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Abstract - This paper examines the local impacts of the 1257 CE Samalas eruption in the Mataram plain in relation 

to the hydrogeological conditions. Data from several previous studies in the Mataram plain is summarized and then 

reinterpreted. Data collected from new ¿eldwork is also presented. This review summarizes hydrogeological condi-
tions into several categories, i.e. stratigraphy, aquifer formation, groundwater quality, and evolution. Two coring data 

were evaluated, which showed that Mataram plain has a relatively thick alluvial layer with a dominant material of 

sand mixed with pumice from the reworked deposit of the 1257 CE Samalas eruption. The sediment from this erup-

tion formed a freshwater aquifer layer up to ~18 m deep. Using resistivity data, the aquifer layers in the studied area 

were characterized as uncon¿ned aquifer, aquitard, and semi-uncon¿ned aquifer. Seven water samples show that the 
groundwater in the studied area is in good condition, which indicates the bicarbonate water type. The results of the 

analysis show that the impact of the 1257 CE Samalas eruption on the hydrogeology of Mataram is considered a 

positive impact, i.e. forming an uncon¿ned aquifer containing freshwater that is good for domestic uses.
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Introduction

Volcanic eruption is one of the factors that can 

lead to the disruption of natural and societal con-

ditions (Newhall et al., 2018). A major eruption 

with a volcanic explosivity index (VEI) > 4 may 

induce global, regional, and local impacts (Mala-

wani et al., 2021). The eruption of the Samalas 

Volcano on Lombok in 1257 CE is included on 

the list of the largest eruptions in Indonesian his-

tory (Lavigne et al., 2013; Rachmat et al., 2016; 

De Maisonneuve and Bergal-Kuvikas, 2020). 

This eruption produced voluminous pyroclastic 

density currents  (PDCs), which were distributed 

over Lombok with various thicknesses (Figure 

1). The thickest deposits are ~40 m on the foot 

slopes of the Samalas-Rinjani Complex (Vidal et 

al., 2015; Mutaqin et al., 2019). A study on the 

local impact of this event has yet to be conducted 

on a wide area of Lombok. According to the map 
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of ejected materials from the 1257 CE Samalas 

eruption, the western region around Mataram 

City was heavily impacted (Vidal et al., 2015). 

This area has had no further investigation relating 

to the local impacts caused by this eruption. The 

local impacts of volcanic eruptions vary depend-

ing on the landscape characteristics, including 

morphological changes in the volcanic edi¿ce 
or surrounding landscape, the evolution of the 

river and drainage system, impacts on the water  

body, and the perturbation of the environment 

and societies (Waythomas, 2015; Malawani et 

al., 2021). 

The latest evolution of Lombok morphology, 

as well as the deposition of the surface materi-

als, was formed during the Pleistocene to the 

Holocene (Mangga et al., 1994; Zubaidah et al., 

2014). However, the most recent process that 

Figure 1. Map of the ejected materials during the Samalas eruption in 1257 CE. The eruption consisted of four phases; phases 

one to three were characterized by fallout deposits (maps a, b, and c, respectively) and were followed by phase four, the 

pumice-rich pyroclastic density currents (PDC) (Map d). The studied area is indicated by the black box in map d. (Fallout 

and PDC mapping are summarized from Lavigne et al., 2013; Vidal et al., 2015)IJ
OG
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was highly inÀuential on the surface morphology 
and subsurface material composition of Lombok 

was the eruption of the Samalas Volcano in 1257 

CE (Lavigne et al., 2013; Vidal et al., 2015; Mé-

trich et al., 2017; Mutaqin et al., 2019). These 

processes might a൵ect the formation of aquifer 
layers in the impacted area. Previous studies using 

stratigraphic data and geo-electric measurements 

demonstrated that the Mataram plain has several 

distinctive subsurface layers (Hiden et al., 2017; 

Sudrajat et al., 2017; Malawani et al., 2023). 

