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Abstract
Karangsambung, located in Central Java, Indonesia has complex geological conditions of the tectonic evolution of Java 
Island due to the subduction process of the India-Australia plate with the Eurasian plate in the Cretaceous-Paleocene. 
The tectonic movements in the subduction zone have resulted in diverse geological structures and rock types and impact 
the morphological shape of the study area. The level of tectonic activity in the study area can be determined using a 
tectonic geomorphological approach. A digital elevation model and geographic information systems are used for geo-
morphic data processing. Geological data observations were also carried out in the form of river terraces. Seven geomor-
phic index parameters have been calculated to determine the youngest tectonic activity through the relative tectonic 
activity index (IAT) of the study area: the ratio of the valley floor width to the valley height, the drainage basin asymme-
try, the river gradient-length index, the basin shape index, mountain front sinuosity, drainage density, and the hypsomet-
ric integral/hypsometric curve. The IAT score is divided into four classes which are class 1 (0%) very highly, class 2 (13%) 
highly, class 3 (56%) moderately, and class 4 (31%) low. The IAT shows that the research area is categorized as an active 
tectonic area so that the morphology formed is more influenced by tectonic activity than erosion. Geological data analy-
sis on uplifted and deformed river terrace outcrops shows that the study area is affected by neotectonic activity.
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1. Introduction

Tectonic geomorphology research is very important 
to obtain information on neotectonic activity over a large 
area. The geomorphic index is an indicator that records 
the response to the latest deformation (neotectonic) pro-
cesses, so it is widely used to identify active faults 
(Faghih et al., 2015; Keller and Pinter, 1996; El Ham­
douni et al., 2008). Landscape and spatial data are very 
important for studying active tectonics because they can 
estimate the exact position and historical seismic records 
(Arrowsmith & Zielke, 2009). Tectonic geomorpho-
logical analysis has been widely used as a parameter to 
measure earthquake hazard in an area (Galadini and 
Galli, 2000; Faghih et al., 2015; Keller and Pinter, 
1996; El Hamdouni et al., 2008; Yudhicara et al., 
2017; Hidayat, 2010). Large landforms of the Earth’s 
surface resulting from the competition between uplift 

and denudation processes were studied (Burbank and 
Anderson, 2001).

The tectonics in the research area began during Creta-
ceous and still continues today. In terms of regional ge-
ology, the study area has very complex geological char-
acteristics because it is the result of the subduction pro-
cess between the India-Australia Plate and the Eurasian 
Plate in the Cretaceous-Paleocene (Asikin, 1974). The 
subduction process also produces an accretion zone 
characterized by traces of thrust faults and a mixture of 
large rock blocks of various types collected in the Luk 
Ulo mélange complex (Asikin, 1974; Asikin et al., 
1992; Suparka, 1988; Miyazaki et al., 1998; Parkin­
son et al., 1998; Wakita, 1994, 1997; Kadarusman et 
al., 2007; Clements et al., 2009; Hall, 2012). The tec-
tonic complexity of the area affects the morphology 
formed. The geomorphological form can be used as a 
parameter to see the tectonic activity process that has 
occurred. The Karangsambung area describes a diverse 
morphology consisting of sedimentary hills, structural 
hills, solitary hills, plains (denudational), and the struc-
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tural morphology of the amphitheater anticline valley 
(Asikin et al., 1992). The formation of the anticline 
structure is a process of uplift and erosion associated 
with local scale deformation. Landforms of the Earth’s 
surface resulting from the competition between uplift 
and denudation processes were studied (Burbank and 
Anderson, 2001). This is also thought to form the mor-
phology of the Karangsambung amphitheater. Geomor-
phological parameters are the object of research to deter-
mine the relationship between tectonic activity and the 
resulting landscape.

This study has used seven geomorphic index param-
eters. The geomorphic index approach that is used in this 
research includes the ratio of valley floor width to valley 
height (Vf), drainage basin asymmetry (Af), stream 
length – gradient index (SL), the basin shape index (BS), 
mountain front sinuosity (Smf), drainage density (Dd), 
and the correlated hypsometric integral/hypsometric 
curve (HI / HC). All geomorphic index data obtained 
from DEM are then processed using the geographic in-
formation system (GIS) method. This research also dis-
cusses the relationship and influence of each geomor-
phic index on the research area’s tectonic activity. In 
addition to the geomorphic index, geological parameters 
in the form of geological structures, rock types, and river 
terraces are used to complete this research analysis. The 
research objective was to determine tectonic activity 
based on geomorphological appearance through the geo-
morphic index approach.

2. Geological setting

The Karangsambung physiography is part of the 
Southern Serayu Mountain (Tjia, 1966; Asikin, 1974; 
Suparka, 1986; Wakita, 1994; Harsolumakso, 1996; 
Satyana, 2002; Prasetyadi, 2006, 2007). The main an-
ticline, known as the Karangsambung anticline with the 
east-west axis folding, induces Paleogene rock and ex-
poses the Pre-Paleogene rock of Luk Ulo Complex 
(Prasetyadi, 2006) (see Figure 1c). Based on the direc-
tion of the fold axis, it can be seen that the main stress 
direction of compression forming the fold structure is 
North-South trending (see Figure 1a).

The study area is considered the boundary for Java-
nese subduction during the Cretaceous-Paleocene (Asi­
kin, 1974; Clements et al., 2009; Hall, 2012; Parkin­
son et al., 1998; Wakita, 2000). The subduction process 
then stopped due to the Gondwana microcontinent’s col-
lision with the Sundaland section on the eastern and 
southeastern edges of the Upper Cretaceous (Smyth et 
al., 2007). After that, a new subduction zone was formed 
in the south that began in the Middle Eocene and was 
followed by olistostromes’ formation (Karangsambung 
Formation and Totogan Formation) in the Late Eocene - 
Miocene (Prasetyadi et al., 2006).

The oldest rock exposed in this area is the Pre-Paleo-
gene rock unit known as the Luk Ulo Melange Complex, 

which consists of a tectonic mixture of metamorphic 
rock blocks (eclogite, glaucophane, blueschist, amphib-
olite, serpentinite, greenschist), mafic and ultramafic ig-
neous rocks (gabbro, diabase, basalt), pelagic and hemi-
pelagic deep-sea sedimentary rocks (chert, red clay-
stone) embedded in the claystone matrix (Asikin, 1974; 
Asikin et al., 1992; Suparka, 1988; Wakita, 2000; 
Kadarusman et al., 2007; Miyazaki et al., 1998; Par­
kinson et al., 1998). The radiolaria age dating on chert 
sedimentary rocks shows that the deposition age starts 
from Lower-Upper Cretaceous and then the accretion 
process begins at Upper Cretaceous - Paleocene (Waki­
ta et al., 1994). These sedimentary rocks are carried into 
the subduction zone due to oceanic plates’ movement 
and then form a tectonic mélange (Melange Luk Ulo 
Complex) (see Figure 1b and Figure 1c).

