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Abstract Assessment of rock mass quality was conducted to estimate the 

stability of Donan Cave. This research involved geological mapping, cave 
geometry mapping, rock mass quality zoning by scanline survey based on the 
Q-system rock mass classification, and cave stability estimation based on the 
rock mass quality, ratio of cave roof thickness to width, and load. The research 
results indicate that Donan Cave is composed of limestone of the Kalipucang 
Formation. Several faults are located in the vicinity of Donan Cave. Donan Cave 
is dominated by good to very good quality rock masses and is estimated to be 
stable in a relatively long period of time. However, rock fall hazard due to 
dynamic load at several zones, which have relatively thin and poor-quality rock 
masses has to be anticipated. 

  

 
1. INTRODUCTION 
The research site is Donan Cave in Tunggilis Village, 

Kalipucang, Pangandaran Regency (Figure 1). Donan 

Cave was a popular tourist attraction in the 1970s. The 

conversion of half of the cave into a swallow’s nest and 

the collapse of the rock walls in 2005 are thought to be 

the reasons for the downturn of tourists visiting Donan 

Cave, and making this cave no longer regarded as a 

viable tourist attraction. 

In December 2016, Donan Cave was reopened by 

the community, supported by the Village Government, 

by completely restoring its function as a tourist 

attraction. Furthermore, the community expects that the 

government would be involved in the development of 

the Donan Cave natural tourist attraction. However, the 

history of rock collapse of the cave walls caused by 

limestone mining surrounding the cave using the 

blasting method has gained attention. It is necessary to 

conduct a research to estimate rock mass stability that 

construct the cave for the safety of the tourists visiting 

Donan Cave. 

The stability of rock mass can be estimated 

through various methods, namely rock mass 

classification (González de Vallejo & Ferrer, 2011). 

Rock mass classification is the foundation of empirical 

design approaches and is widely used in rock 

engineering. In many construction projects, the rock 

mass classification approach is often the only practical 

basis for designing complex underground structures 

(Singh dan Goel, 2011). The Q system (Barton et al., 

1974) is one of the rock mass classifications that is 

often used in assessing the stability of rock masses that 

construct tunnels and underground spaces. The Q value 

can be obtained through scanline survey on rock mass 

outcrops. The Q value indicates the quality of rock mass. 

Qualitatively, the quality of rock mass indicates the 

stability of rock mass.  

The number of researches on the stability of 

natural caves constructed by carbonate rocks using a 

rock mass classification system is limited. The stability 

of natural caves constructed by carbonate rocks is 

difficult to estimate (Hatzor et al., 2002). Abdullatif 

(2010) researched the geomechanical characteristics 

and quality of carbonate rock mass at Dammam dome 

using the Q and RMR classification (Bieniawski, 1989). 

Lai et al. (2018) conducted a research on the stability of 

limestone caves in Malaysia using the method proposed 

by Waltham & Fookes (2003). Waltham & Fookes 

(2003) stated that naturally formed caves are often more 

stable than excavated caves. The classification of rock 
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mass systems Q and RMR, which are often used to 

assess the stability of excavated caves, will result in 

predictions of natural cave stability that are lower than 

the actual level of stability.   

Research related to the stability of rock mass that 

construct Donan Cave has never been done before. 

Research related to the geological condition in 

Pangandaran area, including the Donan Cave area, and 

its surroundings had been conducted previously by van 

Bemmelen (1949) and Simandjuntak & Surono (1992). 

Both research are regional in scope and showed that 

Donan Cave area and its surroundings are constructed 

of limestone. The detailed research in Donan Cave area 

was conducted by Median (2019). Median’s (2019) 

research was conducted concurrently with this study, 

but it aims to identify the position, orientation, and 

continuity of this cave using the geoelectrical 

geophysical survey method. 

This paper presents the results of mass rock 

quality to estimate the stability of limestone masses that 

construct Donan Cave according to the Q system rock 

mass classification. This research was conducted at the 

request of the Tunggilis Village Government and with 

the assistance of Donan Cave Tourism Management 

Community (Komunitas Pengelola Pariwisata 

(KOMPEPAR) Gua Donan) as a form of community 

service. 

