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Abstract. Kulon Progo Mountains areas are formed by three Tertiary volcanic bodies
that formed during Oligocene-Miocene times. Each volcano shows different tectonic
control and stratigraphic result. This research conducted through interpretations of
volcanic bodies, construction of stratigraphic columns, construction of geological
cross-sections, supported by lithological-structural data from the field and some
previous researchs. There are four volcanism periods in Kulon Progo Mountains,
namely Late Eocene Volcanism, Early Oligocene Volcanism/Gajah, Late Oligocene
Volcanism/ljo and Late Miocene Volcanism/Menoreh. Gajah shape shows there are
collaps volcano at the southern part and it was happened before ljo emerge. Volcanism
of the Eocene-Gajah-ljo period is related to the Palaeogene extensional rifting period.
ljo volcano covers the southern part of Gajah Volcano. Menoreh volcano emerges at
Late Miocene and covers Gajah volcano and Jonggrangan Formation. Menoreh
Volcanism is related to the period of Neogene Compressional Wrench that produces a
sinistral fault with left-stepping left lateral fault pattern.
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1. Introduction

Kulon Progo is a mountainous area in southern Central Java (Figure 1) that is formed by a series of
Tertiary volcanoes [1,2,3,4]. Three known Tertiary volcanoes are Gajah, ljo and Menoreh volcano.
These mountains are part of the Tertiary volcanic arc in southern Java. The three volcanoes aged are
Oligocene-Miocene above on Eocene bedrock. At these times there are activities of superimposed
volcanism in Kulon Progo Mountains.

Based on the study of other researchers, mentioned the existence of older volcanic rocks in the
southern part of Java Island including Kulon Progo region. Publication by [5] describes the arc of
Eocene magmatism /volcanism in southern Java. The presence of Eocene volcanic rocks is determined
by the results of [6]. These rocks are located in the central part to the north of the body of Mount ljo.

Reference [7] mentions the existence of volcanic components in quartz sandstone of Nanggulan
Formation, in addition to metamorphic and plutonic materials. Basal rock fragments are found in the
quartz sandstone of Nanggulan Formation, which are Eocene-aged [8] with a large percentage. The
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research resulted by [9] also mentions the existence of igneous rock fragments, on the quartz sandstone
of Nanggulan Formation.
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Figure 1. Location of research area in Java island constellation.

2. Regional Stratigraphy

The stratigraphy of Kulon Progo is included in the Old Volcanic Group, which is composed by
Nanggulan Formation Rocks and volcanic rocks of Kebo-Butak Formation. The Nanggulan and Kebo-
Butak formations are intruded by shallow intrusions of microdiorite, andesite and dacite [10, 11],
which generally have alteration [4, 12, 13]. Some publications [4, 10, 11] state that these volcano
groups are covered unconformitycally, by shallow marine deposits of the Jonggrangan and Sentolo
limestone Formations.

2.1. Metamorphic Rock

So far, it is mentioned that the base rock of Kulon Progo mountains is Nanggulan Formation [1, 4, 10,
11, 14], but [15] mentions the presence of metamorphic rocks on the eastern side of Menoreh
Mountain. This rock is in the form of schist and phyllite found on volcanic andesite breccia and
xenolith in andesite lava. Thus, it can be ascertained that the base-rock of Kulon Progo mountains are
metamorphic rocks. This is similar to the southern mountains area on the east side and the Serayu
Mountains on the west side, which is above the metamorphic rocks.

2.2. Nanggulan Formation

Nanggulan Formation has an area with hilly morphology in Nanggulan area (east of Kulon Progo
Mountain). Locally this formation is also found in the Sermo-Kokap area in the form of lenses or
xenolite blocks in igneous andesite rocks. Research by [1] explains that this formation is the oldest
rock in Kulon Progo Mountains. The deposition environment is lithoral in the transgression phase. Its
constituent lithology consists of sandstones, lignite [16, 17, 18], marl, claystone, limestones,
sandstones, tuffs rich in foraminifera and molluscs, estimated to be 350 m thick. Based on the study of
planktonic foraminifera, the Nanggulan Formation has an age range between the Middle Eocene to the
Oligocene [1, 2, 16, 19, 20, 21]. This formation is formed in a shallow marine environment to
transition [8].

