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Abstract 

According to Shearer and Ashmore (1979), resistivity detector is a kind of instrument 
which is used on archeological site ground reconnaissance. However, Shearer and Ashmore 
(1979) stated that resistivity detector was not widely used in the past because it more time 
consuming and less successful than magnetometer. Nowadays resistivity detector method is 
starting to be applied commonly in archeological ground reconnaissance due to the advancing of 
the new technique. The technique is called ERT or electrical resistivity tomography. ERT Survey 
took place in the peak of Gunungsari Hill. Gunungsari Hill administratively was located in 
Salam District, near Muntilan City. Salam District is a part of Magelang Regency, Central Java 
Province. This survey’s main purpose was to discover the missing part of the temple ruin that 
was suspected below the temple area’s ground. 

This research consists of several steps such as litterateur study and field observation, ERT 
survey, ERT data processing, and then ERT data interpretation and buried objects identification. 
ERT survey used Wenner Schlumberger array, an electrode configuration which has good 
vertical and horizontal coverage but it also has vertical and horizontal distortion. Processing ERT 
data in this research was carried out by X2IPI and Res2DInv software. Data interpretation was 
conducted by considering about Gunungsari Hill archeology, culture, history, geomorphology, 
geology, hydrogeology, geophysical characteristic, and also distortion effect of used array. 

ERT survey can provide a subsurface map that contains information about both of 
horizontal and vertical location of buried objects. ERT survey is also easy to be conducted and 
also it has good precision if the interpreter knew much about the survey area characteristics. ERT 
survey result on Gunungsari Hill provides information that there are 11 buried andesitic 
materials those are strongly suspected as buried temple parts. They are located from just few 
centimeters to a half mater below the surface 
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1. Introduction 

According to Shearer and Ashmore (1979), resistivity detector is a kind of 

instrument that is used on archeological site ground reconnaissance. Resistivity detector 

measures the differences in the ability of subsurface features to conduct electricity that is 

called resistivity. The survey for measuring resistivity in archeology was conducted by 

using four electrodes that was arranged in line (Shearer and Ashmore, 1979). The outer 

pair of electrodes was used for injecting electricity then the inner pair of electrodes was 

used for measuring voltage. Moisture gives soils less resistivity value, while solid 

features such as wall or floor has higher resistivity value. However, Shearer and Ashmore 

(1979) stated that resistivity detector was not widely used in the past because more time 

consuming and less successful than magnetometer. 

Nowadays resistivity detector method is starting to be applied commonly in 

archeological ground reconnaissance due to the advancing of the new technique. The 

technique is called ERT or electrical resistivity tomography. ERT doesn’t just use four 

electrodes like the earlier technique but it uses more than four electrodes that arranged in 

line (Loke, 2000). Each electrode injects and measures electricity commutatively. It also 

has the same fundamental concept with the earlier technique, but it has different output. 

The output of ERT is subsurface resistivity map which could show the vertical and 

horizontal position of buried object exactly if it was interpreted correctly. 

    

 Figure 1.1 Electrical resistivity Tomography Survey on Gunungsari Hill’s peak. 



ERT Survey took place in the peak of Gunungsari Hill. Gunungsari Hill 

administratively was located in Salam District, near Muntilan City. Salam District is a 

part of Magelang Regency, Central Java Province. On the peak of Gunungsari Hill, there 

is temple ruin that has not finished yet in reconstruction because some of the temple parts 

are missing. This survey’s main purpose was to discover the missing part of the temple 

ruin that was suspected below the temple area’s ground. 

 

2. Methodology 

1. Research Method 

 

 

This research consists of several steps. Figure 2.1 shows the flow chart of this 

research methodology. Litterateur study and field observation were the first step in 

this research. Litterateur study was conducted for identify geomorphology, geological 

formation, hydrogeology, history and culture, and estimate the geological 

characteristic of Gunungsari Hill. Survey and observation on the field was conducted 

Figure 2.1 Flowchart of research method. 



for identify geological structure and find the location for ERT survey. ERT data 

survey was processed on computer to create a pseudossection or subsurface resistivity 

map. Interpretation of subsurface resistivity map was conducted by correlating the 

ERT location characteristic (including archeology feature, geology, geomorphology, 

also hydrogeological characteristics) with the subsurface resistivity map. 

