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Foreword 
 

 

A thousand years ago, Yogyakarta was the center of ancient Mataram Kingdom which 
was prosperous and high civilized. This kingdom built Borobudur Temple Temple which 
was the biggest Buddhist temple in the world, 300 years before Angkor Wat in Cambodia. 
Some other relics are Prambanan Temple, Queen Boko Palace, and dozens of other 
temples scattered throughout Yogyakarta. 

 

Just like its cultural history, Yogyakarta also has a long disaster history since ancient 
Mataram. It has been proved by the finding of buried temples and other ancient site 
remnants. In 2006, a 6.3 magnitude earthquake and maximum intensity of IX 
(Destructive) on the Mendeleyev-sponheuer-Karnik scale occurred in Yogyakarta. It 
caused 5.700 deaths and 37.000 injuries and financial loses. Now Yogyakarta has BPBD 
in province and county level for disaster management. Based on the record, Yogyakarta 
has proved as a resilience province and has been acknowledged nationally and 
internationally. 

 

It will be a decade of 2006 Yogyakarta earthquake soon. We believe Jogja Earthquake 
Reflection will provide an excellent opportunity for earthquake and geotechnical 
engineers, geologists and seismologists, consulting engineers, public and private 
contractors, city and national authorities, and all those involved with engineering works 
and research related to earthquake, to exchange ideas and present their recent 
experience and developments. 

 

With your active participation in the Jogja Earthquake Reflection, this coming conference 
will also be a successful event where you will be professionally rewarded and at the 
same time you will enjoy Yogyakarta’s stunning natural and cultural beauty. 
 

I look forward to welcoming you to Yogyakarta – in May 2016. 
 
 

 

Chairman Committee, 
 
 
 
 

 

Dr. Ir. C. Prasetyadi, M.Sc. 
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Volcano-Tectonics Controlling the Damages of Collapsing Temples in Yogyakarta Special 

Region 
Sri Mulyaningsih, Geological Dept., Faculty of Mineral Technology, Institut Sains & Teknologi AKPRIND 

Yogyakarta; sri_m@akprind.ac.id. 

 
 

Abstract 
 

Yogyakarta is located on lower to upper flank of distal to 

proximal Merapi Volcano. This area was recorded more 

than 180 buried temples. The most temples were covered 

by volcanic materials in 1.5 – 10 m thickness, composed by 

lahars and some layers of pyroclastic ashes. During the 

excavations, the temples floors were usually severely to 

moderately dissect. Some of the temples, such in Plaosan, 

Kedulan, Klodangan and Gampingan Temples are found 

wavy ground, even the reconstructions been finished. 

During an earthquake of 27 May 2006, those sites were 

moderately to deeply damage. Most constructions and 

public facilities were malfunction. Volcanism and 

tectonism have been controlling geology of Yogyakarta 

region, generating lahars, cloud surges and earthquakes; 

burying, collapsing and damaging constructions in every-

where, periodically. The disasters are potentially going to 

repeat in every 50-150 years’ time duration, so that early 

warning education about the hazards is necessary. 

  

Keywords: activity, volcanic, tectonics, damage, zone, and 

earthquake 

 

Introduction 
 

Yogyakarta is a very fertile area, located in lower to upper 

flank of Merapi Volcano. Its condition has supported the 

culture time by time. Hundreds Hindhu-Buddhist temples 

were accidentally identified since colonial; i.e Prambanan, 

Boko Palace, Sari, Sambisari, Plaosan, etc. Most of them 

were brocken and buried by volcanic materials, in time of 

the foundings. Now, most larger temples are looked well, 

and come to be main tourism destination in this area. Most 

smaller temples are still buried by volcanic deposits, i.e. 

pyroclastic density currents and lahars. For eksample: 

during the excavations of Kedulan Temple, its foundation 

is bumpying appearance, and having cracks within specific 

oriented in their building materials. The data indicates that 

in the past had also occurred geological disasters, which not 

only by volcanic eruptions, but also earthquakes. As we 

know, later giant earthquake happened in 27 May 2006, 

accompanied with Merapi eruption period on 2005-2007. In 

west of Sleman, near Rewulu-Gamping-Godean, western 

side of Yogyakarta Region, there are very large boulders of 

old Merapi (1-2.5 m diameters). During the activities, 

Merapi was not having giant catastrophe eruption trigered 

by caldera system, such as Krakatau or Tambora; there has 

not thick pumicitic outcrops, like as both other volcanous. 

