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Abstract. Borobudur attracted some researchers to study not only about its temple and culture 

but also the environment. Borobudur environment is very interesting because Borobudur located 

in the hill and surrounded by swamp. However, behind the beautiful place, Borobudur is 

vulnerable from natural hazard. Earthquake and volcanic eruption are the main disaster that can 

destruct the temple. Geological evidence could help the government to protect the temple or to 

develop the tourism. The aims of research are to assess and analyze natural hazard potential base 

on geological condition in Borobudur temple area. The research was conduct from 2008 to 2013 

with compile primary and secondary data. The data were collected from secondary data validated 

that which were collected in the field. Several indicators of geohazard i.e. fault, volcanic 

materials, and landslide sediment were shown the vulnerability of research area. Base on this 

condition government should consider geological factors to develop and protect Borobudur 

temple and surrounding areas. 
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1. Introduction 

Borobudur is the biggest Buddhist temple in Indonesia that built in 8th century A.D. by Sailendra 

dynasty [4]. Since found and restored by Raffles in 1814, Borobudur became popular in the world. The 

temple was found in damage and need a massive restoration. The renovation was done with high effort 

until UNESCO awarded Borobudur as world heritage site in 1991. Borobudur attracted some researchers 

to study not only about its temple and culture but also the environment. Borobudur environment is very 

interesting because Borobudur located in the hill and surrounded by swamp [6] [5]. Borobudur was built 

on the top of Gandul-Sipodang hills [8] and has beautiful mountains view such as Mt. Merapi, Merbabu, 

Sindoro, Sumbing and Menoreh. This condition make Borobudur attract some international and 

domestic tourists even the government determine Borobudur as priority tourist destination in Indonesia. 

However, behind this beautiful place, Borobudur is susceptible from natural hazard. It is shown at 

the first time Borobudur found in massive destruction where the stupas were collapse. Pramuwijoyo et 

al. [14] describe that the damage was not caused by human activity but by earthquakes. The reason is 

because the condition of stupa caused by bottom shakes. The same situation also occurred at Yogyakarta 

earthquake in 2006 with magnitude 5.9 Richter Scale. In 59 seconds, the quake was able to destroy 

Prambanan temple. Even though not all of material collapses, but the temple construction has been 

broken. This illustration might also occured at Borobudur. 

http://creativecommons.org/licenses/by/3.0
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Another potential hazard is volcanic eruption. Bemmelen [13] hypothesis is about the great events of 

the eruption of Merapi volcano in year 1006. The powerful eruption made volcanic material fill all river 

until Menoreh mountain. The Progo river was stemmed by material of old Merapi and flooded southern 

side of Kedu plain including Borobudur area. In November 2010, the Merapi eruption also give impact 

for Borobudur temple which covered by volcanic ash with high depth. Some researcher believe that 

chemical contain in volcanic ash can destroy temple material.  

Base on the history and explanation, identification geological hazard potential in Borobudur is 

important to anticipate and conserve the temple. Geological evidence could help the government to 

protect the temple or to develop the tourism. The aims of research are to assess and analyze natural 

hazard potential base on geological condition in Borobudur temple area. 

 

2. Methods 

The research was conduct from 2008 to 2013 with compile primary and secondary data. The data were 

collected from secondary data validated which were collected in the field. Tectonic activity in 

Borobudur area can identify from satellite image as the basic for the analysis of topography, meandering 

river, and geological structure. Fault identification was done with interpret using ASTER GDEM and 

support with field survey. Volcanic hazard was assess base on volcanic material characteristic in the 

research area. The site location of each object was saved by GPS. 

 

3. Results and Disscussion 

3.1 Geology 

Borobudur plain is a part of Java Island which in the formation processes also influenced by tectonic 

activities because it is in the subduction zone [1]. Indo-Australian Plate moves to the north and 

subducting beneath the Sunda Plate, generating trench-arc system called Sunda Arc ([3]; [9]) with initial 

product are the Tertiary volcanic arc (18-27 million years ago) known as Old Andesite Formation [13]. 

The plates tectonic movement were triggering the earthquake and affect to change earth morphology. In 

Borobudur tectonic activity make Kulonprogo dome (Menoreh) faulted which is drowning at the end of 

Tertiary [13]. In the faulted part of Kulonprogo dome were surrounded by volcanic landforms and 

formed a basin which is surrounded by mountains called intramountainous basin, then Borobudur Lake 

was developed in Quaternary. 

 

3.2 Geohazar 

3.2.1 Volcanic  

Even though Borobudur was located near many volcanoes but not all of them threat the temple. Merapi 

is the most active and often threat Borobudur for instance eruption in 2010 that Borobudur covered by 

volcanic ash (Figure 1). Due to chemical content, volcanic ash can destroy the temple materials and also 

disturb drainage system.  