The Melange Luk Ulo complex is covered with un-
conformities by the Karangsambung Formation and the 
Totogan Formation. The Karangsambung and Totogan 
formations generally consist of sedimentary mixtures of 
fragments and blocks (olistolite), such as sandstones, 
siltstone, conglomerates, nummulitic limestone, lava in 
the clay basement and are interpreted as olistostrome de-
posits (Asikin, 1974; Handayani et al., 2021). Further-
more, the younger Neogene rocks are deposited, namely 
the Waturanda Formation and the Penosogan Formation. 
Deposits over the Karangsambung Formation and Toto-
gan Formation are in conformity with a series of volca-
no-clastic turbidite sediments in the Waturanda Forma-
tion aged Neogene siliciclastic-carbonate Penosogan 
Formation aged Neogen (Asikin et al., 1992). Texture 
differences, grain size, and variations in layer thickness 
in the Waturanda Formation and Penosogan Formation 
indicate changes in sedimentary flow regimes (see Fig­
ure 1b).

In general, the Karangsambung area structure con-
sists of three main structural directions. The first direc-
tion of the structure is the southwest-northeast direction, 
indicated by the general direction of the boudin struc-
ture’s long axis, developed in Pre-Paleogene rock groups 
(Harsolumakso et al., 1995). The other structure in the 
East-West is indicated by the general direction that the 
fold structure and thrust fault developed in the Neogen 
rock and in a north-south direction of the faults that cut 
Pre-Paleogene and Neogen rocks (Asikin et al., 1992) 
(see Figure 1c). The exposure of the old rock complex 
melange Luk Ulo Karangsambung was due to a maxi-
mum uplift and the mechanism of the maximum impact 
as a result of the confluence of two large horizontal 
faults moving opposite each other, namely the Muria - 
Kebumen Fault (southwest-northeast, Meratus direction, 
Sinistral) and the Pamanukan - Cilacap Fault (northwest-
southeast, Sumatra Direction, Dextral) intersects the 
central part of Java Island and meets in the southern part 
of Central Java during the Paleogene orogenesis period 
(Satyana, 2002) (see Figure 2). Overall, the geology of 
the Karangsambung area has been mapped systemati-
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Figure 1: a) The location of the study area, Karangsambung was located at the subduction zone, where the Indo-Australian 
plate subducts with the Sunda microplate along the Java-Meratus suture. (modified: Hall, 2012; Soeria-Atmadja et al., 1994; 

Wakita, 2000; Sribudiyani et al., 2003; Handayani et al., 2021). b) stratigraphic column, c) Geological map  
of Karangsambung Complex shows the distribution of formations (Condon et al., 1996; Askin et al., 1992).  

The red box is the study area.
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cally by Condon et al. (1996) in the north and by Asikin 
et al. (1992) in the south (see Figure 1b and Figure 1c).

3. Methods

The geomorphology index is one method of studying 
active tectonic areas that can give knowledge of rela-
tively rapid levels of active tectonic deformation (Bull 
and McFadden, 1977; Keller and Pinter, 1994, 2002; 
Faghih, 2015). The research used seven geomorphic in-
dex parameters: 1) the ratio of valley floor width to val-
ley height (Vf), 2) drainage basin asymmetry (AF), 3) 
stream length – gradient index (SL), 4) the basin shape 
index (BS), 5) mountain front sinuosity (Smf), 6) drain-
age density (Dd), and 7) the correlated hypsometric inte-
gral/hypsometric curve (HI/HC). Morphotectonic varia-
ble calculations using geographic information systems 
(GIS) based Arcgis 10.1 software from topographic 
maps at a scale of 1:25000, DEM with a spatial resolu-
tion of 30 m (URL 1) (see Figure 3 and Figure 4).

3.1. �The ratio of the valley floor and valley height 
(Vf)

The ratio of the valley floor and valley height (Vf) is 
calculated to determine the geometry of the valley asso-

ciated with tectonics or erosion. The tectonic activity of 
a fault affects the shape of a river valley and the presence 
of deformations in the alluvial with an asymmetric fold 
(Khayingshing, 2015). The high Vf value is associated 
with a low uplifting rate so that the river will cut widely 
at the bottom of the valley, and the valley shape will ex-
pand even further.

	 Vf = 2 Vfw / ( Eld – Esc ) + ( Erd – Esc )� (1)
Where:

Vf 	– the ratio of the valley floor and valley height,
Vfw 	– the valley’s width (m),
Eld 	– the valley’s left (m),
Erd 	– right elevation (m),
Esc 	– the valley base elevation (m).
This index differentiates between valleys with a wide 

floor relative to the height of valley walls with a “U” 
shape compared to narrow, steep valleys with a “V” 
shape. Valleys with a U shape generally have high val-
ues of Vf, whereas V-shaped valleys have relatively low 
values. Since uplift is associated with incision, the index 
is thought to be a surrogate for active tectonics, where 
low values of Vf are associated with higher rates of up-
lift and incision. The index is a measure of incision and 
not uplift; but in an equilibrium state, incision and uplift 
are nearly matched (El Hamdouni et al., 2008).

Figure 2: Central Java has been flanked by couple of major faults of Kebumen-Muria and Pamanukan-Cilacap, opposing  
on trends and slips. Within the triangle of faults, crustal masses were dragged and to be more uplifted southward due  

to the slips of faults (Satyana, 2002).

Http://tides.big.go.id/DEMNAS/index.html#Info
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3.2. Streams - gradients index (SL)

The value of SL is strongly influenced by the slope of 
the river changes (channel slope). These SL’s sensitivity 
can be used to evaluate the relationship between active 
tectonic, bedrock, and topography resistance (Keller 
and Pinter 1996). Active tectonics in a region will be 
indicated by a high value of the SL index.

	 SL = (Δ H/ ΔL) x L� (2)

Where:
SL 	– �the stream length-gradient index,
ΔH	– �the elevation difference between the upper and 

the lower part of the reach (m),
ΔL 	– �the length of the reach (m),
L 	 – �the channel length from the divide to the mid-

point of the channel reach for which the index is 
calculated (m).

The SL value index can distinguish a type of uplift 
low tectonic, medium, and high (Keller and Pinter, 
1996).

3.3. Drainage basin asymmetry (AF)

The value of AF is very important to determine the 
effect of active tectonics in the research area. The value 
of AF reflects the asymmetry of a sub-watershed, which 
is influenced by tectonic processes. The geometry of 
sub-watersheds can be described both qualitatively and 
quantitatively. Patterns and geometry sub-watershed can 
provide information on tectonic activity. The change in 
position of a river’s flow in a sub-watershed is due to an 
inclination where the sub-watershed is influenced by an 
active tectonic (Singh, 2016). The asymmetry factor 
(AF) is a quantitative analysis of sub-watershed for de-

tecting tectonic tilting on the scale of both small and 
large.

	 � (3)

Where:
AF	 – �the asymmetry factor index,
Ar	 – �the basin area to the right of the stream (looking 

downstream) (km2),
At	 – �the total area of the drainage sub-watershed 

(km2).
The AF value indicates a value of 50, so the area has 

a low tilt sub-watershed. If the AF value is 50, then the 
area has a small sub-watershed tilting. It indicates that 
tectonic activity is relatively stable. If the AF value is 
greater or less than 50, then tilting occurs due to tectonic 
activity (El Hamdouni et al., 2008).

3.4. Mountain front sinuosity (Smf)

Several studies have suggested that a low Smf value 
(Smf <1.4) is an indication of active tectonics (El-Ham­
douni et al., 2008). Smf is an index that reflects the bal-
ance between erosion and tectonic activity that tends to 
cut along the ridges of the mountain front that directly 
produce the mountain front and are associated with ac-
tive fault zones.