Based on the foundings of larger boulders of Old Merapi, 

exposing at Rewulu, the bumpy temple foundations, and  

reccorded earthquake of 27 May 2006; beside volcanic 

disasters, there were earthquakes shocked Yogyakarta, 

periodically. 

Research on buried Hindu-Buddhist temples in Yogyakarta 

and Central Java, which discusses palaeo-disasters, cultural 

and archaeological had a lot to do (Mulyaningsih, 2006; 

Mulyaningsih et. al., 2006; Soekmono, 1995; Degroot, 

2009; Sedyawati, et.al., 2013). These studies are usually 

associated with volcanic activity of Merapi. Tectonics 

discussion was foccused on Tertiarry geological region. 

Aim of this paper is to identify potential geological 

disasters took place in Yogyakarta during historical time; 

including volcanism and tectonism. The problem is 

approached using uniformitarianism concept, i.e. the 

present is the key to the past, and is the key to predict the 

future. Study area is located within the temples and their 

surroundings of Kedulan, Morangan, Plaosan, Kadisoko, 

Gampingan and Klodangan (Figure 1). Those temples were 

cultural relics from 8-10 century.  

 

Data and Method 
 

Volcano-stratigraphy, geometry and geomorphology of the 

temples, and general direction of the collapsing are used to 

identify the disasters; when, how many and how intens. All 

data are sintesized using deduction-induction approach-

ment. Stratigraphic data was collected in the form of 

lithological profiles, measured along rivers’ walls, burying 

materials within the temples, and gullyings. Those data was 

analyzed to find geomorphological changes indications. 

Geometries of artifacts and geomorphologies of floor 

 

Figure 1. Locatons of the study area (base map is part of 
Yogyakarta Map, proposed by Yogyakarta Province 

Goverment, unpublished). 
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temples are perposed to reconstruct the collapsing temples 

and the main trigers. 

Volcanostratigraphic data is used to interpret volcanic 

catastrophes that possibly burying the temples, geomor-

phology of floor temples is used to identify any natural or 

arificial shocks that were collapsing the temples.  Natural 

shocks will be interpreted as endogenic forces that had 

caused earthquakes, artificial shocks related with man 

made, probably by wars or cultural transformation. 

Volcanic deposits that can be interpret were catasthophe 

implications should be deposited quickly in large volume, 

or if less volume should be in high pressure and high 

temperature. Those were pyroclastic density currents and / 

or lahars (debris flows). The deposits are characterized by 

antidune or dune structures, low grains but high ashes / 

lapillis, poor sorted, composed by volcanic materials, 

cultivations’ remain fragments and charcoals. 

Buildings collapsed by tectonism (such as earthquacke) 

should be wavy morphology in lower floors or foundations. 

Data to interpret historical-earthquakes include main 

direction of falling temple stones, strike/dips of the 

materials of temple foundations, and the stratigraphic 

profiles of the burial deposits, study of paleosols below the 

buildings and the distribution of paleosols’ layer. 

 

Result and Discussion 

Morangan Temple (Figure 2), geomorphologically located 

in upper flank of Merapi Volcano, medial facies, having 

slope about 9O; near Gendol River (50 m to the west), and 

as far as 14km from Merapi’s crater to the south. The 

temple’s foundation has not been exposed yet, so far, the 

excavation process has reached top of the roof of building 

only. Lithology of the area consists of pyroclastic density 

currents, medial to proximal lahars, and fluvio-volcanics in 

four sequences (Figure 3). Each sequence is separated by 

unconformably boundary in the form of field erosions.  

 

 

Main direction of falling temple stones and strike/dips of 

the temple stones tend to the east; but in detail 

measurement, some stone temples are also falls to the 

south, southwest and southeast (Figure 4). Gendol River is 

located 100 m east of the temple. When Merapi erupting,  

pyroclastic flows and lahars usually fill these valley, such 

as the eruption of 2010. It was pyroclastic density currents 

reached this location through Gendol River followed by 

lahars more than 150m thickness. Lower flows had surged 

 
Figure 3. Stratigraphic profile of Morangan Temple and its 
surroundings areas. 

