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Article History: This study was conducted to identify the presence and distribution of pumice
resulting from the 1257 AD eruption of Mount Samalas in the Ampenan and
Sekarbela Districts of Mataram City. The research is significant because pumice
serves as a volcanic indicator that greatly influences soil characteristics and the
local environment. The study aims to map the distribution of pumice and to
examine its subsurface dispersal, particularly in coastal areas. Georadar and
geoelectric resistivity methods were employed—two geophysical techniques
that measure the electrical response of the subsurface, thereby detecting changes
in resistivity and conductivity indicative of volcanic material such as pumice.
The results reveal that pumice is uniformly distributed at depths of 0-9 meters
and is intermixed with gravel, silt, and sand. In the study area, the soil layer is
predominantly sandy, likely due to its coastal location. This research underscores
the importance of using geophysical methods to map the distribution of volcanic
materials in shallow layers, especially in areas affected by volcanic eruptions.
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1. INTRODUCTION

The eruption of Mount Samalas was the largest volcanic eruption in Indonesia, and it occurred
in 1257 AD. The size of this eruption is estimated to reach 7 VEI scale. It was recorded that the height
of Mount Samalas' eruption column reached 43 km (Lavigne et al., 2013). This eruption produced
pyroclastic material, most of which flowed north while the rest flowed south and then branched into
two. One branch flows southeast for 30 km across what is now Selong City and the second branch flows
southwest for 40 km across the area that includes Mataram City (Wahidah et al., 2016). The direction
of flow of pyroclastic material can be seen more clearly in Figure 1. The presence of pumice
characterizes the pyroclastic material resulting from the eruption of Mount Samalas (Lavigne et al.,
2013). Therefore, pumice stone is very abundant in Lombok.

It can be done using geophysical methods, including the georadar method and the geoelectric
resistivity method, to determine the presence of pumice stone. Both methods utilize the electrical
response of subsurface materials but with different approaches. The georadar method uses
electromagnetic waves to detect reflections due to changes in electromagnetic conductivity in subsurface
materials (Narotama Sarjan & Muchtaranda, 2023), while the geoelectric method uses electric current
to measure the resistivity of subsurface materials based on the distribution of the resulting electrical
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Figure 1. Pyroclastic Material Explosion Direction Map.

The strategic location as a place to investigate the presence of pumice in Mataram City is
Ampenan and Sekarbela Districts. These two sub-districts are low-lying and close to the coast, making
them strategic locations for investigating pumice deposition which may be widespread due to pyroclastic
flows. Pumice produced by large eruptions can float on water and be carried by ocean currents to various
coastal locations. Ampenan and Sekarbela as coastal areas are likely to receive large amounts of pumice
due to the Samalas eruption. In connection with this, research has been carried out in Ampenan and
Sekarbela Districts to determine the presence and distribution of pumice from the Samalas eruption
based on the results of georadar data processing and geoelectric resistivity.

Lavigne et al., (2013), examine the large eruption of Mount Samalas in Lombok in 1257 AD,
which produced extensive pyroclastic flows and large quantities of pumice. Ronodirdjo et al., (2020)
carried out stratigraphic analysis to study volcanic sediment layers in the Ganges area, North Lombok.
The analysis focused on layers of pumice found in outcrops of sand layers in local quarries. The research
results revealed that Mount Samalas experienced three large eruptions, marked by layers of pumice
which had three different colors, namely white, pink, and yellow. The white (13th century) and pink
(500 BC) layers are the result of the most recent large eruption, while the yellow layer is the deepest and
oldest layer.

Geophysical methods have been widely used to detect and map the presence of pumice, such as
research conducted by Ustina et al., (2020), using the geoelectric method to analyze the thickness of the
pumice layer as a function of source distance in Lingsar District. The research results show that the
pumice layer is 10 — 21 meters thick. Meanwhile, laboratory measurement results show that the
resistivity value for wet pumice is 23.9 — 40.0 2m and 204.3 — 354.8 2m for dry pumice. The thickness
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Figure 2. Study Location Map.

