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Abstract. The structural lineaments developed in the Kulon Progo Mountains, which is mainly composed
of Tertiary volcanic rocks. The direction and distribution of these lineaments density differs from one area
to another. This research was conducted to reveal the geological factor of controlling the variation of
existing lineaments density. Lineaments delineation is done on the whole area on the satellite image of
Kulon Progo Mountain area. From the lineaments map is then made a lineaments density variation map.
Lineaments density variation map that are overlaid by volcanic rock distribution, based on the results of field
studies, will result in a relationship between the geological structure density and the existing rock types
and facies of volcanic rocks. The result of alignments density analysis shows high density values 3-6
km/km? especially located at proximal volcanic rock facies. Low density values of 1-3 km/km? are mainly

located in medial and distal volcanic rock facies.

1 Introduction

The research area is located in Kulon Progo Mountain,
Special Province of Yogyakarta-Indonesia. In this area,
there is a phenomenon of geological structure that develops
on the body of Tertiary age volcanic rocks. Research on
volcanic geology as well as geological structure in this area
has been done by many researchers such as by [1-14].
Normal fault is very common and shows a radial pattern
around the body of Oligo-Miocene age volcano that still
looks quite ideal [2]. This can be seen also in the Geological
Map of Yogyakarta Sheet, according to [3-5] studies
volcanic facies in the southern part of Kulon Progo
Mountain.

Tectonic effects in controlling formation of Kulon Progo
Mountain [6]. [8] concludes that the unique morphological
expression of the Kulon Progo Mountains are caused by the
general trend of tectonics that has occurred in Java since
Eocene. [15] and [16] interpreted north northeast-south
southwest (NNE-SSW) directional alignment as Progo-
Muria alignment. [17], cited the existence of a transform
fracture that accommodates East Java's micro-continent shift
to be the forerunner of the Progo-Muria Fault. [10]
mentioned that the geological structure found in the Kulon
Progo Mountains in the form of a strike slip fault with a
longitudinal direction in the southeast-northwest (SE-NW)
also found normal faults in the east-west (E-W) direction.

* Corresponding author: asmoro widagdo@yahoo.com

[18] suggests that the unique morphological expression
of Kulon Progo Mountains is due to the general trend of
tectonics working on Java since Eocene age. [11] mentions
the geological structure that controls distribution of rocks in
Kulon Progo Mountains in the form of normal faults, thrust
faults and strike-slip faults. [12] mentions geological
structures such as joint, fold and fault can be found in Kulon
Progo Mountains, formed by northwest-southeast (NW-SE)
trending. [13] mentions the presence of shear joint, tensional
joint, normal fault, thrust fault, strike-slip fault and fold in
Kulon Progo Mountains. [14] mentions that the geologic
structure developed in the research area is produced by
compressional tectonic and extensional tectonic phases.

Research that specifically discusses the geological
structure and its relation to the facies of volcanic rock in the
study area has not been deeply conducted. For this reason,
this research is conducted to find out correlation of direction
and lineaments density of geological structure resulting from
image interpretation which can be a joint or a fault with
facies of volcanic rock in Kulon Progo Mountains.

2 Methods

The research method used is through image delineation and
field work. Image delineation is performed to illustrate the
distribution of three existing Tertiary age volcanoes namely
Mount Gajah, [jo and Menoreh. Delineation of geological
structural alignments are also performed on the image of the
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entire Kulon Progo Mountain region including Gajah, Ijo
and Menoreh volcano. To the map of geological structure
lineaments then made lineaments density variation map
every area of one square kilometer (km / km?).

Field work was carried out to illustrate the distribution of
lithology variations that resulted in a map of the distribution
of central, proximal, medial and distal facies on Gajah, [jo
and Menoreh volcano. Field work was also conducted to
verify the results of the interpretation of the volcano's body
distribution of Gajah, Ijo and Menoreh. Fieldwork also
ensures the types of geological structures such as joints,
faults and folds in the field.