Researchers have looked into the aquifer layers in 

the northern Lombok area that was a൵ected by the 
Samalas eruption in 1257 CE. They found a link 

between recent sedimentary processes and the 

formation of layers below the surface (Nugraha 

et al., 2022). The result shows that sedimentation 

during and after the Samalas eruption formed 

aquifer layers that signi¿cantly impacted the 
groundwater resources in the studied area. Due 

to relatively similar regional characteristics, the 

massive influx of pyroclastic sediments may 

also have inÀuenced the groundwater resources 
of the Mataram area. The goal of this review 

paper is to look at the e൵ects of the 1257 CE Sa-

malas eruption in the Mataram area, which saw 

changes in the landscape and the layers of rock 

that formed on top of each other, as well as how 

these changes a൵ect the hydrogeological features. 
Data from previous studies in the Mataram area 

is summarized and reinterpreted (e.g. Hiden et 

al., 2017; Sudrajat et al., 2017; and Malawani et 

al., 2023). Data collected from new ¿eldwork is 
also presented.

Geology of Mataram Area

The con¿guration of the Mataram area is a 
plain facing the ocean with a span of +20 km. 

This plain area is surrounded by hilly areas in 

the northern and southern parts. In the north, an 

old volcanic formation composed of breccia and 

lava was formed during the Tertiary (Figure 2) 

(Mangga et al., 1994). In the southern part of 

Mataram, there are similar aged rocks composed 

of quartz, sandstone, carbonate, and tu൵. The 
Mataram area is covered by alluvium formations 

(Mangga et al., 1994). Most of the alluvium is 

derived from Lekopiko Formations (Qvl) and 

modern Rinjani deposits (Qhv(r)) (Mangga et 

al., 1994; Marjiyanto, 2016). These formations 

are composed of loose materials such as sand, 

gravel, tu൵, and pumice. In addition to the sup-

ply from these two formations, the alluvium also 
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Figure 2. Rock formations map in the Mataram area. Source: Geological Map 1:100,000 (Mangga et al., 1999).
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originated from marine depositional processes 

(Marjiyanto, 2016). The marine deposits cover the 

coastal areas of Mataram consisting of black and 

white sands, pumice, and foraminifera, or coral 

fragments in several places (Marjiyanto, 2016). 

On the upper layer, the most common material 

has a texture of sandy silt. In the lower layer, the 

material texture is dominated by sandy material, 

either medium or coarse sand (Agustawijaya and 

Samsyudin, 2012). Seismic identi¿cation shows 
that alluvium deposits in Mataram have a maxi-

mum thickness of up to 43 m. Alluvium bedding 

in Mataram is also heterogeneous, indicating a 

complex depositional process and the evolution 

of the depositional environment (Marjiyanto, 

2016). The soil formations in the Mataram area 

are relatively homogenous due to similar parent 

materials, with an average thickness of 2 ̶ 5 m 
(Agustawijaya and Samsyudin, 2012). The topsoil 

is dominated by sandy-silt materials. Due to its 

Àat area, this topsoil layer is included as an aquifer 
with a shallow groundwater table (Agustawijaya 

and Samsyudin, 2012).

Stratigraphy

Stratigraphic data in the Mataram area was 

collected based on coring data from the Ministry 

of Energy and Mineral Resources (ESDM o൶ce) 
of West Nusa Tenggara Province. Figure 3 shows 

the lithology of the studied area based on the 

coring data. Coring data is the detailed data that 

can be used to examine the existing subsurface 

conditions of the Mataram area. However, this 

data is limited in Mataram. Two coring data are 

examined, namely Islamic Centre (C1) and Hotel 

Santika (C2) which have depths of more than 10 

m each. Coring C1 is located near the middle of 

Mataram City. In this location, the stratigraphic 

formation consists of thick top soil containing 

silty sand, underlain by coarser materials includ-

ing sand and pumice fragments (0.5 ̶ 2 cm) to 
6 m deep. The pumice fragment subsequently 

becomes ¿ner, with an average diameter of 0.5 ̶ 
1 cm. Finer sand materials are found at the depth 

of 10 m. A relatively similar formation can be 

found in coring C2, situated ~700 m from C1, 

where an anthropogenic in¿ll is present at the 
top. No pumice fragments are present in this 

location until 2.4 m deep. The pumice fragments 

present at the depth of 2.4 - 5.6 m intermix with 

sandy-silt materials. Groundwater table is in the 

C1 at the depth of 4 m, whereas in the C2 is at 

the depth of 4.5 m. This shows that the recent 

material from the Samalas eruption has made 

a signi¿cant contribution to the formation of a 
suitable, uncon¿ned aquifer in the studied area.  