 

2. ERT Survey Array 

Array or electrode configuration is important factor in ERT. Arrange both of 

current and potential electrodes in certain configuration mean inject electricity in 

certain depth. There are several arrays in ERT such as Wenner Alpha, Wenner Beta, 

Wenner Schlumberger, Double Dipole, etc. Each array has advantages and 

disadvantages, so ERT array choosing is refers to the survey purpose. This survey 

used Wenner Schlumberger array because Wenner array was thought to be the best 

array considering the distance of survey line. Figure 2.2 displays the ERT survey 

within Wenner Schlumberger array. 

 

 

Wenner Schlumberger array is a unique array. It is a hybrid of Wenner array and 

Schlumberger array (Pazdirek and Blaha, 1996). Because it originally consists of two 

arrays, it has two values of geometric factor (k). Formula to calculate two geometric 

factor (k) values of Wenner Schlumberger are:  

Figure 2.2 Electrical Resistivity Tomography Survey within Wenner Schlumberger array. 



k = 2 ………………………………………… (1) Wenner, 

k = ………………………………………… (2) Schlumberger, 

where: 

k : geometric factor, 

a : distance between potential electrodes, 

L : distance between current electrodes, 

Some characteristic of Wenner Schlumberger were described by Loke (2000). 

According to Loke (2000), Wenner Schlumberger has 10% greater depth coverage 

than Wenner array in same survey line distance. Wenner Schlumberger array has 

medium both of horizontal and vertical sensitivity and its signal strength is smaller 

than Wenner array but higher than Double Dipole array. However it has vertical and 

horizontal distortion in representing objects through resistivity value distribution 

pattern. 

        

3. ERT Data Processing 

ERT data processing was conducted by using X2IPI and Res2DInv software. 

X2IPI was used for inputting tool resistivity data (tool rho). It also was used for 

converting tool rho data to apparent resistivity data (rho a). Rho a data processed in 

Res2DInv software to make it become true resistivity data or the resistivity value that 

represent the true subsurface material resistivity in the field where the survey took 

place. Figure 2.3 shows the steps of ERT data processing. On Res2DInv, the progress 

to make rho a data into true rho data is not an instant progress. Converting rho a data 

into true rho data must pass inversion process. Least Square Inversion method was 

used for converting rho a data into true rho data. Least Square Inversion is a method 

to find the best representative curve which the sum square of the residual has the 

minimum value (Roy, 2008). Jacobian matrix calculation and robust constrain options 

was applied to the resistivity data in order to make a good model with sharp edge and 

low RMS error on resistivity model. Good pseudosection result from data processing 



can be obtained from a series of RMS error fitting and trimming process. Generally 

first pseudosection result from data processing has high RMS error percentage. It’s 

  

 

caused from the present of bad data points on data set that have unreasonable 

resistivity value. Trimming and bad data point extermination was conducted to detect 

and remove bad data points that contributed high noise in resistivity data set.  

 

3. Gunungsari Hill Cultural and Physical Characteristics 

a. Archeology, Culture, and History of the Temple on the Peak of Gunungsari Hill 

Gunungsari Temple is a temple located on the peak of Gunungsari Hill. It is a 

Hinduism Temple. There are two evidences that strengthen the first statement such as 

the present of specific temple structure called Lingga-Yoni, and also the absence of 

Budha Gautama Statue that always represents the temple as Buddhist Temple. Most 

Figure 2.3 Flowchart of processing ERT data. 



of temples around Central Java are usually associated to Hinduism and Buddhist 

because their societies are the ones who built most of the temples. If a temple is not 

Hinduism temple, it can be stated as a Buddhist temple and vice versa. 