	 � (4)

Where:
Smf	– �the mountain front sinuosity,
Lmf 	 – �the length of the mountain front along the break 

of slope (km),
Ls 	 – �the length of a straight-line along the same sec-

tor of the mountain front (km).
Low Smf values are associated with active tectonics 

and uplifting directly. If the lifting speed decreases, the 
erosion process will cut the mountain face irregularly, 
and the Smf value will increase.

3.5. Basin shape index (BS)

Horizontal projections of the basin can be explained 
by the basin shape index or extension ratio (BS) defined 
as (Cannon 1976; Ramirez-Herrera, 1998; Faghih 
2015):
	 BS = Bl / Bw� (5)

Where:
BS 	– �the drainage basin shape index,
Bl 	 – �the length of the basin measured from the high-

est point (km),
Bw	– �the width of the sub-watershed measured the 

widest (km).
A relatively tectonic sub-watershed has a propensity 

to lengthen, following topographical tilt (Bull and Mc­

Figure 3: Workflow methodology of this research
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Fadden, 1977). With sustained evolution or inactive tec-
tonic activity, the initial elongated shape tends to evolve 
into a more circular shape (Bull and McFadden, 1977).

3.6. Drainage density (Dd)

The value of Dd is a geomorphic index related to the 
density of tributaries in a watershed. The value of Dd is 
a parameter that reflects the tectonic activity of an area. 
Previous studies did not use the Dd value as a calculated 
parameter. An area that is deformed by tectonic activity 
will be reflected by the physically erosive characteristic 
of lithology, thus producing a drainage density that is 
relatively higher than stable areas (Sukiyah, 2017). The 
drainage density is an index number that can identify the 
many tributaries contained in a watershed. Drainage 
density (Dd) is a ratio of the length of a river segment to 
the size of a watershed or a sub-watershed. The higher 
the Dd value, the more drainage of rivers occupies wa-
tershed or sub-watershed. Horton (1945) has estab-
lished a new set of drainage density (Dd):

	 � (6)

Where:
Dd 	– the drainage density,
∑L 	– the total length of the river (km),
A 	 – the watershed area or sub-watershed (km2).

3.7. Hypsometric Integral (HI)

The hypsometric integral (HI) is an index that de-
scribes the altitude distribution of a landscape area 
(Strahler, 1952). A simple equation that might be used 
to calculate the index (Keller and Pinter, 2002) is:

	 HI = (hmean–hmin)/(hmax–hmin)� (7)

Where:
HI 	 – the hypsometric integral,
hmax 	 – the maximum elevation,
hmin 	 – the minimum elevation,
hmean	 – mean elevations respectively.
This equation will be reflected in the form of a hypso-

metric curve. The hypsometric curve can provide an 
overview of the land’s shape based on its pattern, name-
ly land in the young, middle, and old stages (Keller and 
Pinter, 1996). The altitude values required for the calcu-
lation are obtained from a digital elevation model 
(DEM). Integral hypsometry is not directly related to 
active tectonic relativity but needs to be correlated with 
other geological conditions. This HI index is almost the 
same as the SL index, greatly influenced by rock resist-
ance. HI values are not directly related to tectonic activ-
ity. High values of HI could also result from a recent 
incision into a young geomorphic surface produced by 
deposition (El Hamdouni et al., 2008).

3.8. Relative Tectonic Activity Index (IAT)

All geomorphic index calculation results are analyzed 
and correlated to obtain information related to the tec-
tonic activity level, reflected in the study area’s geomor-
phological formation. The IAT is obtained from the 
mean of the different classes of the geomorphic index 
parameter (S/n).
	 IAT = S / n� (8)
Where:

IAT	– �the relative tectonic activity index,
S 	 – �the sum of the class values of each geomorphic 

index,
n 	 – �the sum of the geomorphic indexes.
The S/n value in the study used seven geomorphic in-

dices. Drainage density is used in this study, because 
drainage density also affects rock resistance so that it has 
an impact on the IAT. The mean values (S/n) are grouped 
into four classes of tectonic activity (IAT), of which 
class 1 is very high with S/n values between 1 and 1.5; 
class 2 is a high tectonic activity with S/n values of 1.5 
to 2; class 3 active medium tectonics with S/n 2 to 2.5, 

Figure 4: Summary of morphotectonic indices used in 
tectonic analysis activities in the study area (modified after 
Faghih, 2015; Keller and Pinter, 2002; Ramirez-Herrara, 

1998; El Hamdouni, 2008; Bull and McFadden, 1977; 
Horton, 1945)
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and class 4 is low active tectonics with a value of S/n > 
2.5 (El-Hamdouni et al., 2008).

4. Results

4.1. The geomorphic indexes

The approach of this paper has been to use data ex-
tracted from geomorphic indices as a quantitative meth-
od to provide evidence of variations in tectonic activity. 
Results relating to variations in the geomorphic indices 
are presented in this section.

4.1.1. �The ratio of the valley floor and valley  
height (Vf)

Vf is calculated to determine the geometry of the val-
ley associated with tectonics or erosion. Vf is classified 
into three classes: class 1 (Vf <0.5), class 2 (0.5-1) and 
class 3 (Vf>1) (El Hamdouni et al., 2008) are shown in 
Table 1 and Figure 5. The Vf values of the research area 
range from 0.25 to 12.75. The Vf value is relatively low 
for V-shaped valleys and relatively high for U-shaped 

valleys. High Vf values dominate the eastern part of the 
research area.

Meanwhile, classes 1 and 2 are scattered in the north-
ern and southern parts of the study area. The high Vf 
value in the eastern part of the research area is strongly 
influenced by a similar lithology, namely andesite brec-
cias. Meanwhile, the low Vf value with a V-shaped val-
ley is influenced by lithology and geological structures 
in faults and fractures. The lithology is composed of 
claystone matrix and igneous rock as melange block in 
the Melange Luk Ulo Formation.

4.1.2. Streams - gradients index (SL)

The SL values calculated along streams and rivers us-
ing a DEM with a spatial resolution of 30 m with GIS 
processing resulted in an average value for each sub-
watershed. The research area showed that the SL values ​​
ranged from 66.5 to 734.5. The values ​​are classified into 
three classes: class 1 (SL> 500), class 2 (300 - 500), and 
class 3 (SL <300), according to El-Hamdouni et al. 
(2008), which is shown in Figure 6.

