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 Background: Sediments are the key to ancient and historical environments by which 
layers the environmental changes over time can be observed. Lapindo mud sediment is 
accumulated from the mud volcano explosion. Therefore, the physical properties 
provide information of the historical environment of the mud volcano. Objective: The 
aim of this work is to define the type of physical properties of the sediments from mud 
volcanoes in Lapindo mud Sidoarjo. Methodology: The laboratory experiment was 
done to obtain the result of physical characteristics by taking sample from six locations 
in Lapindo mud area including the nearby river. The analysis was conducted from 
March to June 2015. True laboratory analysis was used to obtain the result of categories 
of physical properties of the sediment samples. Results: According to the sample 
analysis result, the sediments of Lapindo mud are classified in 5 classes, silty clay, 
mud, clayey mud, muddy silty clay, and silty mud. Moreover, as the average of the 
water hold capacity of the sediment is ≤ 50%, there is possibility to grow some root 
plants on the area. However, for the location E and F the water hold capacity is high, 
thus making the area waterlogged. On the other hand, although nutritionally poor, 
sandy soil is well-suited for some kinds of plants. In turn, the heaviness of clay soils 
makes it less than ideal for some plants, despite clay's high nutrition content. 
Conclusion: As the majority of the samples show high silt content, the area has a 
possibility to develop into plant habitat. Thus, the mud should be used for environment 
conservation by planting root or water plants. 
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INTRODUCTION 

 
Lapindo Mud sediment has been mounting since 

26 May 2006 when the first gasand mud volcano 
spewed from well in Sidoarjo, East Java. Since the 
beginning of event, it was predicted that the flowing 
rate of the mud is ranging from 100,000 to 180,000 
m3 per day (Plumlee et al., 2008; Jalil et al., 2010; 
Manzzini et al., 2012). This has caused the 
sedimentation become thicker. As the mud vastly 
affected Sidoarja area which has buried houses, 
villages, schools, factories, and displaced thousands 
of people and continues to pose geohazard risks in a 
densely populated area with many activities and 
infrastructures (Istiadi et al., 2009). The contaminant 
and the physical texture of the current sediment are 
varied from one location to the other. Some geologist 
convinced that it was natural disaster which was 
trigger by earthquake that was occurred day before 
the eruption of the mud volcano. 

The presence of mud volcanoes is associated 
with the presence of high seafloor methane fluxes as 

well as with the accompanying cold vents, seeps 
(Charlou et al., 2003), carbonate crusts (Aloïsi et al., 
2002) and gas hydrates under certain conditions. 
These volcanoes are ceous material, and occur both 
on land and on the sea floor (Milkov, 2000). 

Therefore, Manzzini et al. (2012) believed that 
monitoring water, land and air quality under permit 
able condition is urgently necessary. Indonesia 
Government which is represented by BPLS (Sidoarjo 
Mud Management Board) decided that the only way 
to discharge the mud volcano is through Porong 
River. Thus, more recently the sediment in Porong 
River will accumulate. 

Sediments are known to be the key to ancient 
and historical environments. A sequence of 
sedimentary layers can tell us about environmental 
changes over time (Hallberg, 1992). The recent 
sedimentary record can reveal cultural impacts on the 
environments during the industrial era. During 
formation and diagenesis, the sediments also take an 
active part in the biogeochemical cycles of the 
elements which affect the overlying water column. 
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From the sediment, the physical characteristics of the 
mud can be identified.  

Several studies have been conducted to examine 
the relationship between physical and textural 
parameters of sediments (Kim et al., 2001; Casas et 
al., 2004). The physical properties of sediment 
depend to a large extent on lithology, grain size and 
the proportion of the different components of the 
sediment (e.g. clay, quartz, biogenic carbonate and 
silica) (Nobes et al., 1991). The wet-bulk density, for 
example, is related to porosity and grain density, and 
is partially controlled by grain size. The acoustic 
velocity is controlled by porosity and carbonate and 
clay content (Hamilton et al., 1982). Physical 
properties are also influenced by diagenetic effects, 
especially by the decrease in porosity with increasing 
compaction, but also by cementation and carbonate 
dissolution (Nobes et al., 1992). 