2. METHOD

This study was carried out from June 2024 to August 2024. The georadar data used in this study
is secondary data obtained through collaboration between the Physics Study Program, FMIPA, Mataram
University and the Physical Geography Laboratory, Paris 1 University, France. Data collection was
carried out in Ampenan District and Sekarbela District in 2015, with a total of 4 measurement points.
The study utilized a GPR system with a 250 MHz antenna frequency which provides an optimal balance

ISSN: 1979-4657 (Print); ISSN: 2614-7386 (Online) 43



Arsi et al.: Identification of the Presence of Pumice Stone Based on Georadar Data and Geoelectric Resistivity...

between penetration depth (8-13 meters) and resolution. Meanwhilg aclectric resistivity data used
is primary data obtained from acquisition results at the same ¢ p georadar data collection
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Figure 3. Flow chart of research stages.

Interpretation and Analysis

2.1 Research Procedures

Geoelectric resistivity data collection in this study used the Wenner-Schlumberger
configuration. Measurements were carried out at 4 points with a path length of 34.5 meters for each
point with an electrode distance of 1.5 meters. There are only 4 paths taken in this study, namely track
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1, track 2, track 3 and track 4. The results of geoelectrical data prog are then used to interpret the

2.2 Data Processing
2.2.1 Georadar Data Processing

The georadar data processing stage uses
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Figure 4. Flow diagram of data processing stages.

2.2.2  Geoelectric Data Processing

From field measurement data, potential difference (AV) and electric current (I) values were
obtained. Then the apparent resistivity value (pa) will be calculated using equation (1) (Pratama et al.,
2018). Next, an inversion modeling process will be carried out using res2dinv software to obtain the
subsurface structure which is indicated by differences in layer resistivity values.

AV

pa=n(n+ 1l)ma ' 1)

2.3 Data Interpretation
2.3.1 Georadar Data Interpretation

After carrying out a series of data processing processes with ReflexW software, a radargram
image was obtained. To identify subsurface layers based on a radgram, it can be analyzed by looking at
certain reflection patterns displayed on the radargram image (Hutasoit & Sumargana, 2023) .

2.3.2  Geoelectric Data Processing

After carrying out a series of data processing processes with res2dinv software, a subsurface
cross-section was obtained. Interpretation is carried out by analyzing cross-sections based on resistivity
values obtained from data processing results with resistivity values for material types listed in Table 2
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(Telford, et al., 1990) and reviewing the geological map of the res
types of rocks found in the area. that area. research location.

(Figure 5) to determine the

No. Rock Type ivity (Qm)

1 Tuff 0% (wet) — 10° (dry)

2 Sand 1-1000

3. Sandstone 1-6.4x108

4, Gravel 100 - 600

5 Silt 10 - 200

6 Clay 1-100

7 Pumice 23.9-40 (wet), 204-354 (dry)
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Figure 5. Geological Map of Research Area.

3. RESULTS AND DISCUSSION

This study uses secondary data from georadar and primary data from geoelectric resistivity.
Georadar data processing produces radargram images that depict subsurface structures based on changes
in reflection signal contrast, while geoelectric resistivity data processing produces 2D cross-sections that
show the resistivity distribution below the measurement path. The following are the results of georadar
and geoelectric data analysis used to identify the presence of pumice in Ampenan and Sekarbela
Districts. There are 4 trajectories in the research location points taken in this study, namely track 1, track
2, track 3, and track 4.

3.1 Track1

The results of georadar and geoelectric data analysis show the harmony between the radargram
image in Figure 6 and the resistivity cross-section in Figure 7. The radargram in series A with a depth
of 0 — 9 m which is marked with a purple amplitude shows a wavy reflection pattern, thought to be like
a layer of sand. and mud. Furthermore, in series B, a crack zone can be seen at a depth of 9 —30 m. In
the geoelectric cross-section, the layer with a resistivity value of 30.3 — 408 Qm, marked with light blue
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to red, is at a depth of 1 —4.78 m, estimated to consist of a mixture g nd, gravel, clay, and pumice

DAT_0558.04T DISTANCE [METER]

0+t

AMPLITUDE
<-2048

-1536

Legend
-1024

512 n Lithological

TIME [ns]
[supulg) o= 18 [43130] H1d30

y T 30

lteration 4 Abs. error = 7.4 %
0.0 3.00 6.00 9.00 12.0 15.0 158.0 21.0 24.0 27.0 30.0 330 m
1 1 1

pars|
113
191
278

h

3.73 ]

4.78 ]
Inverse Model Resistivity Section

L § R B jEmieoeey  JeEEempeageeay § § § |
18.0 303 510 857 144 243 408 686

Resistivity in ochm.m Unit electrode spacing 1.50 m/]

Figure 7. Geoelectric Data Processing Results on Track 1.