2.3. Old Andesite Formation/Kebo-Butak Formation

The Old Andesite Formation [1] or Kebo-Butak Formation [10, 11] is deposited unconformity over
Nanggulan Formation. Its lithologies is volcanic breccia with andesite fragments [14], andesite [4, 10,
11, 14, 22], dacite intrusion [4, 10, 11], basal intrusion [14], lapilli tuff [14], lapilli breccia, andesite
lava [14], agglomerates, and volcanic sandstones exposed in many locations in the area Kulon
Progo. This formation is exposed in both the central, northern, and southwestern regions of the Kulon
Progo Mountains that form a moderate to steep ridge of morphology. The thickness of this formation
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is approximately 600 meters. Age of the Old Andesite Formation is Upper Oligocene [5, 23, 24, 25,
26], to Miocene [26, 27].

2.4. Jonggrangan Formation

Above the Old Andesite Formation there is a Jonggrangan Formation dposited unconformable on
volcanic heights [28, 29]. This formation in general, the lower part consists of conglomerates,
tuffaceous marl, and calcareous sandstone with molluscs content, as well as claystone with lignite. At
the top, the composition of this formation is layered limestone and reefal limestone [30]. The thickness
of the constituent rock formation is 200-500 meters [1] and has an Early-Midle Miocene age. The
bottom of this formation is inter-fingering with the bottom of the Sentolo Formation. The morphology
formed from this rock formation are mountains and conical hills and scattered in the middle of the
Kulon Progo Mountains [1].

2.5. Sentolo Formation

Above the Old Andesite Formation, in addition to the Jonggrangan Formation, is also deposited the
Sentolo Formation. The relationship between the Sentolo Formation and Jonggrangan Formation is
inter-fingered. Sentolo Formation consists of limestone and marl. The bottom consists of a
conglomerate piled by tuffaceous marl with tuff. These rocks upward gradually change, becoming a
nice layered limestone rich in foraminifera. The thickness of this formation is about 950 meters.
According to [31], the age of this formation is the Early Miocene to Pliocene.

3. Research Method

This study combines the results of field research with several other previous research results by several
authors, interpretation of volcanic bodies distribution, construction of stratigraphic column,
construction of geological sections, and lithological-structural data obtained during field observations.
Through the delineation of volcanic bodies distribution can be known sequence of volcanic formations
and relationships with the geological structure which is formed.

4. Volcanism

4.1. Late Eocene Volcanism

Results of the dating conducted by Ngkoimani et al., 2006, in [6] to the Eocene igneous rocks resulted
in age 47.42 + 3.19 or Midle Eocene. This rock is in the body of Mount ljo volcano. The types of
rocks in these area are lava andesite and basal. This Eocene volcanic rock is within the circle of Mount
ljo's body, as the bedrock of Mount ljo's body. This rock is above the Naggulan Formation in the
southeast.

The basal rock fragments encountered in the quartz sandstone of the Nanggulan Formation are most
likely derived from the Eocene volcano in this area. At the bottom of the Nanggulan Formation present
the tuffaceous material and andesite / basaltic rock fragments in quartz sandstone. Also found in the
field, mixing of claystone (Nanggulan Formation) and andesitic rock fragments, at the top of the
Nanggulan Formation (as sedimentary melange). These igneous andesitic rocks were originally lava,
which is flow above the black clays of Nanggulan Formation, which was still not compacted. Due to a
disturbance, these igneous rocks then enter into the clay material that has not been consolidated.
(Figure 7. Part a).