From the lineaments map of the geological structures is
made a bar chart of the number of lincaments and rose
diagrams of each lineaments on each body of the Tertiary
volcanic and the existing sedimentary rock formations.
Older rocks will generally record more and more varied
geological structures compared to younger rocks.
Lineaments density variation map then overlay on map of
facies volcano distribution of Gajah, Ijo and Menoreh. From
this overlay can be seen relationship level of lineaments
density with facies of volcanic rocks.

3 Results and discussion

3.1 Volcano-Stratigraphy of Kulon Progo
Mountains

Kulon Progo Mountains are mainly composed of Tertiary
volcanoes. The Old Andesite Formation [1] is the name used
to cover all volcanic rocks in the Kulon Progo Mountains.
Further divisions were made by [3] and [4], by dividing
Kulon Progo Mountains into 3 parts namely Kebobutak
Formation, Andesite Intrusion and Dacite Intrusion.
Through the interpretation of the image in this study is
known the distribution of Gajah, Ijo and Menoreh volcanic
body, and the order of its formation.

In line with [19], the result of volcanic body delineation
shows that Kulon Progo Mountains are composed of three
Tertiary volcano bodies. In the southern part there is a
circular pattern that is still intact from Ijo volcano. This
intact circular pattern covers the body of Gajah volcano in
the middle of Kulon Progo Mountain. With this cross-
cutting relationship, it is certain that volcano Gajah is older
than Ijo volcano.

In the north, there is a half-ridged pattern of Menoreh
volcanoes. This volcano has collapsed and now only half of
it. The rest of this volcano opens to the north. The foot of
this volcano is located above the body of Gajah volcano at
the northern part. Image analysis, added Jonggrangan
Formation rocks, shows that Mount Menoreh is overlying on
this formation as well. Thus Menoreh volcano is younger
than Gajah volcano and Jonggrangan/Sentolo Formations.

Menoreh volcano in the north has no direct connection
with Mount Jjo in the south. Both volcano is younger than
Mount Gajah. The age-sequence relationship between them
can be determined by looking at the spread of the
Jonggrangan Formation. In the south, the Jonggrangan
Formation is above the body of Ijo volcano, while in the
north the Jonggrangan Formation is under Menoreh volcano.

Thus the relative age of Ijo volcano is older than Menoreh
volcano.
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Fig. 1. Volcanic rock facies distribution of three Tertiary volcanics.

Observation of maps and imagery shows that the
distribution of rocks of Mount Gajah in the middle of Kulon
Progo Mountain is covered by erupted rocks of Mount Jjo.
Mount [jo more shows a circular pattern that is still intact,
while Mount Gajah no longer shows this structure (Figure
1). This happens because Mount Gajah is closed by the
presence of Ijo Mountain rocks. This cross-cutting
relationship shows that Mount Gajah comes first and then
Mount Ijo comes to close some parts of Mount Gajah
(Figure 1). Almost the entire body of Mount Gajah which
includes the medial and distal facies on the south side has
been collapsed and covered by the material of Ijo volcano.

The determination of absolute age has been done by
[20], Setijadji, 2005 in [19] and also by [21]. [20], mentions
the age of Gajah volcano is 25.4-29.6 Million years. The age
of Mount Ijo rock is 17.0 + 2.0 to 16.0 + 2.2 Million years.
While Menoreh volcano according to Setijadji, 2005 in [19]
and according to [21], is 11.4 + 0.7 and 12.4 + 0.7 million
years or Upper Miocene.

[22], argued that the distribution of volcanic facies was
developed by Vessel and Davies (1981) and [23] into four
groups, namely Central/Vent Facies, Proximal Facies,
Medial Facies, and Distal Facies. In accordance with the
constraints of the volcano facies, ie a number of lithology
features (physics and chemistry) of volcanic rocks at a
particular location, each of these volcanic facies can be
identified based on remote sensing and geomorphological
data; stratigraphic volcanic rocks; physical volcanology;
geological structure; as well as petrology-geochemistry.
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3.2 Lineaments interpretation

Lineament according to [24] is a phenomenon on the surface
of the earth that exhibits the characteristics of a linear or
curvilinear appearance associated with a fault or a weak
zone. The straightness of the flow pattern is a common
geomorphological expression of lineament. The different
types of rocks also allow to give contrasting appearance to
remote sensing imagery observations.