Evaluations of physical properties on the 
sediment samples consisted of particle size 
distribution analyses (mean grain size, sand silt, and 
sand content) and determinations for percent 
moisture (water holding capacity) and percent 
volatile solids or the texture of sediments. This 
research project makes a detailed analysis of the 
relationships between the physical properties and the 
sedimentological characteristics of the sediments 
from mud volcanoes in Lapindo mud Sidoarjo. The 
aim of this work is to define the type of physical 
properties associated with mud volcanoes in Lapindo 
mud Sidoarjo. 

 
MATERIALS AND METHOD 

 
Materials: 

The sediment samples from six stations within 
the sedimentation basin of the Lapindo mud area 
were collected and examined for physical 
characteristics. The sediment samples were taken 
from the different locations as 8 to 10 cm in depth. 
The material was in the form of mud.  

 
Method: 

Six sediment samples were randomly collected 
during the dry season in the month of March to June 
2015. The identifiable landmarks in adjoining land 
areas to the sampling points were also recorded. The 
sediments were drained of water and subsequently 

air-dried for few days in room temperature. Collected 
sediment samples were freed from the Porong river 
region and Lapindo mud location, and then dried to 
constant weight at 60°C in a well ventilated oven. 
Regarding the particle size distribution analysis, 100 
g of dry sediments from each station was (taken) and 
mechanically shaken in a set of analytical calibrated 
sieves arranged progressively finer downwards from 
2 mm mesh. Sediment retained on each sieve was 
then weighed and the particle size distribution with 
the grain size diameter in mm (Jackson, 1973).  

 
Laboratory Analysis; 

Laboratory analyses were performed in the 
Laboratory of Soil and Chemistry, University of 
Brawijaya. Physical analysis was carried out as per 
standard methods. Determination of total organic 
matters (TOM) in the sediments was performed by 
measuring the weight loss of dry sediment after 
ignition in the furnace heater at 750°C for 3 hours. 

The clay content was determined using the 
pipette method (Loizeau et al., 1994; Beuselinck et 
al., 1998). Further, water holding capacity (WHC) 
was measured by following the method of Keen and 
Raczkowski (1921). Solid OC and organic matter 
(OM) content in the sediments were measured 
following the method of wet oxidation, and soil pH 
was measured based on the using pH electrode 
(Grunzweig et al., 2003). 

 
RESULT AND DISCUSSION 

 
Location of Lapindo Mud: 

According to the Geographical Positioning 
System (GPS) that navigate the mud location within 
the area, the mud is located close to communities in 
the districts of Sidoarjo, Madura, Pasuruan and 
Probolinggo (to the east of the map area), and the 
municipality of Surabaya. This indicates the 
possibility of the different materials which could be 
found in the sediment.  

In fact, the stratigraphy at the Sidoarjo locality 
consists of: 1) alluvial sediments; 2) Pleistocene 
alternating sandstone and shale of the Pucangan 
Formation, (up to 900 m depth); 3) Pleistocene bluish 
gray clay of the Upper Kalibeng Formation, to 1871 
m depth; and 4) volcaniclastic sand at least 962 m 
thick.
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Fig. 1: Lapindo mud area covering most villages in Sidoarjo 

 
Physical Characteristics and Texture of Lapindo 
Mud Sediment: 

The environment of deposition is of great 
importance in determining the physical 
characteristics of the sediments. The variations in 
textural properties and mud contents could be 

ascribed to the variety of sediment sources, their 
response during currents and waves, and the seasonal 
variability and activity of benthic fauna (Shankaran 
et al., 2014). The result of the laboratory analysis of 
the physical properties is described in table 1.