Table 1: Vf (ratio of valley floor width to valley height) values calculated in the 52 sub-watershed

No. Sub-watershed Lithology Vf Class
1 Breccia 2.88 3
2 Breccia 12.75 3
3 Breccia 4.87 3
4 Breccia 9.15 3
5 Breccia 12.63 3
6 Breccia 12.63 3
7 Breccia 1.33 3
8 Breccia 3.48 3
9 Breccia 4.63 3
10 Breccia 6.45 3
11 Breccia 1.07 3
12 Breccia 9.09 3
13 Breccia 2.74 3
14 Breccia 3.04 3
15 Breccia 2.33 3
16 Breccia 2.31 3
17 Breccia 1.31 3
18 Breccia 1.07 3
19 Breccia 0.55 2
20 Breccia 0.82 2
21 Breccia 0.81 2
22 Breccia 0.82 2
23 Breccia 0.64 2
24 Breccia 3.75 3
25 Breccia 1.57 3
26 Breccia 13.03 3

No. Sub-watershed Lithology Vf Class
27 Breccia 5.93 3
28 Breccia 0.66 2
29 Breccia 3.30 3
30 Breccia 0.87 2
31 Breccia 0.25 1
32 Breccia 0.35 1
33 Breccia 1.19 3
34 Breccia 0.47 1
35 Breccia 0.49 1
36 Breccia 4.60 3
37 Breccia 1.60 3
38 Breccia 2.93 3
39 Breccia 0.35 1
40 Breccia 0.85 2
41 Diabase 2.20 3
42 Diabase 3.05 3
43 Diabase 0.50 1
44 Claystone 1.83 3
45 Breccia 1.39 3
46 Breccia 0.98 2
47 Gabbro 0.37 1
48 Gabbro 0.32 1
49 Gabbro, basalt 0.25 1
50 Claystone 1.28 3
51 Breccia 0.88 2
52 Schist, phylite 0.41 1
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4.1.3. Drainage basin asymmetry (AF)

The sub-watershed asymmetry can be seen from the 
asymmetry of the sub-watershed shape due to the different 
tilt. AF values range from 22.29 to 79.49. AF values are 
divided into three classes: class 1 (AF>15), class 2: (7-15) 
and class 3 (AF <7). 70% of the sub-watershed studied 
formed asymmetry, as shown in Table 2 and Figure 7.

4.1.4. Mountain front sinuosity (Smf)

Smf represents a balance between erosive processes 
tending to erode a mountain front, making it more sinu-
ous through streams that cut laterally and into the front 
and active vertical tectonics that tend to produce straight 
mountain fronts, often coincidental with active faults or 
folds (Bull and McFadden, 1977). A higher Smf value 

Figure 5: Classification of sub-basins of the study area based on the measurement of the ratio 
of valley floor width to valley height (Vf) indices

Figure 6: Classification of sub-watershed of the study area based on the measurement of the 
streams - gradients index (SL) indices
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(> 3) is usually associated with inactive tectonic areas. 
Smf measurements in 52 sub-watersheds using the DEM 
30 m and obtained three values ​​that became the basis for 
class division according to the level of tectonic activity: 
class 1 (1.0-1.1), class 2 (1.1-1.5) and class 3 (>1.5) as 
shown in Table 3 and Figure 8.

4.1.5. Basin shape index (BS)

High values of BS are associated with the elongated 
geometric shape of the watershed, generally associated 
with relatively higher tectonic activity. A low BS value 
indicates a more circular shape of the watershed, com-
monly related to low tectonic activity. Therefore, BS can 
reflect the level of tectonic activity. The value of BS is 
calculated using a DEM and classified into three classes: 
class 1 (BS> 4), class 2 (3-4), and class 3 (BS <3). The 
BS values range from 0.81 to 4.30. More than ¾ of the 
studied sub-watershed belong to classes 2 and 3 with 

lower BS values, while class 1 with high BS values cov-
er about ¼ of the study area so the shape of the sub-wa-
tershed is more circular Table 4 and Figure 9.

4.1.6. Drainage density (Dd)

Dd value will be included as a new parameter to de-
termine the tectonic activity value in the research area. 
Drainage density is an index number that can indicate 
the number of tributaries in a watershed. Flow density is 
an index number that can indicate the number of tribu-
taries in a watershed. Drainage density (Dd) is the ratio 
between the total length of river segments to ​​a watershed 
or sub-watershed area. The higher the Dd value, the 
more drainage density that occupies the watershed or 
sub-watershed. Sukiyah (2009) divides drainage densi-
ty (Dd) into six grades, grade 1 is very rough (0-1.379) 
to grade 2 is rough (1.380-2.759) in class 3, grade 3 is 
medium (2.760-4.139) to grade 4 is smooth (4.140-

Table 2: AF (drainage basin asymmetry) values calculated in the 52 sub-watershed

No. 
Sub- 
-water- 
shed

Ar  
(km2)

Al  
(km2)

At  
(km2) AF AF-50 Class

1 0.394 0.172 0.566 69.634 19.634 1
2 0.410 0.410 0.820 50.010 0.010 3
3 0.212 0.327 0.539 39.367 -10.633 2
4 1.093 0.621 1.713 63.780 13.780 2
5 0.135 0.072 0.207 65.267 15.267 1
6 0.195 0.260 0.455 42.930 -7.070 2
7 0.924 0.667 1.590 58.076 8.076 2
8 0.275 0.281 0.556 49.415 -0.585 3
9 0.221 0.269 0.490 45.172 -4.828 3
10 0.341 0.476 0.818 41.738 -8.262 2
11 0.592 0.646 1.238 47.834 -2.166 3
12 0.143 0.208 0.351 40.771 -9.229 2
13 0.197 0.051 0.248 79.476 29.476 1
14 0.196 0.267 0.464 42.375 -7.625 2
15 0.342 0.310 0.652 52.443 2.443 3
16 0.145 0.152 0.297 48.873 -1.127 3
17 0.736 0.359 1.096 67.198 17.198 1
18 0.478 0.350 0.827 57.730 7.730 2
19 0.111 0.083 0.194 57.223 7.223 2
20 0.122 0.102 0.224 54.275 4.275 3
21 0.116 0.229 0.345 33.629 -16.371 1
22 0.279 0.252 0.531 52.466 2.466 2
23 0.317 0.738 1.055 30.056 -19.944 1
24 0.337 0.408 0.745 45.300 -4.700 2
25 0.327 0.390 0.717 45.593 -4.407 2
26 0.528 0.872 1.400 37.715 -12.285 2

No. 
Sub- 
-water- 
shed

Ar  
(km2)

Al  
(km2)

At  
(km2) AF AF-50 Class

27 0.186 0.087 0.274 68.094 18.094 1
28 0.408 0.245 0.654 62.477 12.477 2
29 0.114 0.193 0.307 37.224 -12.776 2
30 0.397 0.432 0.829 47.887 -2.113 3
31 0.623 0.320 0.943 66.097 16.097 1
32 0.625 0.282 0.907 68.899 18.899 1
33 0.093 0.033 0.126 73.886 23.886 1
34 0.267 0.923 1.190 22.436 -27.564 1
35 0.317 0.282 0.599 52.971 2.971 3
36 0.380 0.233 0.612 62.005 12.005 2
37 0.268 0.099 0.367 73.050 23.050 1
38 0.213 0.075 0.288 73.917 23.917 1
39 0.986 1.210 2.196 44.908 -5.092 3
40 0.028 0.033 0.061 45.372 -4.628 3
41 0.081 0.1876 0.269 30.218 -19.782 1
42 0.618 0.8582 1.476 41.846 -8.154 2
43 0.637 0.9957 1.632 39.006 -10.994 2
44 0.524 0.8146 1.339 39.162 -10.838 2
45 0.273 0.5796 0.852 32.010 -17.990 1
46 0.539 1.1465 1.685 31.970 -18.030 1
47 0.615 1.1415 1.756 35.005 -14.995 1
48 0.712 2.4804 3.192 22.298 -27.702 1
49 0.737 2.2760 3.013 24.454 -25.546 1
50 1.127 1.8009 2.928 38.499 -11.501 2
51 0.277 0.7486 1.025 26.976 -23.024 1
52 0.299 0.6992 0.998 29.930 -20.070 1
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Figure 7: Classification of 
sub-watershed of the study 
area based on the 
measurement of the drainage 
basin asymmetry (AF) indices