Figure 2. Top remains of Morangan Temple, most buildings 

are still buried by Merapi volcanic materials. 
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the lower building temple from the east, so that upper 

building tend to steeping to the east. 

 

Kadisoko Temple (Figure 5) is geomorphologically located 

in medial facies of Merapi Volcano, approximately within 

22 km to the south of the summit; locally it is located 100m 

to the west of Kuning River. Archaeological data about the 

temple building is not widely known, but based on the 

volcanostratigraphy data, known that the temple is a very 

old building, which should have been around since the first 

century (Figure 6). 

 

The whole building of Kadisoko Temple is seen buried by 

volcanic materials. However, based on the shape of stones 

at the corners of building, there were pedestals holding the 

building’s poles. It looks like the top of the temple was 

built using woods. The temple piles are seen slightly 

bumpy, only a few was disappear during the excavation. 

Northern side of the buried materials is dominated by 

pyroclastic density currents; seem that the temple was 

possibly surged by Merapi volcanic eruption. Earthquake 

might disorganize this area, but the building was already 

buried since 1445+/-40 yBP (5-6th century). 

The trigering collapse is nothing to be interpret, because 

generally the temple stones are still riding solid on the 

original building. 

 

Kedulan Temple (Figure 7) is located about 19 km to the 

south of the peak of Merapi Volcano, and 50m to the east 

of Tepus River. The temple has 12 buildings, including 10 

perwaras and 2 main buildings.  

 

 

Figure 7. Base of Kedulan Temple is looked deeply undulated, 

probably caused by shocks of earthquakes in many times. 

Figure 6. Stratigraphic profile of Kadisoko Temple (red 

pentagon is the temple’s symbol, red curvature is ceramics) 

 

Figure 5. Kedulan Temple; its foundation is looked 

slightly surging  

 

Figure 4. General direction of the collapsing 

Morangan Temple; collapsed to the east. 
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Lower floors of the temple are not discovered yet, because 

the excavation is still on going until now. The main 

buildings were buried by three sequences of pyroclastic 

density currents and lahars; some of them having 

fluviovolcanic deposits that can be interpreted as distal 

lahars (Figure 8). 

The lower ground of main building is seen deeply 

undulated; while the upper ground is deeply deformed. 

Complex of Kadisoko Temple must be having more than 

one floor, such as other large temple buildings of Plaosan, 

Prambanan and Sambisari. There fore, the temple yard that 

already exposed has an other yard in the front and back 

yard of the main temple that still buried by the older 

volcanic sequences. 

 

General direction of Kedulan Temple was collapsed to the 

east (Figure 9). There is stalk and stem of palm tree that 

exposed on the north of main building. The stem is 

standing on paleosol layer; the content charcoals in it 

having an age of 740+/-50 yBP, while the stem having an 

age of 680+/-100 yBP. Both are calibrated in AD year 

having absolutely dates in range of 1285 and 1390 AD. The 

deposits covering back yard, which located on the south 

main building, are pyroclastic density currents covering 

lower paleosol layer. It riches charcoals having an age of 

1170+/-100 yBP (780-870 AD). A yoni is also grounding 

in the paleosol. 

Plaosan Temple (Figure 10) is located in the east corner of 

Yogyakarta region. The temple is administratively standing 

on Klaten Regency, Central Java Province. There are two 

main buildings, called as North Plaosan and South Plaosan. 

North Plaosan has been reconstructed, while South Plaosan 

is still on going reconstructed. Western outside fence of 

North Plaosan is found in about 200 m to the west of the 

temple. This fence was buried by volcanic ash materials in 

5-7 m total thickness, consisting of lahars and ash cloud 

surges. Ceramic fragments are found in the lower layers of 

lahars ride on lower paleosol, correlated to stratigraphic 

profile of Figure 11, the age of paleosol is 1070+/-80 yBP. 

Fence foundation lies on the paleosol, but the certainty age 

of the deposit have not been observed yet. 

 

 

 

Figure 10. South Plaosan Temple; the ground building is seen 

moderately to deeply undulated. 