 

 

 

 

 

 

 

Figure 1. Borobudur temple covered by volcanic ash in Merapi eruption 2010 (Source: Borobudur 

Conservation Center) 
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The previous Merapi eruption until now is always triggered lahars. The lahars flow occurs caused by 

loose material around the volcanic peak, sliding down affected by gravity and rain. Lahar flow has high 

velocity so can destroy the buildings in surround od the river. Moreover, the volcanic materials will 

accumulate in the rivers (Figure 2). Black clay deposit covered by volcanic materials from Merapi 

volcano eruption that flowed through ancient Pabelan River and come down into Lake Borobudur. Some 

rivers come down in Borobudur area from the upstream of Merapi volcano, including Mangu River, 

Pabelan River, Kunjang River, Keji River, Putih River, Lamat River and Gung River. These rivers serve 

as a stream of material from Merapi eruption. Volcanic materials in Borobudur area are found in the 

river valleys, above the black clay sediments. 

 

Figure 2. Lake sediment covered by volcanic material in Progo river East part of Borobudur area 

 
3.2.2 Tectonic  

The result of the interpretation are the lineament of fault scarp and its triangular facetss, fault blocks off 

set, lineament and deflection of river flow pattern in structural zones. These faults can be clearly shown 

in the Menoreh hills, in the south of Borobudur area. Other supporting geological data for traces of 

tectonic earthquakes are faults that form the cliff of Menoreh hills. The faults re-activated to cut the 

Pleistocene-Holocene bedrocks of Borobudur Plain landform i.e. Progo Fault, Tangsi Fault, Sileng 

Fault, nearby the temple of Borobudur. The convergent tectonic plates movement releases the energy 

through activation of fault structure that previously formed, and produced the large faults due to the 

earthquake. 

That event is able to ravage all the buildings of the temple and brought down the cliff of Menoreh 

hills. Tectonic earthquake events that followed by the tsunami in 938 Saka triggers eruption of the 

Merapi volcano, Sumbing volcano and Sindoro Volcano. Eruption products are pyroclastic flows or 

pyroclastic fall "tepra" and cold lahar flood. The materialspile up the temple at the slopes and plains 

around the volcanoes such as Liangan temple in slope of Sindoro volcano and Hindu and Buddhist 

temple in southwet-southern side of Merapi volcano that covered by the materials. However, Borobudur 

and Pawontempleare not covered because they were built on a hill at that time. 

 

3.2.2.1 Progo Fault. Progo is a river that located around 3 kilometers in the East of Borobudur temple. 

In many area show the river meandering pattern that controlled by tectonic. This fault cut the volcanic 

breccia with N 150° E (Figure 3-A). If a straight line drawn, it will be shown the fault cut Menoreh hills. 

While at east of Pawon temple, the fractures were founded cut swamp sediment (black clay) (Figure 3-

B). This is indicates that fault is active due to cut black clay which is a Quartenary sediment. These 

faults make the old swamp sediment located in the same elevation with young sediment.The sediment 

uplifting is a prove of tectonic activity in Borobudur Plain area. 
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Figure 3: A. The fault outcrop in Progo river that cut by volcanic breccia and forming a valley. B. Black 

clay or swamp sediment was cutted by fractures. 

 

3.2.2.2  Sileng fault. Sileng is a river located in the south of Borobudur and Kaliduren is a village name 

near Sileng river. Both of fault was located in the same river. Sileng fault is a normal fault with direction 

relatively East to West N 102° E/80°. Then in the west of East of Sileng fault, found structure with a 

slip fault with N 101° E/75°.  
 
3.2.2.3 Tangsi Fault. Tangsi is a river in the north-west side of Borobudur. The flow direction of Tangsi 

river was affected by fault structure [8]. These fault structure was resulted meandering pattern of channel 

along 10 km. Fault activity was trigger emergence of salt springs with high temperature. In the north 

side of Borobudur (near Ringinanom bridge), the fault was relatively NE-SW. 

 

3.2.3 Landslide  

In the south of Borobudur shows Menoreh mountain with steep slopes. The mountain was composed by 

volcanic breccia with some step fault. A lot of past landslide material found in the research areas. Marsh 

sedimentation the south of Borobudur area were covered by avalanche material from Mt Menoreh [7]. 

This situation shows that the susceptibility of landslide is very high especially with type rock fall and 

flash flood. On the other hand, anual rainfall in this area is very high (2252-3627 mm/year). Landslide 

in Borobudur could trigger by rainfall and tectonic activity. 

 

Conclusions 

The main geohazard in Borobudur temple and its surrounding is volcano eruption, earthquake, and 

landslide. The conclusions of the paper are; 

a. Volcanic eruption was occurred in many time especially from Mt Merapi with pyroclastic fall 

and ash. The volcano material could damage temple material and structure. Other volcanoes 

also have same disaster potential.  

b. Base on fault mapping, it was clear that tectonic activity has potential to destroy Borobudur.  

c. Landslide is trigger by geologic and hydrological condition. In Borobudur and surrounding has 

potential severe by landslide which was triggered by rainfall and tectonic activity.      

d. Temple protection from disaster is important because Borobodur located in the vulnerability 

area.  
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