Discussion

Aquifer Formations

The Mataram area has high groundwater 

potential compared to the surrounding regions. 

In the current state, the groundwater availability 

of the Mataram area can be divided into three 

classes of productivity (Figure 4). The area with 

the highest productivity is located in the area, 

which consists of alluvium deposits. This location 

is mainly in the coastal zone of Mataram, which 

is suspected to be the zone of accumulation from 

sedimentation processes following the 1257 CE 

Samalas eruption, as indicated in Figure 1d. In 

this accumulation zone, marine sediments are 

intercalated with Àuvial or laharic sediments. 
Other areas surrounding it have medium and low 

groundwater productivities. Despite having vari-

ous groundwater potentials as shown in Figure 

4, the subsurface conditions are not necessarily 

homogeneous, as shown in the stratigraphic charts 

(Figure 3). 

In the northern part of Lombok, investigation 

of aquifer layers using geo-electrical measure-

ment has been conducted (Nugraha et al., 2022). 

Having similar region characteristics that were 

impacted by the PDC of the 1257 CE Samalas 

eruption, the previous resistivity measurements 

were reinterpreted in the Mataram area using 

the classi¿cation carried out by Nugraha et al. 

(2022), e.g. tu൵aceous pumice, volcanic breccia, 
and tu൵aceous sandstone. The resistivity inter-
pretation of Malawani et al. (2023) in the same 

studied area is also used as a reference, e.g. sandy 
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pumiceous materials (30 ̶ 300 Ωm) and clay and 
mud materials (<30 Ωm). A previous investiga-

tion was conducted by Sudrajat et al. (2017) in 

Cakranegara, the centre area of Mataram, using 

the dipole-dipole con¿guration. In this location, 
two measurement lines have similar character-

istics: they are located in the middle of Mataram 

City, i.e. Antereja and Sriwedari roads (Figure 5). 

With the help of resistivity values from Hiden et 

al. (2017), Sudrajat et al. (2017), Nugraha et al. 

(2022), and Malawani et al. (2023) as well as 

coring data (Figure 3), it is possible to ¿gure out 
the type of rock and predict the type of aquifer. 

In these two measured lines, both lithology and 

aquifer characteristics are relatively similar. 

Based on the resistivity value, at the top layer, 

it is identi¿ed as a pumiceous material with an 
average depth of 14 m. Below this layer,  ¿ner 
materials are present, as indicated by the lower 

resitivity value: clay and mud materials. This 

layer is likely to be an aquitard formation. At 

the depth of 50 m, more porous materials, such 

Figure 3. Columnar stratigraphic charts from sediment coring in the Mataram plain. The deposits from the post-Samalas 

eruption in the thirteenth century consist of sandy material with pumiceous deposits ranging from 0.5 to 2 cm in diameter. 

The groundwater table is indicated by a black inverted triangle.IJ
OG
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as sandy deposits, are identified as a semi-

uncon¿ned aquifer. 
Another measurement by Hiden et al. (2017) 

is located in the southern area of Mataram, near 

the Jeranjang power plant (Figure 6). In this 

location, two types of layers were identi¿ed: un-

con¿ned aquifer (composed of sandy pumiceous 
rock) and aquitard (composed of clay and mud). 

The maximum depth of the sandy pumiceous 

layer reaches 30 m, with the average of about 18 

m. This condition indicates that the approximate 

depth of the uncon¿ned aquifer in the Mataram 
area, formed from sandy pumiceous material 

derived from the deposits of the 1257 CE Sama-

las eruption, is 14 - 18 m. In the Jeranjang area, 

it is necessary to consider that at the depth of 

Figure 4. Map of groundwater availability and aquifer characteristics in the Mataram plain (Ridwan and Sudadi, 2000).