  
Table 1: Mud Sediment Physical Characteristics 

No. Location Code 
Water Hold Capacity 
(g/g) 

% 
Class 

Sand Silt Clay 
1 A 0.25 5 48 47 Silty clay 
2 B 0.42 28 47 25 Mud 
3 C 0.38 21 49 30 Clayey mud 
4 D 0.40 15 49 36 Muddy silty clay  
5 E 0.95 1 74 25 Silty mud 
6 F 0.60 2 74 24 Silty mud 
Average  0.50 12 57 31 Silty mud 

 
From the analysis, the sediments are 

characterized by the abundances of silt and clay with 
minor amounts of sand. Magesh et al. (2011) studied 
the grain-size composition (sand-silt-clay ratios) of 
the surface sediments that have been classified. 
Related to the category, Table 1 describes that the 
percentages of physical content of each sample. 
Sample with location code A is classified as silty 
clay texture with 48 and 47% of silt and clay 
respectively. The sample B, on the other hand, 
contains nearly 50% muds and approximately a 
quarter for each sand and clay which makes it 
classified as mud texture. With more clay content 
than sample B, location C is categorized in clayey 
mud class. In addition, location D has similar 
properties to location A where the percentage of silt 
is high, thus it has muddy silty clay texture. On the 
other hand, location E and F have the highest 
percentages of silt with lower clay level making the 

places categorized as silty mud class and good for 
plants. 

Clay soil retains a lot of water and is high in 
organic matter, so it can be damaged easily when 
cultivated while wet. Clay soil is harder to cultivate 
because it naturally denser. However, because the 
particles in clay soil swell and shrink as the soil 
becomes wet and then dries, clay soil can cultivate 
itself. In turn, sandy soil is simple to work, and loam 
soil is moderately difficult to work. Loam and silt are 
rich nutritionally and easier to work than clay soil, 
and loam's and silt's particles are not damaged when 
the soils are worked while wet. 

On the other hand, although nutritionally poor, 
sandy soil is well-suited for some kinds of plants. In 
turn, the heaviness of clay soils makes it less than 
ideal for some plants, despite clay's high nutrition 
content. Loam soil is considered ideal for a wide 
variety of plants as a consequence of its rich 



18                                                                 Emad Eldin Amar Dagdag et al, 2015 
Australian Journal of Basic and Applied Sciences, 9(36) December 2015, Pages: 15-19 

nutritional content and ability to retain moisture 
while resisting becoming waterlogged; it drains well. 

Veihmeyer and Hendrickson (1931) defined the 
field capacity or the WHC as the amount of water 
held in the soil after the excess gravitational water 
has drained away and after the rate of downward 
movement of water has materially ceased. Stage of 
field capacity is attained in the field after 48 to 72 h 
of saturation. It is the upper composition revealed 
that, the Porong river system is essentially a low 
energy environment. According to the result of 
laboratory analysis, the water hold capacity average 
is 50% in Lapindo mud sediment. Moreover, the 
highest water hold capacity level is in the location E 
with silty mud texture while the lowest is in location 
A with silty clay texture.  

 
Conclusion: 

The texture of the mud sediment in Lapindo 
Sidoarjo is characterized by the abundances of silt 
and clay with minor amounts of sand. Thus, the 
physical characteristics remain silty clay. Clay soil 
retains a lot of water and is high in organic matter, so 
it can be damaged easily when cultivated while wet. 
However, because the particles in clay soil swell and 
shrink as the soil becomes wet and then dries, clay 
soil can cultivate itself. In turn, the heaviness of clay 
soils makes it less than ideal for some plants, despite 
clay's high nutrition content. On the contrary, sandy 
soil is simple to work with high water hold capacity 
level. Mud and silt are rich nutritionally and easier to 
work than clay soil. Although nutritionally poor, 
sandy soil is well-suited for some kinds of plants.  

Therefore, location B is easier to cultivate 
because of the less clay content. Moreover, location 
A, C, and D are nutritionally high organic matter, but 
the heaviness of clay soils makes it less than ideal for 
some plants. Mud soil is considered ideal for a wide 
variety of plants as a consequence of its rich 
nutritional content and ability to retain moisture 
while resisting becoming waterlogged; it drains well. 
Thus, the mud should be used for environment 
conservation by planting root or water plants.  
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