2. METHOD 

The quality of rock mass was determined based on the 

Q system classification. Analysis of rock mass quality 

was done by collecting data obtained from field 

investigations. The field investigations include 

geological mapping of Tunggilis Village area of 3×6 

km2, lateral (top view) and vertical (side view) cave 

mapping, as well as rock mass quality mapping. 

Geological mapping was conducted by examining the 

distribution of rocks and geological structures in the 

research area. The map was made with a scale of 

1:25,000. 

The mapping of the cave’s geometry began with 

reconnaissance activities assisted by the residents 

around the cave (Figure 1). The mapping of the 

distance, azimuth, and slope between stations, aisle 

width, roof height, and sketches preparation were done 

by referring to the system established by British Cave 

Research Association (BCRA) and using 3B (Prasetyo, 

2015). 

The mapping of rock mass quality was conducted 

by investigating the parameters for rock mass 

classification according to the Q system, including 

discontinuity frequency (λ), number of joint sets (Jn), 

joint roughness (Jr), joint alteration (Ja), joint water 

reduction factor (Jw), and stress reduction factor (SRF) 

(Barton et al., 1974). These parameters were collected 

through mapping using a scanline method in which the 

rock mass was considered to be of equal quality on both 

sides of the cave. In this method, the data collection for 

rock mass classification was done with a distance of 2 

meters between stations and a 247 meters path along the 

side of the cave so that 137 STA were obtained, with 

details of 126 STA on the main route of the cave and 11 

STA on the branch route. The analysis of rock mass 

classification was conducted to identify rock mass 

quality and Donan Cave stability based on the Q system 

score. 

A geophysical study using dipole-dipole 

configuration geoelectric method was also conducted 

simultaneously in this activity by Median (2019) to 

acquire data on the thickness of the cave roof and the 

depth of the groundwater table. 

 
Figure 1. Reconnaissance activity was guided by Mr. Kandar, a 

local resident who is also the head of KOMPEPAR of Donan 

Cave, on 17 June 2017 

3. RESULT AND DISCUSSION 

3.1. Geological Condition 
Physiographically, the research area is included in 

western Java's Southern Mountain Zone (Figure 2), to 

be precise, near the easternmost tip of the 

Karangnunggal sector. This part is the easternmost part 

of the zone, and it is a relatively low mountain with a 

height of generally less than 100 meters above sea level 

with karst topography (van Bemmelen, 1949). 

The result of geological mapping shows that 

Donan Cave and its surroundings consist of limestone, 

tuffaceous marl, alternating sandstone-siltstone, 

andesite lava, tuffaceous diamictite, as well as clay, 

sand, and gravel deposits.  According to the regional 

geological map of Pangandaran (Simandjuntak dan 

Surono, 1992), the limestones that construct Donan 

Cave are the part of Kalipucang Formation (Figure 3).  

Geological structures such as reverse faults, 

normal faults, sinistral shear faults, shear joint, and 

tension joint are found in the mapping area. However, 

none of these faults intersect the Donan Cave. 

3.2. Cave Geometry 
Cave mapping was done to create a cave map 

which will be used as a basis for zoning the quality of 
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the cave rock mass. In addition, the results of the lateral 

and vertical map (Figure 4) are also displayed at the 

cave counter as a guide for the tourists.  

The cave has a main west-east axis, two entrances 

(main and branch), as well as one main and one branch 

track. The main track is 257 meters long with four 

chambers and three corridors, while the branch track is 

28 meters long and is only a branching aisle from the 

second chamber. 

The cave’s main entrance is located at the 

coordinate 249233, 9157550 and an elevation of 27.7 

meters. The coordinates of the cave are only recorded 

at the main entrance because GPS cannot function in 

the cave. The cave’s lowest point is in the first chamber 

with an elevation of 25 meters, while its highest point 

is in the last chamber with an elevation of 32.1 meters, 

which is also the largest chamber with a cave roof 

height of 13.2 meters. 