Ohm-m

Figure 5. Reinterpretation of subsurface materials from the geoelectrical measurements in Cakranegara, Mataram. a: Antareja 

Road; b: Sriwedari Road (Sudrajat et al., 2017). The location of these two lines is indicated in Figure 6.IJ
OG
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more than 40 m, it is possible to discover saline 

groundwater that is not suitable for domestic use, 

because this location is close to the sea. Sudrajat 

et al. (2017) suggest that ancient seawater traps 

may have formed as a result of the formation of 

the Mataram plain by the interaction between 

Àuvial and marine processes. Another ¿nding 
suggests that seawater traps in the Mataram area 

are plausible, because Mataram has undergone an 

abrupt and progressive landscape evolution from 

a shallow marine environment to a Àuvio-marine 
plain following the eruption of Samalas over the 

past ~700 years (Malawani et al., 2023). 

Groundwater Quality

The chemical type of groundwater can be 

determined by plotting the chemical composi-

tion of cations and anions on a trilinear Piper 

diagram (Figure 7) (Piper, 1944). The trilinear 

piper diagram consists of a cation triangle at the 

bottom left, an anion triangle at the bottom right, 

and a parallelogram at the top centre. The cation 

triangle of the Piper diagram indicates that the 

water samples are clustered in the lower right 

section, signifying that the dominant cations in 

the groundwater are sodium (Na) and potassium 

(K). Meanwhile, the anion triangle shows that 

the samples are clustered at the bottom left, in-

dicating that bicarbonate (HCO
3
) is the dominant 

anion. The triangular section formed between the 

cation and anion triangles also shows clustering 

in the lower part, which reÀects the overall com-

position of the groundwater samples, primarily 

composed of sodium bicarbonate (Na(K)HCO
3
). 

The predominant sodium bicarbonate ions can 

also result from various geochemical processes, 

not only from recent rainfall and atmospheric 

interactions. In this regard, this study does not 

further address the significant processes of 

groundwater origin and dynamic ion changes. 

However, two water samples are more dominant 

in the calcium magnesium bicarbonate (Ca(Mg)

HCO
3
) groundwater type, i.e. samples from Ta-

man Sari and Pengsong. The high concentration 

of sodium (Na) in the groundwater is not ac-

companied by a corresponding increase in chlo-

ride (Cl), indicating that there is no signi¿cant 
weathering activity a൵ecting the groundwater 
quality. The absence of chloride suggests that 

the groundwater samples collected from the 

uncon¿ned aquifer in the studied area are not 
inÀuenced by direct seawater contamination. 
However, these data show that the groundwater 

in the studied area is fresh-tasting and of good 

quality for domestic uses and is usually found in 

areas that are genetically classi¿ed as Quaternary 
deposits, such as alluvial plains (see the correla-

tion between Figures 2 and 4).

In this study, the possibility of saline ground-

water at depths exceeding 40 m is recognized, as 

suggested by Sudrajat et al. (2017) and Malawani 

et al. (2023). However, the data does not show 

a signi¿cant chloride content in the collected 
groundwater samples (Figure 7). This suggests 

Figure 6. Reinterpretation of subsurface materials from the geoelectrical measurements in Jeranjang (Hiden et al., 2017).
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that the collected groundwater samples are not 

directly a൵ected by seawater intrusion, at least at 
the depth and location sampled. This study did not 

include data from the brackish zone for a direct 

comparison. Future research incorporating such 

data would be useful for a more comprehensive 

understanding of the interaction between ground-

water quality and seawater intrusion.

Conclusions

The aquifer configuration in Mataram is 

strongly inÀuenced by the depositional proces-

ses that created this region: a combination of 

Àuvial-volcanic and marine processes. Using the 
information from geological maps, stratigraphy, 

resistivity pro¿les, and groundwater quality, the 
aquifers that are present in Mataram plain can be 

identi¿ed. The recent material from the Samalas 
deposits of the 1257 CE eruption has evolved into 

an uncon¿ned aquifer across the Mataram plain. 
This aquifer consists of sandy pumiceous materi-

als. Less productive aquifers are also available in 

older layers, which are predominantly composed 

of sand-silt-clay materials. Groundwater in the 

uncon¿ned aquifer in Mataram has a good quality 
for domestic use. However, deep drilling wells 

near the coast may require precautions because, 

at some locations, they may encounter brackish 

water from ancient marine water traps.