Table 3: Smf (mountain front sinuosity) values calculated in the 52 sub-watershed

No. Sub-
watershed Lmf (km) Ls (km) Smf Class

1 0.8999 0.4167 2.1598 3
2 0.7999 0.3567 2.2428 3
3 0.8899 0.5167 1.7224 3
4 0.9899 0.6167 1.6053 3
5 0.8700 0.5267 1.6519 3
6 0.8989 0.5367 1.6751 3
7 0.9799 0.6237 1.5712 3
8 0.9889 0.6117 1.6168 3
9 0.9799 0.6112 1.6034 3
10 0.9999 0.6167 1.6215 3
11 0.8505 0.6425 1.3239 2
12 0.9879 0.6167 1.6020 3
13 0.9778 0.6167 1.5856 3
14 0.8915 0.4833 1.8448 3
15 0.7004 0.5467 1.2811 2
16 1.7413 0.9185 1.8958 3
17 0.9032 0.4462 2.0240 3
18 1.5787 0.7856 2.0094 3
19 1.4627 0.7721 1.8945 3
20 1.3404 0.3450 3.8847 3
21 2.0186 0.7167 2.8166 3
22 0.8427 0.2970 2.8374 3
23 0.8907 0.3903 2.2820 3
24 1.2841 0.4128 3.1109 3
25 1.5008 0.5820 2.5786 3
26 2.1758 0.6164 3.5298 3
27 2.1919 0.6332 3.4618 3

No. Sub-
watershed Lmf (km) Ls (km) Smf Class

28 1.5845 0.5474 2.8946 3
29 2.4052 0.7222 3.3305 3
30 1.6203 0.5850 2.7697 3
31 1.6028 0.5337 3.0034 3
32 0.8552 0.5371 1.5923 3
33 1.3681 0.6859 1.9946 3
34 0.6979 0.3449 2.0232 3
35 2.3713 0.9834 2.4113 3
36 1.7616 0.9455 1.8633 3
37 0.9466 0.5515 1.7165 3
38 1.4266 0.7203 1.9804 3
39 0.9969 0.4320 2.3075 3
40 1.3962 0.3132 4.4574 3
41 2.0081 0.7161 2.8042 3
42 0.8551 0.6162 1.3878 2
42 0.8612 0.5609 1.5354 3
43 0.9565 0.5583 1.7134 3
44 0.9118 0.5752 1.5852 3
45 0.8888 0.4515 1.9686 3
46 1.7701 0.6634 2.6680 3
47 2.5985 1.6517 1.5732 3
48 1.2186 0.7936 1.5355 3
49 2.1784 0.8854 2.4604 3
50 1.6973 0.8517 1.9927 3
51 1.6973 0.8217 2.0655 3
52 1.6973 0.8317 2.0406 3
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Figure 8: Classification of 
sub-watershed of the study 

area based on the 
measurement of the 

mountain front sinuosity 
(Smf) indices

Table 4: BS (basin shape) values calculated in the 52 sub-watershed

No. Sub- 
-watershed Bl (km) Bw (km) BS Class

1 1.443 0.500 2.89 3
2 2.233 0.520 4.30 1
3 1.608 0.457 3.52 2
4 2.638 0.848 3.11 2
5 0.796 0.435 1.83 3
6 1.438 0.461 3.12 2
7 2.181 0.771 2.83 3
8 1.779 0.470 3.78 2
9 1.385 0.493 2.81 3
10 2.040 0.874 2.33 3
11 1.328 1.632 0.81 3
12 0.960 0.533 1.80 3
13 0.767 0.387 1.98 3
14 1.152 0.624 1.84 3
15 1.199 0.745 1.61 3
16 0.841 0.511 1.65 3
17 2.014 0.969 2.08 3
18 1.364 0.797 1.71 3
19 0.842 0.352 2.39 3
20 0.921 0.332 2.78 3
21 0.986 0.501 1.97 3
22 1.632 0.554 2.95 3
23 1.781 0.883 2.02 3
24 1.695 0.581 2.92 3
25 1.603 0.618 2.59 3
26 2.144 1.211 1.77 3

No. Sub- 
-watershed Bl (km) Bw (km) BS Class

27 1.197 0.299 4.01 1
28 1.692 0.587 2.89 3
29 1.066 0.411 2.59 3
30 1.705 0.848 2.01 3
31 1.690 0.639 2.65 3
32 1.776 0.728 2.44 3
33 0.753 0.233 3.23 2
34 1.821 0.686 2.65 3
35 1.654 0.447 3.70 2
36 1.620 0.551 2.94 3
37 1.050 0.421 2.49 3
38 0.753 0.486 1.55 3
39 1.831 2.122 0.86 3
40 0.391 0.189 2.08 3
41 0.643 0.498 1.29 3
42 1.202 0.774 1.55 3
43 1.316 1.150 1.14 3
44 1.196 0.890 1.34 2
45 1.267 0.478 2.65 2
46 1.585 1.411 1.12 3
47 1.593 0.960 1.66 3
48 2.215 1.491 1.49 3
49 2.382 1.427 1.67 3
50 1.782 1.457 1.22 3
51 1.030 1.012 1.02 3
52 0.984 1.086 0.91 3
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Figure 9: Classification of 
sub-watershed of the study 
area based on the 
measurement of the basin 
shape (BS) indices

Table 5: Dd (drainage density) values calculated in the 52 sub-watershed

No. 
Sub-
watershed

Total length 
(∑L) (km)

Area 
watershed 
(A) (km2)

Drainage 
density
(Dd)

Class

1 1.754 0.566 3.096 2
2 2.804 0.820 3.419 2
3 2.551 0.539 4.738 2
4 5.677 1.713 3.313 2
5 0.690 0.207 3.337 2
6 1.086 0.455 2.386 3
7 5.587 1.590 3.513 2
8 2.061 0.556 3.706 2
9 1.377 0.490 2.811 2
10 3.425 0.818 4.188 2
11 2.762 1.238 2.231 3
12 1.461 0.351 4.164 2
13 1.511 0.248 6.093 1
14 2.370 0.464 5.113 2
15 4.587 0.652 7.040 1
16 0.856 0.297 2.880 2
17 4.232 1.096 3.862 2
18 4.282 0.827 5.176 2
19 0.924 0.194 4.756 2
20 0.931 0.224 4.157 2
21 2.004 0.345 5.818 1
22 1.819 0.531 3.426 2
23 4.503 1.055 4.268 2
24 2.513 0.745 3.373 2
25 2.931 0.717 4.086 2
26 6.064 1.400 4.331 2

No. 
Sub-
watershed

Total length 
(∑L) (km)

Area 
watershed 
(A) (km2)

Drainage 
density
(Dd)