Reconstruction of Gunungsari Temple still in progress so it’s hard to state the true 

type of the temple, Hinduism or Buddhist. 

Gunungsari Temple area consists of one main temple area constructed with 

andesitic rocks and it’s surrounded by wall made from bricks within a large size. 

There were three main reason of why the temple constructed in the peak of the hill. 

The first reason was as high a temple be built, as close it to God. The next reason was 

related to construction method, some archeologist said that there are several temples 

that were built on a hill in order to strengthen the temple foundation. The Last reason 

was based on historical condition on that time; the temple was built on a high place as 

a fort for enemies attack protection. 

 

 

History of Hinduism and Buddhist civilization in Central Java is related to the last 

reason of why there were temples those be built on the peak of the hill. Hinduism and 

Buddhist civilization lived in Central Java under ancient Mataram Kingdom, a great 

Kingdom of Hinduism-Buddhist civilization. Ancient Mataram Kingdom ruled 

southern part of Central Java from about 8th-11th century. During that time there were 

many Buddhist or Hinduism temples be built on the southern part of Central Java. 

The role of Ancient Mataram Kingdom in the southern part of Central Java finished 

after an event called Pralaya (Andreastuti, 2006). The word Pralaya found on two 

inscriptions, Pucangan Inscription and Calcutta Inscriptions. Those inscriptions 

Figure 3.1 Lingga and main temple building that hasn’t finished yet in reconstruction. 



describe that Pralaya which was dated on 938 Caka or 1047 AD was King Wura-

Wari’s attack to the Ancient Mataram Kingdom. During the time of Wura-Wari’s 

attack, may be some of Ancient Mataram Kingdom’s people defend their self by 

building fort on the hill.        

 

b. Geomorphology and Geological Setting Arround Gunungsari Hill          

Gunungsari Hill is an isolated hill that is surrounded by alluvium plain. 

Gunungsari Hill was formed in line with Gunungpring Hill, Gendol Hill, 

Gununglemah Hill, Gunungtugel Hill, Gunungpuguhan Hill, Gununglempong Hill, 

and Gunung Tegal Hill. Both of Gunungsari Hill and Gunungpring Hill were 

separated each other but for another mentioned hills, they were located nearby. 

Gunungsari Hill’s peak elevation is 413 m above sea level. Bemmelen (1970) said 

that elevation of Gunungsari Hill from alluvial plain surround is 80 m. Gunungsari 

Hill located on the plain between Blongkeng and Putih River. 

 

 

Geomorphological history of Gunungsari Hill till now is still a controversy. 

Bemmelen (1970) a Dutch Geologist said that a cataclysmic eruption of Merapi 

Figure 3.2 Topographic map of Gunungsari Hill. 



Volcano on the northeast of Gunungsari Hill was the main cause of Gunungsari Hill 

forming. Bemmelen stated that Merapi Volcano eruption power made great mass 

sliding of southwestern part of Merapi Volcano slope. When the great mass of 

southwestern Merapi Volcano slope was hitting the Menoreh Hill base rock slope, 

that great amount of mass folded. The folded mass for now appears as Gunungsari 

Hill and other hill in line with it. Unfortunately, recent research conducted by 

Mulyaningsih (2006) and Zen (2006) didn’t find any geological evidence to 

strengthen the Bemmelen’s theory. Both of Zen (2006) and Mulyaniningsih (2006) 

stated that Bemmelen’s theory may be true if there was a thick layer of 

volcanoclastics material laid beneath Merapi Volcano area. Differently Andreastuti 

(2006) stated that actually Merapi Volcano never erupts in paroxysmal eruption; 

because there is no inscription which told and described about such kind of disaster.    

 

 

Geological structure of Gunungsari Hill was known from geological survey that 

was conducted in all around Gunungsari Hill. About more than 20 locations surveyed 

and about a quarter of those locations are outcrops. From those outcrops, dip and 

Strike measured. Based on the measurement result, Gunungsari Hill is an anticline 

with has dominant strike azimuth in N 85 E. Dip values are vary from 2° to 28°. 