 

Figure 9. The main direction of collapsing temple is to the east. 

 

 

Figure 8. Stratigraphic profile of Kedulan Temple; consists 

of pyroclastic density currents and medial-proximal lahars. 
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No dating data have been done for the deposits covering the 

fences. Correlated to the stratigraphic profile taken from 

Kedulan and the profile taken from the outcrop located 400 

m northeast from the temple, and the result of reading the 

inscription found in the temple, known that the temple was 

built in 8-9 centuries by King Panangkaran, as a gift for his 

wife Queen Pramodhawardani. As far as the excavation of 

South Plaosan, it is known that the floor is buried by ash 

fall deposits in many layers. Total thickness for the burial 

volcanic ash is 1.5 m; each layer has 15-40 cm thickness. 

Almost all the deposits have been cleared when the 

excavation in progress.  

Stratigraphic profile (Figure 11) shows 4 sequences of 

volcanic deposits, having ages of 1760+/-80 yBP 

(pyroclastic density currents and lahars), 1070+/-80 yBP 

(pyroclastic density currents and lahars), 640+/-80 yBP 

(pyroclastic density currents and lahars) and lahars of 

370+/-70 yBP. It can be interpret Merapi Volcano has 

erupted explosively 4 times deposited ashes reached the 

temple and pyroclastic density currents and lahars 

transported along the river around the temple. 

 

Based on the measurement of the collapsed temples, results 

the temple was relatively collapsed toward to southwest 

(Figure 12). However, the temple also scattered collapsed 

towards the east and randomly to north-northeast. 

Strike/dips of the stones arranging the floor temple, the dips 

are to the southwest, northeast and east. So, notch of falling 

rock temples which originally construct the temple walls to 

the direction of temple floor strike/dips is not much 

different. Ashes above the temple floor were not able to 

collapsing the temple, but earthquakes might trigger the 

damage. Furthermore, due to the transformation of religion, 

society was no longer willing to fix it. 

 

Gampingan Temple (Figure 13) is located on Merapi distal 

facies, about 300m to the east of Kuning River. The temple 

has a main building and 2 perwaras, located on back yard 

of the main building. Its ground temple (foundation) is seen 

deformed to the east. Yoni that should stand on lingga 

located in the central main building, was not occured, but 

the building has a lingga in 

it.

 

Stratigraphic profile was taken from the surrounding area 

of the temple. The data is correlated with deposits buried 

Klodangan Temple. Data correlation shows the temple was 

buried by distal lahars in many times (Figure 14). Paleosol 

layer is also occurred above the temple floor, there were 3 

sequences of distal lahars surging the temple.  

 

Figure 13. Gampingan Temple; the temple foundation 

is looked slightly to moderately undulated  

 

Figure 12. Main direction of the collapsing temple was 

to the southwest. 

 

Figure 11. Stratigraphic profile of the surroundings areas of 

Plaosan Temple 400m to the northeast; consists of some 

pyroclastic density currents and lahars. 
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Analysis toward the falls of the temple stones was known 

that the general direction of rock falls is to the southwest. 

Strike/dips analysis of temple stones that make up the floor 

of the temple, are also known that floor seems bumpy, as a 

result of shocks by the earthquake (Figure 15). 

 

Klodangan Temple is located not too far from Gampingan 

Temple; it is about 1.5 km to the north. Klodangan Temple 

has 2 main buildings that constructed with pumice rocks of 

Semilir Formation as building materials. It was buried by 3 

sequences of distal lahars (Figure 14). Ground temples are 

located within erosion plane of ashy fluviovolcanic 

materials. The ground temples are covered by sandy fluvial 

deposits that characterized by very loose materials, well 

sorted, and laminated to cross laminated intersecting with 

very fine ash deposits. Top of the deposits has weathered 

become soil to form paleosol. The paleosol layer is covered 

by compacted coarse lahars. Total thickness of the deposit 

is 2.5-3 m (Figure 16). Main direction of the collapsing 

temple is north to south, some of them have randomly to 

west and northeast (Figure 17). 