Class

27 1.615 0.274 5.899 1
28 3.533 0.654 5.406 2
29 1.019 0.307 3.321 2
30 3.623 0.829 4.368 2
31 3.763 0.943 3.992 2
32 4.305 0.907 4.748 2
33 0.494 0.126 3.925 2
34 6.218 1.190 5.224 2
35 2.821 0.599 4.708 2
36 2.460 0.612 4.017 2
37 1.640 0.367 4.472 2
38 1.367 0.288 4.741 2
39 5.303 2.196 2.415 3
40 0.421 0.061 6.912 1
41 1.0523 0.1876 5.611 1
42 2.8015 0.8582 3.264 2
43 3.9421 0.9957 3.959 2
44 2.8852 0.8146 3.542 2
45 3.0937 0.5296 5.841 1
46 4.3602 1.1465 3.803 2
47 3.5248 1.1415 3.088 2
48 9.6679 2.4804 3.898 2
49 8.1068 2.2760 3.562 2
50 13.5930 1.8009 7.548 1
51 5.8553 0.7486 7.821 1
52 3.0824 0.6992 4.409 2
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Figure 10: Classification of 
sub-watershed of the study 

area based on the 
measurement of the drainage 

density (Dd) indices

Figure 11: a.b.c. The graph of the hypsometric curve  
in the study area (52 sub-watersheds) is dominant  
in a curve resembling the letter S and a concave curve, 
showing that the sub-watershed is moderately eroded. 
Hypsometry curves of sub-watershed from the left 
margin of the study area. (A) is the total surface  
of the sub-watershed, (a) is the surface area within  
the sub-watershed above a given line of elevation (h), 
(H) is the highest elevation of the sub-watershed.
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5.519) in class 2, and grade 5 is fine (5.520-6.899) to 
grade 6 is very fine (6.9-8.279) in class 1. The value of 
Dd in the research area starts from 2.231 to 7.040, with 
the dominant value being in class 2 (see Table 5 and 
Figure 10).

4.1.7. �Curves and Hypsometric Integral  
(HC and HI)

The HC and HI values ​​are obtained from the calcula-
tion of each sub-watershed. The curve shape and HI 
value are controlled by geological factors, especially 
rock and geological structures (Flavio, 2015). The HI 
values ​​are grouped into three classes for the convexity or 
concavity of the hypsometric curve: class 1 with a con-
vex hypsometric curve (HI> 0.5), class 2 with a con-
cave-convex hypsometric curve (0.4-0.5), and class 3 
with a concave hypsometric curve (HI <0.4) as shown in 
Figure 11 and Figure 12.

4.1.8. Relative Tectonic Activity Index (IAT)

This study uses seven geomorphic index parameters 
to produce a relative index of tectonic activity (IAT). 
IAT is obtained from the different class averages of each 
geomorphic index (S/n) parameter. S is the sum of the 
tectonic active class values divided by the number of 
geomorphic index parameters (n). The value of IAT is 
grouped into 4 classes to determine the level of active 
tectonic relativity, as follows: class 1: very high (1.0 - 
1.5); class 2: high (1.5 - 2); class 3: moderate (2 - 2.5); 
and class 4: low (2.5 - 3) (El-Hamdouni et al., 2008) 
(see Table 6).

In this study, the IAT scores were only divided into 3 
classes, because none of the IAT scores were in the very 
high category. The calculation of seven geomorphic in-
dex parameters in 52 sub-watersheds has resulted in IAT 
values with a percentage of class 1 of 0% (very high), 
class 2 of 11% (high-red), class 3 of 54% (moderate-
yellow); and grade 4 at 35% (low-green) (see Figure 
13). This value indicates that most of the research area is 
in class 3, meaning that tectonic activity is in the moder-
ate class. The class of medium or moderate tectonic ac-
tivity indicates that the tectonic processes are balanced 
by the erosion process. Based on geological data, the 
IAT 3 value in the study area is composed of volcanic 
breccia rocks of the Waturanda Formation, which are 
scattered in the limb of the Karangsambung anticline 
(see Figure 13). Values IAT in class 2 are scattered in 
several sub-watersheds were prepared by igneous block 
and metamorphic parts of Luk Ulo mélange complex 
(see Figure 13). These rock blocks are embedded in the 
Luk Ulo melange claystone matrix. Differences in rock 
hardness between blocks and melange matrix affect their 
resistance, thus causing different levels of erosion.

4.2. The geological field evidence

Geological data, such as rock types and geological 
structures, are an important part of this research. Rock 
resistance and geological structure affect morphology, 
and this concerns the level of weathering and erosion. In 
the study area, in addition to rock types and geological 
structures, river terrace deposits were found which were 
composed of layers of cobble, gravel, sand, and soil 
above it. The cobble layer consists of andesite due to 

Figure 12: Classification of sub-watershed of the study area based on the measurement  
of the hypsometry integral (HI) indices

https://translate.google.com/translate?hl=id&prev=_t&sl=id&tl=en&u=https://translate.googleusercontent.com/translate_f%2310#10
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Table 6: Classification of tectonic activity levels (IAT) based on the calculation of the geomorphic index parameter  
(Smf/Mountain front sinuosity, Vf/valley floor width-valley height ratio, SL/stream-gradient index, AF/drainage  

basin asymmetry, BS/drainage basis shape, Dd/drainage density, HI/Hipsometry integral).