 
Figure 3. Limestones unit at the door of the Donan Cave’s 

branch (Hanif, 2019) 

3.3. Rock Mass Quality Zone 

The rock mass quality in each zone along the 

Donan Cave is shown in Figure 5. The rock mass 

quality zoning in Figure 5 is in a straight line because 

the investigation of rock mass quality was conducted 

using the scanline method horizontally within a span of 

2 meters, and the rock mass quality was presumed to be 

the same vertically. Figure 5 shows that Donan Cave is 

dominantly constructed of rock mass that are good to 

very good in quality. Poor quality rock mass can only 

be found in the starting zone of Chamber 2 and end zone 

of Chamber 3. 

Geophysical data processed from Median’s 

(2019) research shows that the groundwater level is 

below the cave and the depth of the groundwater level 

is relatively following the elevation of the ground 

surface above the cave. Field observations also reveal 

no groundwater in the cave, even though puddles are 

seen in several basins in Chamber 3 and 4 (Figure 6).  

3.4. Cave Stability 
The results of the research by Waltham and 

Fookes’ (2003) show that karst limestones generally 

have moderate quality. Natural caves composed of karst 

limestones are generally stable during the construction 

period where the thickness of the cave roof rock is more 

than 70% of the cave’s width, with construction loads 

of up to 2 MPa on the cave roof. The lateral and vertical 

sections of the cave in Figure 5 show that the roof rock 

of Donan Cave’s thickness is more than 70% of the 

cave width. The load on the roof rock of Donan Cave is 

less than 2 MPa because there is no construction on top 

of Donan Cave. Considering the stability parameters of 

natural caves developed by Waltham and Fookes 

(2003), namely the quality of rock mass, the thickness 

of cave roof, and load on cave roof, Donan Cave is 

estimated to be stable for a relatively long period of 

time. 

Figure 2. Physiographic map of West Java (van Bemmelen, 1949) 
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Although Donan Cave is relatively stable, the 

zones in Chamber 2 (approximately 40 meters from the 

portal), Chamber 3 (approximately 125 meters from the 

portal), and Chamber 4 (approximately 225 to 250 

meters from the portal) require attention toward hazard 

rock fall due to poor rock mass quality and relatively 

thin roof rock. The estimation of cave stability with the 

method proposed by Waltham and Fookes (2003) only 

considers static loads. The collapse of Chamber 2’s 

rock walls in 2005 due to vibrations caused by the 

limestones mining that used blasting method near 

Donan Cave proves that the stability of Donan Cave, 

particularly in Chamber 2, 3, and 4, can be impaired by 

dynamic loads. 

Further studies to determine the stability of roof 

rock of Donan Cave in the long term through field 

measurements of the bearing capacity of the roof rock 

of Donan Cave are recommended, particularly in the 

zones with poor rock mass quality and relatively thin 

roof rock. In addition, studies on the stability of Donan 

Cave against dynamic loads, such as vibration loads 

caused by earthquakes and explosions during the 

limestone mining process, is also recommended. 

Figure 5. The map of Donan Cave’s rock mass quality (Hanif, 2019) 

Figure 4. The underground shots map of Donan Cave that includes lateral and vertical sections of the cave (Hanif, 2019) 
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4. CONCLUSION 

This research includes geological mapping, cave 

geometry mapping, rock mass quality zoning through 

scanline surveys based on the Q system rock mass 

classification, and cave stability estimation based on 

rock mass quality, comparison of roof rock thickness 

and cave width, and load. Donan Cave is entirely 

constructed of limestone from the Kalipucang 

Formation. The reverse faults, normal faults, and 

sinistral shear faults are geological structures in the area 

surrounding Donan Cave and none of them intersect the 

cave. The cave features a main west-east axis, two 

entrances (main and branch), as well as one main and 

one branch passage. Donan Cave is predominantly 

constructed of good to very good quality rock masses. 

Poor quality rock mass is only found in Chamber 2’s 

starting zone and Chamber 3’s end zone. Based on the 

analysis using the approach proposed by Waltham and 

Fookes (2003), Donan Cave is estimated to be in stable 

condition for a relatively long time. Several zones in 

Chamber 2, 3, and 4 require attention to the hazard of 

rock collapsing due to dynamic loads since the rock 

mass quality is poor and the roof rock is relatively thin. 

The local community is expected to actively participate 

in maintaining the cave stability, such as examining 

development new cracks, particularly on the cave roof, 

and supervising mining activity in the surrounding area. 
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