4.2. Early Oligocene Volcanism

Gajah Volcano is located in the middle of the Kulon Progo Mountains and some researchers claim to
be the oldest volcano in this area [1, 3]. This volcanic eruption is centered in the west and spreads far
to the east, north and slightly westward. The far facies of the west and south sides of this mountain
have been broken and missing covered by younger volcanic materials or sediments. The rocks present
in the proximal facies close to the center are basaltic andesitic intrusive rocks, andesite lava (Fig. 7
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Part b) and andesitic breccia. While the rocks far from the center are laharic andesite breccia,
conglomerate, tuffaceous sandstone, siltstone and lava still can be found.

400.000 mE 410.000 mE 420.000 mE
SONENERRE = N =

uarternary Mergp
‘olcanic Deposit’

9.160.000 mN

9.150.000 mN

- Quarternary M
- Volcanic Depo:

9.140.000 mN

9.130.000 mN

S s R SRR

Figure 2. Distnbutibn of the three volcanics in Kuloh Progo.

The southern side of Gajah Volcano is cut by the fault or collapsed at the end of its active period.
These normal faults have trend at northwest-southeast (NW-SE) directions. These faults then become
the boundary with Mount ljo which is present later in the south. So the relatively complete Gajah
Volcanic stratigraphic record is from the volcanic centre to the eastern side, until it is limited by the
Naggulan Formation (Figure 2).

4.3. Late Oligocene Volcanism

The intact circular pattern of the ljo volcano in the south of Gajah mountain, indicates that this
mountain is still younger than Mount Gajah (Figure 2). This intact circular pattern covers the body of
Gajah volcano in the middle of Kulon Progo Mountains. Mount Ijo more shows a circular pattern
(circular features) which is still intact, while Mount Gajah no longer shows this structure. This cross-
cutting relationship shows that Mount Gajah comes first and then Mount Ijo comes to close some parts
of Mount Gajah (Figure 3).
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Figure 3. North-South cross section (N-S) of Kulon Progo Mountains.

10 Km 20 Km 30 Km

4.4. Late Miocene Volcanism

In the Late Miosen age, volcanic activity appears on the northern side of Kulon Progo Mountains. This
volcano is Mount Menoreh at the northern end of Kulon Progo Mountains which is now encountered
with a semi-circular pattern (Figure 2). This volcano has collapsed and now only half of it. The rest of
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the volcano's body opens to the north. This volcano foot is above the body of Mount Gajah and
Jonggrangan Formation.

Menoreh volcano is the youngest volcano in the Kulon Progo Mountain range. Menoreh volcano
that was formed at the age of Late Miocene, separated from volcanism of Mount Gajah and ljo by a
long time span, covering the post-1jo erosional period, the settling period of Jonggrangan and the post-
Jonggrangan erosional period. [27] conducted an absolute age analysis by K-Ar method of a rock
taken from a volcanic centre near Borobudur Temple (north side of Kulon Progo Mountains).
Hornblende age analysis showed age of 12.4 + 0.7 Million years ago or Late Miocene.

According to regional geological maps, Menoreh volcanic rocks are above the Nanggulan
Formation. However, based on this study the Menoreh volcano is also above the medial-distal facies,
on the north side of Mount Gajah and also above the Jonggrangan Formation (Figure 3 and 4).
Metamorphic rocks of schist and phyllite are also passed by the magma of Menoreh Mountain. These
are shown by the encounter of schist and phyllite in the area of Sileng River, south of Borobudur
Temple (east side of Menoreh Mountain) and in Menoreh Village, Salaman-Magelang Sub-district
(west side of Menoreh Mountain).
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Figure 4. Stratigraphic column of Kulon Progo Mountainous Area.