31 Track?2

The results of georadar and geoelectric data analysis show a harmony between the radargram
image in Figure 8 and the resistivity cross section in Figure 9. The radargram in sequence A, with a
depth of 0 — 2.3 m, which is marked with a purple amplitude, shows a wavy reflection pattern, estimated
as a layer of sand and silt. Furthermore, in sequence B, a crack zone can be seen at a depth of 2.3 — 6.4
m. In the geoelectric cross-section, the layer with a resistivity value of 52.1 — 429 Qm, marked with
dark blue to light green, is at a depth of 1.13 — 4.78 m, estimated to consist of a mixture of silt, sand,
gravel, clay and pumice with conditions ranging from wet until dry. This shows that the wavy layer
visible on the radargram contains pumice. The layer with a higher resistivity value, namely 866 — 7135
Qm which is marked with dark green to purple at a depth of 0.375 — 3.73 m, is estimated to be a layer
of dry sand and tuff. The presence of crack zones in sequence B, could be related to pressure differences
in the soil layers or could also be related to high resistivity variations, indicating the presence of a
mixture of dry sand and tuff in the geoelectric section. Based on radargram analysis and geoelectric
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cross-sections, it can be concluded that on Track 2, pumice is at a 13 — 6.4 m, mixed with silt,
sand, and tuff.
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Figure 9. Geoelectric Data Processing Results on Track 2.
3.2 Track 3

The results of georadar and geoelectric data analysis show harmony between the radargram
image in Figure 10 and the resistivity cross-section in Figure 11. The radargram in sequence A with a
depth of 0 — 1.2 m, which is marked with a purple amplitude, shows a simple layered reflection pattern
in a hummocky shape, estimated as a layer of sand and gravel. In the geoelectric cross-section, layers
with resistivity values of 45 — 399 Qm are marked with light blue to red colors at varying depths, ranging
from 0.375 — 4.78 m, it is estimated that there is a mixture of sand, gravel, and pumice with wet to dry
conditions. This shows that the hummocky layer visible on the radargram contains pumice.

The radargram on sequence B, at a depth of 1.2 — 5.4 m, shows an irregular wave response, the
reflection pattern cannot be identified, this could be because the waves have weakened or experienced
attenuation due to the conductive layer on sequence B. This finding is in line with the geoelectric cross-
section at a distance of 12.5 — 18 m which shows a layer with a low resistivity value of 15.1 — 26.1 QOm,
which is estimated to be sand and clay containing water, marked by a blue layer at a depth of 1.91 —
4.78 m. The influence of water shown on the resistivity distribution in this layer can explain the wave
response which has an irregular pattern on the radargram in sequence B.

Radargrams in series C at a depth of 5.4 — 9 m show a chaotic reflection pattern which is thought
to be layers of sand and gravel. The existence of chaotic patterns can indicate variations in the
composition and structure of subsurface material that are not homogeneous, even though these layers
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Figure 10. Georadar Data Processing Results on Track 3.
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Figure 11. Geoelectric Data Processing Results on Track 3.

3.3 Track4

The following image is the result of analysis of georadar and geoelectric resistivity data
processing on Track 4 located in Pejeruk, Ampenan. The results of georadar and geoelectric data
analysis show harmony between the radargram image in Figure 12 and the resistivity cross-section in
Figure 13. Radargram in sequence A, with a depth of 0 — 1.89 m, which is marked with a purple
amplitude, showing a hummocky reflection pattern, estimated as a layer of gravel and sand. Geoelectric
cross sections with resistivity values of 36.4 — 388 Qm are marked with light blue to orange at varying
depths, range 0.375 — 4.78 m, estimated to be a mixture of sand, gravel, pumice, and silt with wet to dry
conditions. This shows that the hummaocky layer in the radargram contains pumice. This pumice stone
was also confirmed by field observations which showed its presence on the surface.