Acknowledgments

This research is supported by the Incentive 

Grant for Publication in the International 

Indexed Journal from the Faculty of Geography, 

Universitas Gadjah Mada (UGM). Fieldwork 

in Lombok is also partially supported by World 

Class Research (WCR) and Basic Research for 

Higher Education Excellence (PDUPT) Grants 

(2021-2022). The authors would like to thank 

the University of Mataram and the Department 

of Energy and Mineral Resources (ESDM) of 

West Nusa Tenggara for ¿eld survey assistance 
and for providing the coring data, especially 

to Hiden (RIP), Kusnadi, Hisyam, and Fariq. 

The authors would also like to thank Yayat 

Sudrajat and Lina Handayani from the Research 

Centre for Geological Disasters at The National 

Research and Innovation Agency (BRIN). 

Authors also thank reviewers and editors for 

their constructive comments. This work is part 

of a scienti¿c contribution from the Laboratory 
of Environmental Geomorphology and Disaster 

Mitigation, UGM.

References

Agustawijaya, D.S. and Syamsudin. 2012. The 

development of hazard risk analysis method: 

a case study in Lombok Island. Pengemban-

gan metode analisis risiko bencana: sebuah 

studi kasus Pulau Lombok. Dinamika Teknik 

Sipil, 12 (2), p.146-150. http://hdl.handle.

net/11617/2017.

De Maisonneuve, C.B. and Bergal-Kuvikas, O., 

2020. Timing, magnitude and geochemistry 

of major Southeast Asian volcanic eruptions: 

identifying tephrochronologic markers. Jour-

nal of Quaternary Science, 35 (1-2), p.272-

287. DOI:10.1002/jqs.3181.

Hiden, H., Brotopuspito, K.S., Hadmoko, D.S., 

Lavigne, F., Airaksinen, K.B., Mutaqin, B.W., 

Hananto, N.D., Handayani, L., Sudrajat, Y., 

and Suryanto, W., 2017. The isopach mapping 

of volcanic deposits of Mount Samalas 1257 

Figure 7. Triliner piper diagram of the groundwater samples 

in the studied area. Diagram from Piper (1944).

IJ
OG



Review on the Impacts of the Samalas Eruption (1257 CE) 
to the Hydrogeological Conditions to Mataram, Lombok, Indonesia (M. N. Malawani et al.)

347

AD based on the values of resistivity and phys-

ical properties. Geosciences (Switzerland), 7 

(3), 67pp. DOI:10.3390/geosciences7030067.

Lavigne, F., Degeai, J.P., Komorowski, J.C., Guil-

let, S., Robert, V., Lahitte, P., Oppenheimer, 

C., Sto൵el, M., Vidal, C.M., Suronoh, Pra-

tomo, I., Wassmer, P., Hajdas, I., Hadmoko, 

D.S., and de Belizal, E., 2013. Source of the 

great A.D. 1257 mystery eruption unveiled, 

Samalas Volcano, Rinjani Volcanic Complex, 

Indonesia. Proceedings of the National Acad-

emy of Sciences of the United States of Amer-

ica, 110 (42), p.16742-16747. DOI:10.1073/

pnas.1307520110.

Malawani, M.N., Lavigne, F., Gomez, C., Mu-

taqin, B.W., and Hadmoko, D.S., 2021. Re-

view of local and global impacts of volcanic 

eruptions and disaster management practices: 

The Indonesian example. Geosciences (Swit-

zerland), 11 (3), 109. DOI:10.3390/geosci-

ences11030109.

Malawani, M.N., Lavigne, F., Hadmoko, D.S., 

Syamsuddin, S., Handayani, L., Sudrajat, 

Y., Virmoux, C., Saulnier-Copard, S., and 

Kusnadi, K., 2023. Coastal sedimentation and 

topographic changes in The Mataram Plain, 

Lombok (Indonesia) following the 1257 CE 

eruption of Samalas Volcano. Earth Surface 

Processes and Landforms, 48 (10), p.2100-

2116.

Mangga, S.A., Atmawinata, S., Hermanto, 

B., Setyogroho, B., and Amin, T.C., 1994. 

Geological Map of the Lombok Sheet, West 

Nusatenggara. Geological Research and De-

velopment Centre.