Various value of dip in Gunungsari Hill means that Gunungsari Hill has asymmetric 

bedding structure. 

 

 

Figure 3.3 Geologic structure of Gunungsari Hill measurement. 



    

 

Geological formation information of Gunungsari Hill based on geological survey, 

Bemmelen (1970), and Rahardjo (1995). Gunungsari Hill was formed from Old 

Merapi Volcano Deposits Formation that consists of breccias, agglomerates, lava 

flow and basalt with olivine (Rahardjo, 1995). Bemmelen (1970) further described 

about the rock mineralogy of Gunungsari Hill. The main minerals those formed rocks 

in Old Merapi Volcano Deposits consist of augites, hypersthenes, and hornblendes. 

Based on geological survey, stratigraphy of Gunungsari Hill arranged within sand and 

clay in the first layer followed by agglomerate layer with thin volcanoclastics material 

intercalation. The next layer is very thick breccias layer that ended by sandstone layer 

on the lowest part of Gunungsari Hill. Breccias and agglomerates seems like have no 

solid and strong structure because they are easy to be broke apart and also they were 

weathered in some outcrops.  

 

c. Hydrogeological Condition of Gunungsari Hill 

Hydrogeological condition of Gunungsari Hill was identified from well head 

survey (phreatic water table survey) and Djaeni (1982). The result of well head 

Figure 3.4 Regional geology of Gunungsari Hill (Gunungsari Hill is on red circle), Merapi 
Volcano on the northeast flank and Menoreh Hill on the southwest flank.  



survey represents a fact that Gunungsari Hill material is a barrier of groundwater 

flow. Aquifer condition of Gunungsari Hill is anisotropy aquifer, because the lowest 

slope of Gunungsari Hill has shallow phreatic water table but water table not present 

in just several meters from the area where the water table present. Djaeni (1982) 

categorized Gunungsari Hill into rare groundwater area because groundwater not 

presents on it.  

There are two main reasons why ground water not presents in Gunungsari Hill. 

Massive geological material below Gunungsari Hill is the first reason why 

groundwater not presents in Gunungsari Hill. Massive geological material could be 

identified from groundwater flow which avoids to flow through Gunungsari Hill. 

Another reason why no groundwater presents is the surface materials of Gunungsari 

Hill and its structure. Rainfall can infiltrate through sand layer but there is clay layer 

that blockades water to percolate deeply. Anticline structure with steep enough dip 

angle formed steep topographical feature which weaken the rainfall capability to 

infiltrate. Infiltrate water can’t percolate due to clay layer blockade so it will flow 

according to clay layer bedding which directed it to flow away from Gunungsari Hill. 

 

 

 

Water contains on the surface soils was assumed to the lowest level because the 

survey took place nearly on the end of dry season. Water contains should be 

considered because it can dramatically change the resistivity value of materials when 

it fills the pores or fractures on the materials. Water contains on soils also affect the 

Figure 3.5 Hydrogeological Map of Gunungsari Hill (Gunungsari Hill is on red circle) 
and ground layer of  Gunungsari Hill which is an aquitard.  



polarization of resistivity distribution especially on structured materials like 

Gunungsari Hill materials. 

      

d. Geophysical Characteristics Estimation of Gunungsari Hill’s Materials               

Gunungsari Hill’s stratigraphy consists of sand and clay material, agglomerates 

with volcanoclastics intercalation, breccias, and sand stone. Each of that material has 

different resistivity characteristic. Estimation of the materials resistivity will make the 

interpretation of resistivity data easier. Commonly, ground consists of five kinds of 

material such as soils, water, igneous rocks, sedimentary rocks, and metamorphic 

rocks. Igneous rock and Metamorphic Rock typically have high resistivity value 

because they have compact and solid rock structure. That kind of characteristic makes 