The radargram in sequence B, at a depth of 1.89 — 5 m, shows a combined pattern of parallel
and diffraction patterns, whereas the depth increases, the amplitude appears to weaken. Diffraction
patterns can be caused by the presence of objects embedded beneath the surface. Meanwhile, the parallel
pattern is thought to be layers of wet silt and sand. This is in line with the geoelectric cross-section which
shows a low resistivity value, namely 22.7 Om, marked in blue at various depths, range 1.13 — 4.78 m,
estimated to be a mixture of silt and sand containing water. The influence of water shown on the
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resistivity distribution in this layer can explain why the radargrarng
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Figure 12. Georadar Data Processing Results on Track 4.
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Figure 13. Geoelectric Data Processing Results on Track 4

Radargram images are obtained using the Ground Penetrating Radar (GPR) method, which
utilizes electromagnetic waves to reflect differences in conductivity and dielectric properties between
subsurface layers. In the radargram, different reflection patterns can be used to identify rock lithology
based on changes in physical properties. The physical parameters involved in radargram, and resistivity
analysis include the dielectric constant, which measures the material's ability to store electrical energy
in an electromagnetic field. Pumice has a low dielectric constant (¢ = 2-4) due to its porous structure.
Resistivity measures the material's ability to resist the flow of electric current. Dry pumice has high
resistivity (>200 Qm) due to its non-conductive nature. Overlaying radargrams with geoelectric profiles
aims to provide a clearer depiction of lithology by combining information on electromagnetic
conductivity and soil resistivity. The first step is data collection, which involves obtaining radargram
images from ReflexW software and geoelectric profiles (2D or 3D) from Res2Dinv software. The
second step is scaling adjustments, ensuring that the depth scale and radargram track coordinates align
with the geoelectric profile. The third step is determining lithological parameters, where radargrams
provide reflection patterns that indicate layer boundaries, and resistivity profiles present resistivity
values that can be associated with specific rock types. Finally, visual integration is carried out using GIS
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software to create the overlay, with the radargram imported as the 2 e and the resistivity profile
layered as a transparent color map. The results of identifying t pumice from the analysis
of georadar and geoelectric data on other routes can be seen j

Track Depth (m)
1 1-9
2 1.13-6
3 0-4.78
4 0-5
Pumice |dent|f|ed in Tab nts distributed within mixed layers as detected by

ear explicitly in the geological map (Figure 5) or as a
standalone category in Table 2 dud@o cegndary distribution.
The results of dgjg® iSW the research area show that the soil layer is dominated by sand,
geogwaphi i

show that the research area has a shallow groundwater level, where the rock layer
ater level consists of gravel, sand, pumice, and tuff. This is also in accordance with

awove the aquifer that makes up Mataram City consists of alluvial deposits, sand, pyroclastic
volcanic rock.

As a light volcanic material, pumice often accumulates on the surface of the ground or in shallow
layers after being carried by wind and water after volcanic eruptions. This accumulation contributes to
the characteristic soil composition of coastal areas, where sand and pumice are often found together.
Pumice stone is not a conductive material, so it has a high resistivity value. The porous structure of
pumice makes it less efficient at conducting electricity. This research strengthens understanding of the
distribution and composition of volcanic material in the study area, as well as providing a more detailed
picture of the local geological characteristics.

4. CONCLUSION

Based on the results of georadar and geoelectric data analysis, it shows that the pumice stone
resulting from the eruption of Mount Samalas is spread throughout the measurement route with a depth
of 0 — 9 m. Data shows that pumice is distributed in the form of fragments mixed with other materials
such as gravel, silt, tuff, clay, and fine to coarse sand. Research results also show that volcanic materials
such as pumice often accumulate on the surface or in shallow layers. The results of data analysis in the
research area show that the soil layer is dominated by sand, this can be caused by the geographic location
of the area which is in a coastal area. On average, pumice is found at a depth of 1 — 6 m, but pumice is
also at a depth of 9 m.
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