Marjiyanto, 2016. Kon¿gurasi cekungan kuarter 
wilayah Kota Mataram, Nusatenggara Barat 

berdasarkan data mikrotremor. Jurnal Geologi 

dan Sumberdaya Mineral, 17 (1), p.51-60. 

DOI:10.33332/jgsm.geologi.v17i1.29.

Métrich, N., Vidal, C.M., Komorowski, J.C., 

Pratomo, I., Michel, A., Kartadinata, N., Pram-

bada, O., Rachmat, H., and Surono, 2017.  

New insights into magma differentiation 

and storage in Holocene crustal reservoirs of 

The Lesser Sunda Arc: The Rinjani-Samalas 

Volcanic Complex (Lombok, Indonesia). 

Journal of Petrology, 58 (11), p.2257-2284. 

DOI:10.1093/petrology/egy006.

Mutaqin, B.W., Lavigne, F., Sudrajat, Y., Han-

dayani, L., Lahitte, P., Virmoux, C., Hiden, 

Hadmoko, D.S., Komorowski, J.C., Hananto, 

N.D., Wassmer, P., Hartono, and Boillot-

Airaksinen, K., 2019. Landscape evolution 

on the eastern part of Lombok (Indonesia) 

related to the 1257 CE eruption of the Samalas 

Volcano. Geomorphology, 327, p.338-350. 

DOI:10.1016/j.geomorph. 2018.11.010.

Newhall, C., Self, S., and Robock, A. 2018. An-

ticipating future Volcanic Explosivity Index 

(VEI) 7 eruptions and their chilling impacts. 

Geosphere, 14 (2), p.572-603. DOI:10.1130/

GES01513.1.

Nugraha, G.U., Bakti, H., Lubis, R.F., Sudrajat, 

Y., and Arisbaya, I., 2022. Aquifer vulner-

ability in the coastal northern part of Lombok. 

Environment, Development and Sustainability, 

24 (1), p.1390-1410. DOI:10.1007/s10668-

021-01459-0.

Piper, A.M., 1944. A graphic procedure in the geo-

chemical interpretation of water-analyses, Eos 

Trans. AGU, 25 ( 6), p.914-928. DOI:10.1029/

TR025i006p00914.

Rachmat, H., Rosana, M., Wirakusumah, A.D., 

and Jabbar, G.A., 2016. Petrogenesis of 

Rinjani post-1257 caldera-forming -eruption 

lava Àows. Indonesian Journal on Geoscience, 

3 (2), p.107-126. DOI:10.17014/ijog.3.2.107-

126.

Ridwan, T. and Sudadi, P., 2000. Peta Hidrologi 

Pulau Lombok dan Pulau Sumbawa Bagian 

Barat,  Skala  1:250.000,  Kantor  Wilayah  

Departemen  Energi  dan  Sumber Daya Min-

eral Provinsi Nusatenggara Barat.

Sudrajat, Y., Handayani, L., Hananto, N.D., Mu-

taqin, B.W., Lavigne, F., Nyanjang, N., and 

Sutarman, S., 2017. Pengukuran geolistrik 

untuk memetakan cekungan airtanah di Kota 

Mataram. Prosiding Pemaparan Puslit Geo-

teknologi LIPI. 

Vidal, C.M., Komorowski, J.C., Métrich, N., 

Pratomo, I., Kartadinata, N., Prambada, O., 

IJ
OG



Indonesian Journal on Geoscience, Vol. 11 No. 3 December 2024: 339-348

348    

Michel, A., Carazzo, G., Lavigne, F., Rodysill, 

J., Fontijn, K., and Surono, 2015. Dynamics 

of the major plinian eruption of Samalas in 

1257 A.D. (Lombok, Indonesia). Bulletin of 

Volcanology, 77:73. DOI:10.1007/s00445-

015-0960-9.

Waythomas, C.F., 2015. Geomorphic conse-

quences of volcanic eruptions in Alaska: A 

review. Geomorphology, 246, p.123-145. 

DOI:10.1016/j.geomorph.2015.06.004.

Zubaidah, T., Korte, M., Mandea. M., and Ham-

oudi, M., 2014. New insights into regional 

tectonics of the Sunda–Banda Arcs region 

from integrated magnetic and gravity mod-

elling. Journal of Asian Earth Sciences, 80, 

p.172-184.

IJ
OG