 

 
 

Mulyaningsih et al (2006) reported that based on the 

analysis of volcano-stratigraphy is known that periods of 

active Merapi took place in 1-3 centuries, 5-10 centuries, 

12-15 centuries, and 16-17 centuries. But on the activities 

that took place on 12-15th centuries, intensity of Merapi 

activity was increased, and able to drain Borobudur Palaeo-

Lake. Based on above data resulting during research study, 

known that volcanic material deposits; consist of 

pyroclastic density currents and lahars, had influenced to 

the collapsing of those temples.  

During the study, it found 3-5 sequences of volcanic 

deposits, which triggering disasters. The disasters reached 

19-22 km from the summit; surging pyroclastic density 

current (PDC) and lahars. Those were 1445+/-50 yBP 

surging PDC, (2) 1175+/-50 yBP surging PDC and lahars, 

(3) 1070+/-45 yBP surging PDC, (4) 740+/-50 yBP surging 

 

Figure 17. Main direction of the collapsing Klodangan 

Temple was to the north and southeast. 

 

Figure 16. Klodangan Temple, buried by lahars and 

fluviovolcanic as seen in Figure 14. 

 

Figure 15. Main direction of the collapsing Gampingan 

Temple was to the southwest. 

 

Figure 14. Stratigraphic profile of Klodangan and Gampingan 

Temple; consists of distal lahars. 
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PDC and lahars, and 370+/-50 yBP surging PDC and 

lahars. So that large volcanic disasters attack to the study 

area once in 100-300 years’ time duration. 

All of those volcanic deposits had crashed to the buildings, 

but those were not totally collapsed. Renovations and 

restorations had improved soon after the disasters passed, 

then the buildings be used as previously done. Backyard of 

southern part of Kedulan Temple is covered by 1175+/-50 

yBP PDC. It can be interpret that the yard was left buried in 

1175 YBP. By religion transformation from Mahayana 

Buddhist to Hindu, the northern part was reconstructed and 

converted into Hinduism Temple; 2 linggas are found in 

northern temple. That is also found in Plaosan Temple; 

north is Mahayana Buddhist and south is Hinduism. 

Most researchers mentioned that temples in the southern 

side of Merapi volcano are relic of ancient Mataram 

Kingdom (8-10 century), whose funeral took place in 

several stages until slowly crumbling (Soekmono, 1995; 

Sedyawati et.al., 2013). Mulyaningsih (2005; 2006) 

mentioned that temples have stood before 200 AD, before 

600 AD, and mostly before 882 AD to before the year of 

1252-1285 AD.  

Based on the results of study, temples were collapsing in 

different time and mechanism. Klodangan Temple was 

collapse to the north-south directions; Plaosan Temple was 

collapsed to the west, the temples of Gampingan and 

Kedulan were collapsed to the east. Most of them were 

collapsed faced to the rivers around them. Volcanic 

deposits overflowed to the cultivation as far as the temple 

buildings, hit them and some had damaged. However, most 

of the temple floors are bumpy, so that on the other time 

earthquakes were also bumping the floors, shaking them 

repeatedly.  

At the times, the temples might have not fully collapsed. 

After the coming of Islam in 15th century, local people no 

longer use the buildings as a temple of worship, so those 

were abandoned. The temples were no longer being treated, 

so that when hit by volcanic materials, then shocked by 

earthquakes, there were no community efforts to rebuild 

and no longer noticed. As a result, the damage and the 

collapse were not inevitable, accompanied by burial. 

Referring to Murwanto et. al (2014), based on their 

research located in west of Merapi Volcano, i.e. Paleo-Lake 

of Borobudur near Borobudur Temple, the shallowing Lake 

Borobudur was caused by tectonic activity which resulted 

rifting and faulting which in turn triggered landslides. 

Conclusions  

Yogyakarta is a region that time by time has potential 

disasters, coming from the eruptions of Merapi Volcano, 

secondary disasters of lahars of Merapi, and by 

earthquakes. Those disasters have periodically taken place. 

Most of geological disasters has been able to be solved by 

the people of Yogyakarta, but due to cultural 

transformations led to the building of temples located in 

this region were left broken and buried by volcanic 

materials. This research is very important to be developed, 

in order learning for early warning of geological disasters 

may reduce the impacts of damages and losses incurred. 
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