In Figure 2, depicted the results of the structural
alignments of the structure of each volcanic body as well as
the limestone formation of Sentolo and Jonggrangan. In this
figure, there are 1,289 structural alignments. These
lineaments come from 4 groups of rocks namely Mount
Gajah, Mount Ijo, Sentolo-Jonggrangan Formation and
Mount Menoreh. From this straightness data are made 3
diagrams. The rose diagram illustrates the percentage of
lineaments in each rock group on the left side of Figure 2.
The bar chart of the alignment ratio of all the units of rock is
shown in Figure 3. The rosette diagram comparison of the
percentage of lineaments of each rock group is presented in

Figure 4.
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Fig. 2. Interpretation of structural lineaments of each volcanoes
body and sedimentary rocks in the Kulon Progo Mountains.

Mount Gajah as the oldest volcanic rock group in the
Kulon Progo Mountains shows the highest lineaments of
430 pieces or 33.35 % of the entire existing alignments. The
number of lineaments is the highest compared to the other
rock groups in the Kulon Progo Mountain (Figure 3). As the
oldest volcanic rocks, some of the structures formed on this
volcano's body are also records of structures throughout the
volcano's body to the youngest (Menoreh volcano) and the
sedimentary rock group thereafter. The results of the
drawing of the rosette diagram in Figure 4.7 resulted in a
39.5 % northwest-southeast (NW-SE) general direction,
west-east (EW) of 12.5 %, north-south (NS) of 12.5 % and
slightly (10 %) northeast-southwest direction (NE-SW). The
percentage of lineaments is strongly dominated by
northwest-southeast directed lineaments (NW-SE) of 39 %.

The percentage of lineaments in this direction, in the Kulon
Progo Mountains is the highest percentage of lineaments
after the same lineaments direction in the Jonggrangan and
Sentolo Formation of limestone groups (Figure 4).

Mount Jjo as a second volcanic rock is present in Kulon
Progo Mountain, indicating the presence of 345 majors or as
many as 26.80 % of the entire lineaments in the study area.
In the depiction of the rose diagram of the straightness (Fig.
2) gives a 31.5 % northwest-southeast direction (NW-SE),
15.5 % east-west (EW), northeast-southwest (NE-SW) as
much as 14 %, and a small number of north-south
straightness (NS) as much as 12.5 %. The percentage of
lineamentss direction indicates the dominant value in the
northwest-southeast oriented straightness (NW-SE). The
(NW-SE) on the body of Mount Ijo, is the third straightness
after alignment with the same direction on the Sentolo-
Jonggrangan Formations and the Gajah volcanic rock group
(Figure 4). As a rock formed after Mount Gajah, this
volcano only records the structures that are formed
thereafter, so the number of structures are less than the
Gajah volcano, but still more than the other younger rocks
(Figure 3).
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Fig. 3. Bar chart of the number of lineaments in each rock group.

In Sentolo and Jonggrangan Formation, indicating the
presence of lineaments of 265 units or as much as 20.56 %
of the total lineaments. In the rose diagram of the
lineaments, (Figure 2) gives an overview of the general
direction of northwest-southeast (NW-SE) as much as 45 %;
north-south (N-S) of 22.5 %; and a small number of east-
west (E-W) of 6.5 %. The percentage of lineaments
directions shows the dominant value in the northwest-
southeast (NW-SE) direction. As rock formations that
formed before Mount Menoreh, these formation record
structures that also happen after Menoreh. The number of
lineaments in this rock group is less than all older rocks, but
still more than the younger rocks (Figure 3). In Figure 4, it
appears that the northwest-southeast and north-south
alignment is the dominant lineaments over the straightness
with the same direction in the other rock groups in the
Kulon Progo Mountains.