 

 

them hard to be weathered so there will be no fracture or may be just very few 

fractures in them. The fracture will greatly affect the resistivity characteristic of a 

material when water fills the fracture (Milsom, 2003). Sedimentary rock typically has 

Figure 3.6 Fractures on Gunungsari Hill those can influence the layer resistivity value  



lower resistivity value than igneous rock and metamorphic rock because it has 

fractures. Sometimes sedimentary has very high resistivity value, but it just occurs 

when the rock lies deeply below surface. Soils resistivity characteristic depends on 

the amount of clay material contain. As much clay contain in soil, as lower the value 

of the soils would be. Water commonly has medium resistivity value. Water also can 

highly influence the resistivity value of other material when it fills the materials pores 

or fractures. In certain condition water could has very low resistivity value such as 

when chemical pollutant or chemical salt is dissolved on the water.   

Based on the archeology of the temple; the materials of the temple were mainly 

consist of andesitic rocks. Andesitic rock is an igneous rock which has high resistivity 

value so the material that has a high resistivity value could be supposed as the buried 

temple parts. Stratigraphy of Gunungsari Hill that consists of sedimentary rocks and 

soils represent a lower resistivity characteristic than buried temple parts. There is no 

water presence on Gunungsari Hill so the resistivity value would not be interrupted 

with water presence. 

 

 

 

Figure 3.7 Materials resistivity value for interpreting subsurface resistivity map or 
pseudosection (Loke, 2000).  



Gunungsari Hill’s material resistivity characteristic estimation referred from Loke 

(2000). Andesitic was associated with basalt so it may has resistivity value for about 

103 Ωm. Breccias and agglomerates have weak structure. The weak structure caused 

fractures on them after they were folded. The fractures on them could be filled by 

clay or intercalated volcanoclastics materials that caused them to have lower 

resistivity value. Based on that condition, they could have same resistivity value with 

sandstone which also has weak structure so their resistivity value may be about 4 to 

400 Ωm. Sand, clay, and intercalated volcanoclastic may be have lower resisitivity 

value than all materials mentioned before. The value of 1 to 100 Ωm is a reasonable 

value for their kinds of materials where 1 to 10 Ωm represents the value of clay and 

volcanoclastic, and then 10 to 100 Ωm represents the value of sand. 

 

4. Result and Discussion 

ERT survey was carried out on the peak of Gunungsari Hill within Wenner 

Schlumberger array. The length of ERT survey line was 44 meter, and it used 45 

electrodes. There are 161 quadripoles or data points were obtained from the ERT survey. 

The depth of the subsurface that was measured was 6.67 m. Figure 4.1 shows the 

apparent resistivity distribution below surface of ERT Survey on the peak of Gunungsari 

Hill. Apparent resistivity (rho a) pseudosection was obtained from ERT data input in 

X2IPI software. Based on that pseudosection, the upper section of pseudosection is 

dominated by low rho a value but the next layer there are some spots those have high rho 

a value. The middle layer has medium rho a value but it surrounded by high rho a value 

on the top of the middle layer and on the lower layer of middle layer bottom. According 

to the rho a value distribution pattern, possibly the buried temple parts are the spots that 

have high rho a value. It was laid beneath low rho a value layer. The middle section 

which has medium rho a value is an intercalation of low resistivity materials. 

Inversion was done by Res2DInv software on rho a data to obtain true resistivity 

data (true rho). Trimming process was applied on the first true rho pseudosection because 

it had very high percentage of RMS error. RMS error percentage of the first 

pseudosection was 24%. After some data points were trimmed, the error percentage de- 



i  

 

creased dramatically from 24% to 3.3%. Figure 4.2 shows the final true rho 

pseudosection after trimming process. According to figure 4.2, the true rho value 

distribution below surface just slightly different from rho a pseudosection. The left upper 

part of the pseudosection has very high true rho value while the right upper part has very 

low true rho value. The middle part of true rho pseudosection still has medium true rho 

value while the lower part has high true rho value. 