No. sub-watershed Smf Vf SL AF BS Dd HI S/n IAT Tectonic activity
1 3 3 2 1 3 2 1 2.14 3 Moderately active
2 3 3 1 3 1 2 2 2.14 3 Moderately active
3 3 3 3 2 2 2 2 2.43 3 Moderately active
4 3 3 1 2 2 2 3 2.29 3 Moderately active
5 3 3 3 1 3 2 2 2.43 3 Moderately active
6 3 3 3 2 2 3 2 2.57 4 Low active
7 3 3 1 2 3 2 2 2.29 3 Moderately active
8 3 3 1 3 2 2 2 2.29 3 Moderately active
9 3 3 3 3 3 2 2 2.71 4 Low active
10 3 3 1 2 3 2 2 2.29 3 Moderately active
11 2 3 3 3 3 3 2 2.71 4 Low active
12 3 3 3 2 3 2 2 2.57 4 Low active
13 3 3 3 1 3 1 3 2.43 3 Moderately active
14 3 3 3 2 3 2 2 2.57 4 Low active
15 2 3 3 3 3 1 2 2.43 3 Moderately active
16 3 3 3 3 3 2 3 2.86 4 Low active
17 3 3 2 1 3 2 2 2.29 3 Moderately active
18 3 3 2 2 3 2 2 2.43 3 Moderately active
19 3 2 3 2 3 2 3 2.57 4 Low active
20 3 2 3 3 3 2 2 2.57 4 Low active
21 3 2 3 1 3 1 2 2.14 3 Moderately active
22 3 2 2 3 3 2 2 2.43 3 Moderately active
23 3 2 2 1 3 2 2 2.14 3 Moderately active
24 3 3 1 3 3 2 2 2.43 3 Moderately active
25 3 3 1 3 3 2 2 2.43 3 Moderately active
26 3 3 2 3 3 2 2 2.57 4 Low active
27 3 3 2 1 1 1 3 2.00 2 Highly active
28 3 2 2 3 3 2 2 2.43 3 Moderately active
29 3 3 3 3 3 2 3 2.86 4 Low active
30 3 2 2 3 3 2 2 2.43 3 Moderately active
31 3 1 2 1 3 2 2 2.00 2 Highly active
32 3 1 2 1 3 2 2 2.00 2 Highly active
33 3 3 3 1 2 2 3 2.43 3 Moderately active
34 3 1 1 1 3 2 2 1.86 2 Highly active
35 3 1 3 3 2 2 2 2.29 3 Moderately active
36 3 3 2 2 3 2 2 2.43 3 Moderately active
37 3 3 2 1 3 2 3 2.43 3 Moderately active
38 3 3 3 1 3 2 3 2.57 4 Low active
39 3 1 3 3 3 3 2 2.57 4 Low active
40 3 2 1 3 3 1 2 2.14 3 Moderately active
41 3 3 3 1 3 3 3 2.71 4 Low active
42 2 3 2 2 3 2 3 2.43 3 Moderately active
43 3 1 3 2 3 2 3 2.43 3 Moderately active
44 3 3 2 2 2 2 3 2.43 3 Moderately active
45 3 3 2 1 2 1 3 2.14 3 Moderately active
46 3 2 2 1 3 2 2 2.14 3 Moderately active
47 3 1 2 1 3 2 2 2.00 2 Highly active
48 3 1 1 1 3 2 2 1.86 2 Highly active
49 3 1 2 1 3 2 2 2.00 2 Highly active
50 3 3 3 2 3 3 3 2.86 4 Low active
51 3 2 3 1 3 3 3 2.57 4 Low active
52 3 1 3 1 3 2 2 2.14 3 Moderately active
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erosion from the volcanic breccia of the Waturanda For-
mation. The cobble shape is sub-rounded to angular. The 
cobble layer is inserted with basalt gravel and andesite, 
which is covered by sand. T-1 comprises of a layer of 
cobble and gravel that is not very clear because it is cov-
ered by sand and organic soil. It is about 10 meters high 
from the riverbed (see Figure 14). Elsewhere, river ter-
race outcrops are showing discontinuous cobble and 
gravel layers, intersected by joints (see Figure 15).

5. Discussion

Research has produced active tectonic information in a 
wide area using several geomorphological indices. Many 
previous studies have used geomorphic index calculations 
to evaluate the relativity of active tectonics, especially 
those associated with active faults (Bull and McFadden, 
1977; Rockwell et al., 1985; Azor et al., 2002; Silva et 
al., 2003; Keller and Pinter, 1996). Many approaches 
use a combination of two or more parameters of a geo-

morphic index to provide semi-quantitative information 
for assessing active tectonic relativity (Bull and McFad­
den, 1977; Silva et al,. 2003; El-Hamdouni et al., 2008; 
Keller and Pinter, 1986, 1996, 2002).

In the study area, geomorphic indices are used to de-
termine tectonic activity, especially those related to uplift 
and indications of active faults. The shape of the sub-
watershed, the shape of the river flow pattern, the shape 
of the steep river valley, and the steep hills indicate up-
lifting in the study area. Geological structure and rock 
resistance can reflect the level of tectonic activity in the 
study area. Evidence of faults, folds, and intensive joint 
distribution are indications that the area is heavily influ-
enced by tectonic activity. Rock hardness can determine 
the active tectonic indication of the study area because 
rock resistance affects topographic relief. Topographic 
relief affects the result of the geomorphic index calcula-
tion in the study area. The calculation of the geomorphic 
index parameters will focus on the Karangsambung am-
phitheater landscape, which is the core part of the study 

Figure 13: Overlap map of the index of tectonic activity (IAT) and geological map. The river terrace outcrop location  
(Red Box)

https://translate.google.com/translate?hl=id&prev=_t&sl=id&tl=en&u=https://translate.googleusercontent.com/translate_f%2310#10
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area. Based on geological data, the landscape of the Ka-
rangsambung amphitheater is an anticline valley that ex-
tends in the east-west direction and reveals Paleogene 
rocks (Asikin, 1974; Harsolumakso, 1996). In the deep 
valley morphology, several solitary hills are formed by 
olistolite blocks such as greywacke, limestone, and lava 
embedded in the claystone matrix of the Karangsambung 
Formation (Asikin, 1974; Harsolumakso, 1996; Prase­
tyadi 2006; Handayani et al., 2021) (Figure 1b and 
Figure 1c). The resistance of the rock blocks produces a 
steep hillside morphology with steep slopes. The mor-
phology is also influenced by the formation that causes 
vertical erosion that forms the Karangsambung amphi-
theater valley. In addition, the exposure of Cretaceous 
rocks in the study area results from the uplifting process’s 
mechanism due to the confluence of two large faults, 
namely the Muria-Kebumen Fault and the Pamanukan-
Cilacap Fault (Satyana, 2002) (see Figure 2). In addi-
tion, based on gravity data, it shows that the research area 
is the part that is experiencing uplift (Subagio, 2008).

The geomorphic index analysis shows that the Vf 
value reflects the different slopes in each valley forming 
a steep slope with a V-shaped valley. The results of the 
calculation of the Vf geomorphic index show a value of 
0.25 to 12.75. The V-shaped valley has a relatively low 

Vf value, and the U-shaped valley has a high Vf value. 
High Vf values dominate the eastern part of the study 
area, from sub-watersheds 1 to 20. Classes 1 and 2 are 
spread over the northern and southern parts of the study 
area. The high value of Vf in the eastern part of the study 
area is strongly influenced by andesite breccia lithology. 
Meanwhile, the V-shaped valley has a low Vf value, 
controlled by lithology and geological structures in the 
form of faults and joints. The lithology is composed of 
claystone and igneous rock as olistolite blocks in the Ka-
rangsambung Formation (see Figure 5 and Figure 13).

The average Af value is in classes 2 and 3, reflecting 
the shape of the steep and asymmetrical valley due to the 
influence of tectonic activity, which results in the slope 
of the sub-watershed so that there is an elevation differ-
ence. The index is sensitive to change in inclination per-
pendicular to the channel direction. An Af factor above 
or below 50 may result from basin tilting, either as a re-
sult of active tectonics or lithologic structural control 
differential erosion, for example, the stream slipping 
down bedding plains over time (El-Hamdouni et al. 
2008) (see Figure 7 and Figure 13).

The BS value of the research area is dominated by 
class 3, meaning that tectonic activity is low. The low 
value of the tectonic activity is reflected in the shape of 

Figure 15: Outcrop of river terrace above the claystone bedrock of the Karangsambung Formation.

Figure 14: a) River terraces, the oldest terraces (T1) are higher standing than the younger terraces (T2 and T3)  
and the present floodplain (T4), b) Geomorphological schematic of fluvial terraces along the Welaran River  

in the eastern part of the study area

https://translate.google.com/translate?hl=id&prev=_t&sl=id&tl=en&u=https://translate.googleusercontent.com/translate_f%2310#10
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the sub-watershed, which tends to be more circular. The 
shape of the circular sub-watershed indicates a balanced 
erosion process between lateral and vertical directions 
(Ramírez-Herrera, 1998) (see Figure 9).

