classification of a mass
movement from [9]. Determining the type and identifier of a mass movement
based on the results of measurements and observations in the field.

RESULTS AND DISCUSSION

1. Characteristics of landforms

Characteristics and genesis of landforms will determine the type of any
mass movement that occurs, Landform is the basis of the characteristics of the
mass movement [14]. Landform in research location consists of the weak eroded
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of denudation hills, metamorphic rock material (D1), the strong eroded of denu-
dation hills, conglomerate rock material (D2), the moderate eroded of denuda-
tion hills, conglomerate rock material (D3), the moderate eroded of denudation
hills, gabbro rock material (D4), the weak eroded of denudation hills, conglom-
erate rock material (D5), and the moderate eroded of denudation hills, meta-
morphic rock material (D6), weak eroded of denudation hills, ultramafic rock
material (D7), colluvial plain, conglomerate rock material (D8), colluvial plain,
breccia volcano rock material (D9), colluvial plain, metamorphic rock material
(D10), and floodplain, conglomerate rock material (F1).

Figure 1. Map of landforms in the upstream of Riam Kanan Watershed

2. Slope

The slope is made using the Data National Digital Elevation Model
(DEMNAS). DEMNAS provides Digital Surface Model (DSM) data to get
the latest DSM data. The research area is dominated by sloping-rather steep.
The research area is part of the Meratus Mountain, hence dominated by slop-
ing- rather steep slopes. Flat slope is dominated by the floodplain, conglomer-
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ate rock material (F1) and the colluvial plain, breccia volcano rock material
(D9). Denudation hill landforms are dominated by steep- very steep. This con-
dition causes the study area are vulnerable to mass movements of soil and rock.

3. Vegetation cover

Vegetation cover is dominated by high density vegetation and open
fields. High vegetation density was found on the lower slopes and foot slopes
of the hills. Shrubs and open field located on the upper slopes and hilltops.
Some locations on hilltop are no vegetation.

Many of the absence of vegetation that existed at a place affected by
the thickness of the soil. On the lower slopes and the foot slopes, the soil is
thicker than the hilltops or on the upper slopes of the hills, because sedimenta-
tion occurs on the lower slopes or the foot slopes of the hills. The upper slopes
or hilltops has the thin soil due to the erosion process. The condition causes the
only shrub that can grow on the upper slopes or hilltops.

4. Vulnerability Levels of Mass Movement

Mass movement vulnerability map was created based on a slope map
and vegetation density map. The extent of vulnerability class mass movement in
the upstream of Riam Kanan watershed is presented in Table 2.

Table 2. Vulnerability Level of Mass Movement

The research area is dominated by medium and high vulnerability
classes i.e. 54,804.47 Ha and 36,546.04 Ha. Slopes are dominated by a
steep slope-very steep with vegetation covers such as shrubs and open field.
Such conditions led to the research area becomes prone to occur mass move-
ment of soil and rock.
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Figure 2. Vulnerability Map of Mass Movement on the Upstream Watershed
of Riam Kanan

The weak eroded of denudation hills, material metamorphic rock (D1)
has a vulnerability mass movement classes include high-very high. This area
has the characteristics of a slope between > 25o for the location of the re-
search included in the mountainous region and the mountains Meratus and
Bobaris. The mass movement type rotational avalanches occur on slopes >
25°[23]. The rotational landslide is contained escarpment. The escarpment is
part of the steep wall result of ground movement down the slope and crown
landslides are areas that do not move. Landslides also occur on a slope with
a thick weathered material. This landform has hilly morphology and thickness
of soil depth (1-2 m). Material in this mass movement is dominated by fine
material. Soil thickness can increase the potential for landslide [14]. The ma-
terial of rock has been weathered condition, hence this condition vunerable
for mass movement.
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Human activity such as cutting slope for the road turns to trigger the
landslide type. The slopes were cut for road construction causing the slope to
become unstable and trigger a rotational landslide. Vegetation covers on ro-
tational landslides are vegetation density medium. Vegetation should be able
to withstand the slopes to avoid landslides. The slope cutting their lead to
vegetation not able to hold ground, causing landslides. Humans play critical
roles in those geomorphological processes [24]. Socioeconomic improve-
ment has introduced about the increase of real values and the impact of un-
sustainable land use has regularly caused better susceptibilities [25].

Figure 3. Cutting Slope as Triggering Factor for Rotational Landslide

In D1 landform is also found mass movement type of rock fall. Char-
acteristic of slope is > 45 °. The mass movement of this type is also found in
D3 and D4, with the level of mass movement vulnerability are high-very high.
[26] describes the rock fall occurred in the slope more than 40°. Landform
morphological aspects have a concave shape slope, hilly morphology with a
soil depth between 0-30 cm, because landform region has a thick layering of
rocks and there are many rock outcrops above the mineral soil, cracks in
rock, and occurred of weathering rock. Human activity is the triggering factor
of rock fall. Rock mining occurs in the upstream of Riam Kanan watershed.
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This causes the solid rock to be broken and susceptible to weathering. Open-
pit mining also causes slope instability triggering a mass movement [11]. Min-
ing activities may bring about rock mass deterioration and instability that may
cause failure both in underground and open pit mine [27]. Failure of rock
around the opening happens because of both excessive rock stress condi-
tions and the presence of structural discontinuities [28].

Figure 4. Open Mining as Triggering Factor for Rock Fall

CONCLUSIONS

Landforms in the study area can be divided into 11 landforms dominated
by landforms origin of denudation process. The type of mass movement in D1
landform is rotational landslides and rock fall. Rotational landslide has the charac-
teristic slope > 25o, the soil thickness ranges from 1-2 m and occurred of rock
weathering. Rock fall has the characteristic slope > 45o, the thin of soil depth of
about 30 cm, the density of low vegetation dominated by shrubs and open field,
and further weathering. Human activity such as road construction and rock mining
are triggered factor of mass movement vulnerability. This research recommended
to decrease the triggering factor such as rock mining to reduce the effect of mass
movement in research area. This research can be the basis for further research on
the impact of human activities on mass movement because human activities have
a major influence on mass movement events at the research location.
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