 

 

 

Interpretation of true rho psedusection was done based on archeology, culture, 

history, geology, geomorphology, hydrogeology, and estimated geophysics descriptions. 

Archeology, culture, and history give information about kind and shape of the temple 

Figure 4.2 Final pseudosection after trimming process on Res2DInv software that shows 
the distribution of true rho value below surface.  

Figure 4.1 Rho a pseudosection from ERT data processing on X2IPI software.  



parts those were buried. The kind of temple parts those were buried is andesitic material. 

The temple parts were buried in block form. The construction of the temple was mostly 

from andesitic material and also the wall parts of the temple those have block form are 

still missing right now so possibly they are buried. Andesitic materials commonly have 

very high resistivity value then the parts of true rho psedosection which have very true 

rho value could be suspected as the location of buried temple parts. The pattern of high 

true rho value spots those suspected as the location of buried temple part also must be 

blocky pattern because the buried objects possibly blocky object. Geomorphology and 

geological information describe that there is anticline structure on Gunungsari Hill. The 

anticline structure would make resistivity value prone to be distributed in line with the 

bedding structure. There was no groundwater present on the ERT section while the 

survey was conducted so the low true rho value was not influenced by water. Based on 

lithology of Gunungsari Hill which was obtained from geological survey, there is an 

intercalation of volcanocalstic materials in agglomerate layer. There are some fractures 

on the rock layer so the true rho value may be decreased because the fractures can 

contain clay or vulcanoclastic materials those have very low true rho value. The lithology 

order on the pseudosection based on lithology data from geological survey and true rho 

value pattern and distribution is clay and sand layer on the upper part, intercalated 

volcanoclastic on agglomerate layer on the middle part, and breccias layers on the lower 

part. 

According to figure 4.2 the upper left part of pseudosection has true rho value for 

more than 71.8 Ωm in some parts. The parts those have highest true rho value on the 

pseudosection were suspected as andesitic materials. Layer which has true rho value 23.7 

Ωm was interpreted as alluvium on the upper layer and as volcanoclastic on the middle 

layer. The values of 5.4 to 16.4 Ωm were interpreted as clay material. Breccias layer was 

interpreted on the parts those have true rho value of 34.3 to 49.6 Ωm. The pattern of true 

rho value distribution must be carefully interpreted considering what array that was used 

for survey. Each array represents distortion effect. Wenner array commonly represents 

horizontal distortion, Schlumberger array commonly represents slightly vertical 

distortion, and then Double Dipole array commonly represent very high vertical 

distortion. This research was used Wenner Schlumberger array for ERT survey. Wenner 



Schlumberger represents both of slightly horizontal and vertical distortion. Due to that 

kind of distortion, interpreting resistivity distribution pattern for identifying object within 

Wenner Schlumberger array must be conducted with considering the possibly shape of 

the investigated object. 

 

 

Buried temple parts were identified on the clay and sand layer. Figure 4.3 displays 

the subsurface map of investigated objects. It is the result of true rho pseudosection 

interpretation. According to figure 4.3, there are 11 andesitic materials those may be 

suspected as buried temple parts. They are laid about half meter below surface so 

excavation of the objects may be not difficult. Moreover, some objects are located just 

few centimeters below the surface. There is no material that could be suspected as buried 

temple part on the lower part of investigated section. 

 

5. Conclusion 

ERT survey is an effective method for investigating buried archeological site and 

objects. It can provide a subsurface map that contains information about both of 

horizontal and vertical location of buried objects. ERT survey is also easy to be 

conducted and also it has good precision if the interpreter knew much about the survey 

area physical characteristics. ERT survey result on Gunungsari Hill provides information 

Figure 4.3 Subsurface map of Gunungsari Hill from interpreted ERT Survey true rho data.  



that there are 11 buried andesitic materials those are strongly suspected as buried temple 

parts. They are located from just few centimeters to a half mater below the surface. 
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