Streams-gradients index (SL) was high, and the inte-
gral curve hypsometry also showed a larger tectonic in-
fluence than the erosion process. Development of topog-
raphy results from an adjustment between erosion pro-
cesses as streams and rivers flow over rocks and soils of 
variable strength (Hack, 1973). These HI and SL values 
reflect the relief of each sub-watershed landscape sur-
face, which tends to be rough and forms a fairly large 
height difference between the peak and the bottom of 
each sub-watershed. Geological structures in the form of 
faults and joints and rock resistance greatly affect the SL 
value. The high SL value in the study area indicates a 
steep topography with lithology in the form of resistant 
volcanic breccias. The HI value of the study area is dom-
inated by class 3 or moderate tectonic activity. The HI 
value reflects the rough topographic relief due to the in-
fluence of rock resistance composed by the Waturanda 
Formation breccia, which is relatively hard and joints 
developed intensively (see Figure 12 and Figure 13).

The results of the IAT analysis show that the research 
area is dominated by the moderately tectonic class 3 
(moderate). However, in the western part of the study 
area, several sub-watersheds fall into the category of 
high tectonic activity (class 2). In terms of rock types 
and geological structures, the western part is comprised 
of mélange rock blocks such as gabbro, schist, 
greywacke, chert, and lava, while the eastern part is 
composed of breccia and claystone. In addition, the 
western part of the study area is affected by intensive 
faults (Cacaban Fault) and jointing (see Figure 13). In 
contrast, the eastern part is only affected by faults and is 
slightly jointed. Different types of constituent rocks and 
geological structures that develop produce other mor-
phological formations. In the western part of the study 
area, the morphology formed is in sharp hills with steep 
slopes and narrow valleys. This affects the slope and the 
shape of the formed valley. The valley formed is reflect-
ed by steep slopes and narrow valley bottoms resem-
bling the letter V. The shape of the V valley is influenced 
by the uplift process, so that vertical erosion is more 
dominant than lateral erosion.

Field geological evidence shows neotectonic activity 
in the form of uplift and indications of an active fault. 
This is shown by the evidence of the deformation of the 
uplifted river terrace. The river terrace deposits (T-1 to 
T-4) are composed of a layer of cobble, gravel, sand, and 
overlying soil (see Figure 14). River terraces and flood-
plains indicate channel-sediment dynamics and repre-
sent important landform features, which can be used to 
untangle the evolutionary history of climate and tectonic 
conditions in a certain area (Trenc et al., 2019). Region-
al tectonic strength significantly impacts river terraces’ 
formation, similar to the Manas River in China (Zhijun 

Gong, 2014). In other locations, indications of tectonic 
deformation are in the form of terrace outcrops showing 
discontinuity of the layer planes (see Figure 15). The 
deformation mechanism is indicated by the relative 
movement associated with the fault zone in the form of 
shear zones and fracture zones that are well preserved in 
the rock. These fractures generally indicate stress-con-
trolled tectonic deformation. Deformation on the terrace 
is the youngest tectonic influence, estimated by the dex-
tral strike-slip movement of the Kedungbener Fault ac-
tivity (see Figure 13). Seismic historical records show 
that this fault had shifted in 1852 on a 6-7 MMI scale 
(URL 3). This evidence indicates the presence of neo-
tectonic activity that affects the geological and geomor-
phological conditions of the study area.

Active tectonic indications of the study area are influ-
enced by north-south trending compression stress due to 
subduction activity in southern Java, which is known as 
the Sunda megathrust active zone south of Java (Saputra 
et al., 2020) (see Figure 1a). This compression stress has 
the potential to reactivate the faults in the study area to 
become active faults. Several epicenters were recorded 
around the study area with depths ranging from 10 km to 
70 km and very few hypocenters with shallow depths 
(<30 km) (URL 2). Thus, the possibility of an earthquake 
is still related to the subduction process in the south of the 
study area. Seismicity history showed the incidence of 
earthquakes affecting research in 1852, 1863, and 1871 
with a MMI scale of VII (URL 3). Seismic recordings 
also show two earthquake epicenters, namely 1) depth of 
10 km, M3.7; 2) depth 33 km, M4.7 (URL 2). Laterally, 
the epicenter of the two earthquakes was about 30 km 
from the study area. Thus, the seismic data indicate an 
earthquake source originating from an active fault shift 
that can affect the tectonic activity of the study area.

6. Conclusions

The tectonic geomorphic index is a tool to analyze the 
influence of active tectonic in a large area using GIS, 
which is based on the value of the ratio of valley floor 
width to valley height (Vf), drainage basin asymmetry 
(AF), stream length – gradient index (SL), the basin 
shape index (BS), mountain front sinuosity (Smf), drain-
age density (Dd), and the correlated hypsometric inte-
gral/hypsometric curve (HI / HC) obtained active tec-
tonic index (IAT) values, namely high tectonic activity 
(13%), moderate tectonic activity (56%), and low tec-
tonic activity (31%). The results of the IAT show that the 
tectonic activity of the study area is dominated by the 
moderate class, meaning that the influence of tectonic 
activity is balanced with erosional activity in shaping the 
morphology of the study area. Although in some sub-
watersheds, it shows that tectonic activity is more influ-
ential than erosion. The high IAT value is in the north-
west of the study area, which has a morphology with 
steep hills, narrow river valleys, is composed of resistant 

Https://earthquake.usgs.gov/earthquakes/map
Https://earthquake.usgs.gov/earthquakes/map
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rocks and is crossed by a fault zone. The analysis of the 
geomorphic index and geological data indicates that the 
study area is influenced by the uplift process and has 
indications of neotectonic activity.
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Sažetak

Tektonska geomorfologija područja Karangsambung, središnja Java, Indonezija

Područje Karangsambung na središnjoj Javi, u Indoneziji, ima složenu geološku građu kao posljedicu tektonske evolucije 
otoka Jave, prouzročenu subdukcijom indijsko-australske ploče ispod euroazijske tijekom krede i paleocena. Rezultat su 
različite geološke strukture i vrste stijena te njihov utjecaj na morfologiju terena. Iznos tektonske aktivnosti bilo je 
moguće odrediti tektonsko-geomorfološkim pristupom. Za geomorfičku obradbu podataka iskorišteni su digitalni 
model površine i geografski informacijski sustav. Uz to, geološki podatci također su uporabljeni za oblikovanje riječnih 
terasa. Izdvojeno je sedam geomorfičkih indeksa, kojima je izračunana najmlađa tektonska aktivnost. Za to je iskorišten 
indeks relativne tektonske aktivnosti područja. On se sastoji od omjera širine dna i visina doline, asimetrije drenažnoga 
bazena, indeksa gradijenta dužine rijeke, indeksa oblika bazena, sinusoidnosti čela planine, gustoće drenaže i hipsome-
trijskoga integrala, tj. krivulje. Indeks tektonske aktivnosti podijeljen je u četiri klase: klasu 1 (0 %) koja označava vrlo 
jaku aktivnost, klasu 2 (13 %) jaku, klasu 3 (56 %) umjerenu i klasu 4 (31 %) nisku aktivnost. Indeks je pokazao kako je 
istraživano područje moguće kategorizirati kao tektonski aktivno, gdje je oblikovana morfologija posljedica uglavnom 
tektonike, a ne erozije. Analiza geoloških podataka na izdignutim i deformiranim izdancima riječnih terasa pokazala je 
utjecaj neotektonike.
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