Menoreh volcano as the youngest volcanic rock present
in Kulon Progo Mountains, shows the presence of
lineaments of 249 pieces or as much as 19.32 % of the
overall lineaments. The rose diagram of the lineament, gives
an overview of the general direction of northwest-southeast
(NW-SE) as much as 30 %, west-east (E-W) as much as 26
%, and north-south (N-S) as much as 14 %. In general, the
percentage of lineament directions shows a value that is not
much different. As rocks formed after Mount Gajah, Mount
Ijo, and Sentolo-Jonggrangan Formation, Menoreh volcano
only records the most recently formed structures, resulting
in the least amount of structures compared to other older
rocks. In Figure 4, it appears that the east-west (E-W)
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alignment recorded on the Menoreh Mountain group is the
dominant alignments, compared to lineaments in the same
direction in other older rock groups. This indicates that the
lineaments of west-east direction (E-W) occurs after the
formation of Menoreh volcano rock group. The east-west
direction (E-W) directed at the older rocks is a young
lineaments.
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Fig. 4. Rose charts of the lineaments percentage in each volcanic
body and sedimentary formation.

Based on the analysis of rose diagrams on the structure
of the oldest to the youngest rocks, it shows that the east-
west trending structure (E-W) is the youngest structure in
the Kulon Progo Mountains. This directional structure also
concerns other older rocks or is recorded at all rock ages.
The northwest-southeast trending (NW-SE) structure
appears on every rock group. This structure is apparent as
the boundary between the rocks of Gajah and [jo volcano.
This fact when associated with the map of the distribution of
volcanic facies, geological map and geological sections will
show the structure of northwest-southeast (NW-SE) that
caused the collapse of Gajah volcano before the birth of Ijo
volcano.

3.3 Density of geological structures

Based on the lineaments density variation map (Figure 5), it
shows that the number of lineaments density is in the length
range of 0—6 km/km?. In the body of Gajah volcano formed
several centers of density range of 5-6 km/km? and the
spread is wide enough for density of 4-5 km/km? in the
northwest. In the body of Ijo volcano, the density range of
4-5 km/km? and the distribution of density 5-6 km/km?
formed in the middle of the volcanic body. At the body of
Menoreh volcano, densities of 4-5 km/km? and 5—6 km/km?
formed in the north and west of the volcano.
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Fig. 5. Lineaments density variation map.

The density value of 0-1 km/km? is mainly developed in
volcano-clastic rocks and sedimentary rocks on the eastern
side of Kulon Progo Mountain. This area is composed of
sandstone tuff, claystone, siltstone, conglomerate which is
distal facies of Mount Gajah and Ijo. Limestone layered,
thick marl, siltstone, calcareous sandstone which is a rock of
Sentolo formation and also claystone, sandstone and marl of
Nanggulan formation compose the eastern side of this Kulon
Progo Mountain. The bending nature of these sediments in
accommodating tectonic forces, further forms ductile
deformation. The geological structure formed in this
deformation is the fold, both anticlines and synclines. Less
intensive joint and fault structures are formed in this rock
group area.

The lineaments density of 1-2 km/km? mainly develops
on the medial facies section of the Tertiary volcano. This
area is mainly composed of tuffaceous breccia, andesite
breccia, agglomerate, tuffaceous sandstone, conglomerate,
siltstone and a thin layer of lava. The volcano-stratigraphy
of rocks in this area shows a combination of ductile and
brittle properties. Thus the fold structure still forms in this
area, especially in claystone, conglomerate, -clayey
sandstone. The joint and fault structures also form on
compact rocks such as tuffaceous sandstone and lava.

The lineaments density of 2-3 km/km? mainly develops
in the proximal-medial part of the Tertiary volcanic body.
This area is mainly composed of dominant andesite breccia,
tuffaceous breccia, agglomerate, fragmental sandstone,
clayey sandstone and a thin of lava. The volcano-
stratigraphy of rocks in this area shows a combination of



E3S Web of Conferences 76, 04008 (2019)
ICST 2018

https://doi.org/10.1051/e3sconf/20197604008

ductile and brittle properties. Thus the fold structures are
still formed in this area especially in the clayey sandstones.
The joint and fault structures also form on compact rocks
such as sandstones and lava.