5. Tectonism
[4] suggests that the Kulonprogo region and its surroundings belong to the South Serayu Mountain

Range, which is regionally a transition, which lies between the northeast-southwest (NE-SW)
Mesozoic palaeo-subduction and the west-east (W-E) Early Tertiary-Quarter subduction trend. Thus it
can be expected that both patterns of the structure will be the dominant feature in the Kulonprogo area.
In addition, the Kulonprogo area is also suspected to be formed by deformation of at least 2 times the
tectonic phase periods, the first occurring in the Late Oligocene-Early Miocene and second on the Late
Miocene-Quarter which produces a magmatic arc.

At Late Oligocene-Early Miocene tectonic activity reaches its peak, which is marked by the uplift
of Kebo Butak Formation. The existence of north-south trending (NS) to northeast-southwest (NE-
SW) compression stresses led to the formation of strike slip fault, folding and formation of joints in
Kebo Butak Formation which was then filled by dyke andesite, dacite and quartz veins [5]. As the
intensity of compression energy decreases, some of the normal faults occur in the same direction as the
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tensile and extension build-up, followed by acid-intermediate intrusions and hydrothermal alteration
followed by mineralization [4].

At the Late Miocene - Quarter, tectonic activity occurs again, resulting in fault and lifting in the
Kebo-Butak Formation and the rocks above it. Locally there is a reorientation of the originally north-
south (N-S), north-south-east (NE-SW) stress. The formation of fault, brecciation and fracture appear
more dominant, while the filling of the fracture by hydrothermal solution becomes less prominent [4].

The compression stress that works since the Midle Miocene to Plio-Pleistocene is generally almost
perpendicular to the island of Java. The stress corresponds to the major compression period, which
occurs due to the encounter of the Indian-Australian ocean plate with the Southeast Asian continental
plate. Thus the island of Java is controlled by a 3-way structure that is northwest-southeast, northeast-
southwest and north-south. In the Kulon Progo area, the northeast-southwest direction, in general, has
controlled the occurrence of shallow intrusions that produce mineralization [4].
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Figure 5. Tectonostratigraphy of Kulon Progo Mountains.

6. Discussion
Kulon Progo is a part of the transition area, between the Mesozoic, northeast-southwest (NE-SW)
palaeo-subducsion, and the Early Tertiary-Quarterly west-east (E-W) subduction. Both structural
patterns are expected to be the dominant feature in the Kulon Progo area. The northwest-southeast
trending structure (NW-SE) present at all layers of rock (Figure 5) is probably an old, activated
structure. Kulon Progo is also suspected to be formed by deformation of at least 2 times the tectonic
phase periods, the first occurring in the Late Oligocene-Early Miocene and second on the Late
Miocene-Quarter. The Late Oligocene Period - Early Miocene controls the emergence of Gajah and ljo
volcanisms, while the Late Miocene period forms Menoreh volcanism (Figure 5).

Publication by [32] states that the process of Tertiary structure formation in Java can be divided
into 3 periods namely (1) Palaecogene Extensional Rifting, (2) Neogene Compressional Wrenching and
(3) Plio-Pleistocene Compressing Trust-Folding. The Period of Palaeogene Extensional Rifting is
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characterized by a rifting process on Eocene-Oligocene that initiates the formation of Tertiary basins
in Java [32]. In general, the rifting process in each region forms the orientation of the graben and half
graben structures (half graben) in certain directions, indicating the existence of tectonic order controls
on the early formation of basins [32]. Research resulted by [8] mentions the formation of normal faults
and grabens as the forming of the basin for Nanggulann Formation in this period. In the Kulon Progo
Mountains, this period resulted in Eocene magmatism and volcanism (47.42+319 Mya), Gajah
volcanism (28.31+3.46 Mya / Early Oligocene data from Kalisonggo-Nanggulan) and ljo Volcanism
(25.98+0,55 Mya / Late Oligocene (Data from Mount ljo-Kokap). The extension of this period also
causes instability of the basin resulting in sedimentary melange Eocene at the top of the Nanggulan
Formation.

The Neogene Compressional Wrench period is characterized by the formation of shear faults,
which mainly result from the compressive stress of the Indian Ocean plate collision. The resulting
shear faults have a particular orientation, which corresponds to the main compression direction. Most
of the fault movement is the reactivation of normal faults formed in the Palaecogene period [32].
Publication by [33] mentions the presence of a sinistral fault due to the north-south compression stress
employed in the Kulon Progo Mountains. This sinistral fault is better known as Progo-Muria fault
according to Smyth et al (2005), [6, 7, 34]. This compressional period also produces Menoreh
volcanism at 12.4 + 0.7 Mya / Late Miocene [27]. This compression phase is capable of producing
volcanism because of a sinistral fault formed by left stepping sinistral fault, to produce transtensional
Zones.
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Figure 6. Distribution of Palaeogene to Quaternary volcanic rocks in Java [5].
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The Plio-Pleistocene Compressional Thrust-Folding Period is characterized by the formation of
folds, which continues in the formation of thrust fault. Anticlinorium and thrust-belt that have a certain
orientation, they are associated with the direction of compressions and kinematics formation [32].
Thrust fault and folding on the eastern side of the Kulon Progo Mountains were generated during this
period as a result of interaction with the southern Mountains of Java in the southeast part.

Publication by [19] argues that the geological history of southern central Java, at the time of the
Palaeogene was ended by regional tectonic events on the Late Oligocene. During this period there is
strong faulting and subsequent subsidence followed. In Kulonprogo this period is influenced by
tectonic blocks, due to fault movement and volcanic activity. The Old Andesite Formation (Gajah and
Ijo) was present due to this phase.

Java Island is as part of the Sunda Arc, which is a Tertiary arc of Tertiary to Quaternary volcano.
This volcanic arc, formed as a result of subduction in the south of Java. Although the position of the
subduction path develops or changes closer and away from the mainland of Java Island, but the
location of volcanic arc on the island of Java is relatively at fixed position. This results in the
occurrence of superimposed volcanism over time. This can be seen from the spread of volcanic rock in
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Java, as stated by [5], as in Figure 6. Four periods of volcanism namely Eocene, Early Oligocene, Late
Oligocene and Late Miocene are in one area, and the young cover the old.

Research by [26] suggests two Tertiary magmatic events that have occurred in Central Java. Both
are characterized by an increase in potassium to time (transition from low-K to K-medium and
sometimes K-rich calc-alkaline series). The first magmatic episode occurred during the Eocene-Early
Miocene (40-19 Ma) with the E-W volcanic axis trend, located 50 km of the active Sunda arc axis. The
second volcanic episode is as part of the base of Quaternary volcanism. This episode occurs within the
age range 11-3 Ma (Late Midle Miocene - Late Pliocene). This second event shows the early presence
of the modern Sunda arc. In the Kulon Progo Mountains, the three Eocene-Gajah-1jo volcanisms are in
the first volcanic episode, while Menoreh volcanism is in the second volcanic episode.
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Figure 7. Field appearance of rocks from the 4 volcanic bodies in Kulon Progo Mountain.

Conclussions

Some conclussions of the study of tectonostratigraphy-volcanic of Gajah-l[jo-Menoreh Tertiary

volcanic formations in Kulon Progo Mountain area are as follow :

1. There are four periods of volcanism in the Kulon Progo Mountains, namely Late Eocene
Volcanism, Early Oligocene, Late Oligocene and Late Miocene volcanism.

2. Volcanism of the Eocene-Gajah-ljo period is related to the Palaecogene extensional rifting period.

3. Menoreh Volcanism is related to the period of Neogene Compressional Wrench that produces a
sinistral fault with left-stepping left lateral fault pattern.

4. Kulon Progo mountains are located on 2 zones of magmatic arc, namely Late Eocene - Early
Miocene magmatic arc, and Late Miosen - Pliocene Magmatic arc.
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