Lineaments density of 3-4 km/km? mainly develops in
the proximal facies of the three Tertiary volcano bodies.
This area is mainly composed of dominant lava and volcanic
breccia. The volcano-stratigraphy of rocks in this area
indicates a brittle deformation. Thus the fold structure is not
formed in this area. Intensive joint and fault structures are
formed on compact rocks, such as in andesite/dacite
intrusions, and andesite/basal lava.

The lineaments density between 4-6 km/km? develops in
the middle of the three Tertiary volcanoes. This section is
composed of basaltic lava, andesitic lava, andesite intrusive
rock and dacite intrusive rock (Table 1). This area is part of
the central-proximal facies of each Tertiary volcano body in
the Kulon Progo Mountains. All of the rocks in facies are
brittle in response to deformation due to tectonic forces that
have occurred. Thus the rocks will be more likely to break if
there is a tectonic force. Thus the joint and fault structures
are very abundant in this section.

Lineaments mostly appear to lie on hard rock in the
center of every Tertiary age volcanic body. This occurs in
the proximal facies of Gajah, Ijo and Menoreh volcano.
Andesite intrusion rock, dacite intrusion, andesite lava and
basal lava in this section are brittle in response to tectonic
forces that have occurred. While the part of the volcano-
clastic rock that is formed away from the volcanic center,
produces more ductile sediments in response to the tectonic
forces that have occurred. Then, these rocks produce more
folds and fewer joints and faults.

4 Conclusion

There are several conclusions resulting from this research:

1. Kulon Progo Mountain Area is composed of Tertiary
volcanic rocks and Tertiary sedimentary rock
formations. Tertiary volcanic rock consists of Gajah, Ijo
and Menoreh volcano; which form the central,
proximal, medial and distal facies of volcanic rock
associations.

2.  Central and proximal facies volcanic rocks have higher
lineaments density than the medial and distal facies and
sedimentary rock formations.

3. The central and proximal rocks facies composed of
intrusive and lava rocks resulting brittle deformation,
which produces joints and faults.

4. As the oldest volcanic rocks that have recorded all
deformations, the central and proximal facies of Gajah
volcano have a highest geological lineaments density
than the central and proximal facies of other two
Tertiary volcanoes. The older the volcanic rocks and the
more to the center will be more deformed so that more
lineaments will be produced.

The distal facies and sedimentary rock formations are
ductile, thus forming a fold (syncline and anticline) in
response to tectonic stresses

Table 1. Relation of lineaments density with rock types.

Lineament Volcanic Deformation
No Density Rock Types Facies/ Result
(km/km?) Formation
T
claystone > Distal facies deformation,
silt)sltone ’ produces more
y folding
conglomerate.
! 0-1 Bedded
limestone, Sentolo Ductile
thick marl, Formation deformation,
siltstone, (above distal | produces more
calcareous facies) folding
sandstone.
Tuffaceous
Breccia,
andesite
breccia, Ductile and
2 1-2 agglomerate, Medial facies | brittle
tuffaceous deformation
sandstone,
conglomerate,
siltstone.
Mainly
andesite
breccia,
tuffaceous
breccia, . Ductile and
3 2-3 Proximal and .
agglomerate, . . brittle
Medial facies .
fragmental deformation
sandstone,
clayey
sandstone and
a thin lava.
Mainly Lava . Brittle .
. Proximal deformation,
and volcanic .
breceia facies produces more
joint and fault
4 34 Reefal Jonggrangan | Brittle
limestone, Formation deformation or
clastic (above effected by
limestone and medial basement
thin marl. facies) deformation
Basalt_lg Lava, Brittle
andesitic lava, | Central and .
35 4-5 . . deformation,
andesite and proximal
dacite facies produces more
intrusion joint and fault
Basalt_lg Lava, Brittle
andesitic lava, | Central and .
6 5.6 . . deformation,
andesite and proximal
dacite facies produces more
intrusion joint and fault
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