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Eko Prasetyo Nugroho Saputro®

This paper investigates the palaeogeographic evolution of the Wonosobo Volcanic
Area (WVA) of Central Java, Indonesia and its impact on ancient human life beginning
from the Ancient Mataram era of the seventh-eighth centuries. Primary observations
conducted across nine zones of three distinct volcano units were cross-referenced
with existing geological and topographical maps and relevant secondary literature
to create a chronology of landform evolution. Traces of past life were found spread
throughout the WVA. In the Sundoro Stratovolcano area, which was still experienc-
ing activity in the time of Ancient Mataram, volcanic eruptions were disastrous, with
evidence of at least one settlement buried. But in the Sumbing and Dieng Volcanic
Complex areas, which have been inactive for two-three centuries, the impact of vol-
canism on human life is not as apparent. Instead, the denudation process, exacerbated
by the climate conditions, is more influential, as evidenced by various archaeological
relics that are buried in alluvial material. This study provides alternative information
about the contribution of natural factors in influencing the dynamics of life in Ancient
Mataram. This study also offers new insights into the influence of palaeogeographic
changes on human-environment interaction on a long temporal scale.
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Introduction

Since ancient times, volcanoes have been at the heart of—and the inspiration for—civi-
lizations due to their natural resource potential and the social-spiritual benefits of the
human-volcano relationship (Sutikno et al. 2007; Bachri ef al. 2015). But little is known
about the evolution of volcanic landforms and its influence on ancient life. What natural
processes are involved in this evolution and how have they impacted the way people live
with the environment?

Indonesia offers the ideal place for such an inquiry. Active volcanoes are a primary
feature of the Indonesian landscape, as indicated by the large number distributed across
various regions of the country. Globally, Indonesia is home to no less than 13 percent of
the world’s active volcanoes, making it the country with the highest level of volcanism
(Zaennudin 2010; Verstappen 2013). According to historical records, 47 percent of
eruptions in Indonesia have occurred on the island of Java. Volcanoes have been active
since the beginning of the island’s formation in the Eocene Epoch (Hall 2009) and eruptions
are expected to continue to evolve naturally over time given Java’s geological conditions
(Verstappen 2010). Volcanic landforms and mountains account for 60 percent of Java’s land
cover (Hadmoko ef al. 2017), with stratovolcanoes the most common morphological type
(Ashari and Purwantara 2022).

As an essential landform of Java, volcanoes have been the center of ancient civilizations
on the island. Lavigne et al. (2008) explain that volcanic slopes have been occupied by
people for thousands of years. Most of Degroot’s (2009) findings of hundreds of temple
relics in Central Java are in the volcanic landscape compared to other regions. Indeed,
the Borobudur and Prambanan temple compounds, referred to as the ancient capital are
between two volcanoes. But volcanic activity has also ruined civilizations: the ancient
village site of Liyangan on the eastern slope of Sundoro Stratovolcano (Riyanto 2015) and
the Asu Temple Complex on the western slope of Merapi Stratovolcano (Ashari 2013)
were both buried by pyroclastic material. Thus, the evolution of volcanic landforms has
been an essential factor in determining the emergence, development, and disappearance
of ancient civilizations on Java.

The influence of landform evolution on life has long been studied. Wang and He’s
(2022) study on fluvial stretches demonstrated that human life is closely related to the
evolution of rivers. Similarly, Lu ef al. (2019) and Ashari (2022) found that the evolution
of the fluvial landscape has impacted ancient settlements. The research of Ghilardi ef al.
(2017) details how the slow evolution of landforms has allowed human civilizations to
develop longer, resulting in various forms of cultural remains. In contrast, when landscape
changes suddenly occur, the impact on civilizations is more severe. In their study of a
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piedmont area, Zhang et al. (2022) proved that the evolution of land that caused flood
fixation provided opportunities for the development of a more advanced civilization. These
studies provide insight into the close relationship of landscape evolution to human life
and culture. Slow change provides a stable environment for cultural development. On the
other hand, massive changes can trigger disasters that hinder or even eliminate a culture.

The particular influence of volcanic landscape dynamics on human life has also
received significant attention. However, previous studies tend to focus on catastrophic
events, instead of gradual evolution over a longer temporal scale. A single catastrophic
event can cause a direct impact on human civilization, such as the burial of Pompeii by
the eruption of Vesuvius in 79 CE (Sheets 2015) or the burial of the three kingdoms on
Sumbawa Island by the eruption of Tambora in 1815 (Sutawidjaja et al. 2006). Volcanic
eruptions can also affect conditions in the global atmosphere, which then affect human
life across a wider area, as happened in the eruption of Krakatoa in 1883 (Schroder 2002)
and Tambora in 1815 (Wood 2015). Unlike these studies, however, this research elaborates
on the impact of various events related to the evolution of the volcanic landscape over a
longer time frame.

Volcanic landforms can evolve both through eruptions and denudation processes
controlled by exogenous forces. To investigate the natural processes involved in this
evolution and the impact of they have had on human life over time, this study focuses on
the Wonosobo Volcanic Area (WVA) in Central Java. The WVA is dominated by three
main volcanic morphologies, namely the twin Sumbing and Sundoro stratovolcanoes and
the Dieng Volcanic Complex (DVC). This region is known as the cradle of the Javanese
civilization (Degroot 2009) and has been inhabited for thousands of years, during which
time numerous natural processes have changed the land conditions.” In examining the
paleogeographic evolution of the WVA and its impact on human life, this study provides
new information about the role of natural factors in the dynamics of Ancient Mataram and
new insights into the influence of palaeogeographic changes on human-environment
interaction in ancient times.

Methods

The Study Area
The study was carried out across the Wonosobo Volcanic Area (WVA), where volcanic
features align along a SE-NW axis with Sumbing Stratovolcano in the southeast, Sundoro

1) According to the Global Volcanism Program of the Smithsonian Institution, more than one million
people lived in the Wonosobo Volcanic Area in 2021.
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Stratovolcano in the middle, and Dieng Volcanic Complex (DVC) in the northwestern
quarter of the area (Fig. 1). Administratively, the research area spans six regencies in
Central Java Province with a total area of 1,326 km? (Fig. 1). Three large rivers originate
from the WVA, namely the Serayu (181 km long), the Progo (138 km long), and the
Bogowonto (67 km long), thus it plays a vital role in the hydrologic system of Central Java.

Data Collection and Analysis

The study area is divided into nine zones. The Sumbing and Sundoro stratovolcanoes
are each divided into four zones to represent all slope sectors, namely SE, SW, NW, and
NE. Meanwhile, the DVC is classified as a separate zone (Fig. 2). In each zone, observa-
tions were conducted to obtain primary data on the geological and geomorphological
conditions, archaeological sites, toponyms, and other traces of past life. The largest
number of observation points is in the DVC, with nine locations spread throughout the DVC
volcano complex. Observations were carried out to obtain primary data on the geological
and geomorphological conditions to estimate the genesis and create a chronology of
landform evolution in the WVA. We applied Verstappen’s method (2014) to conduct a
geomorphological-synthetic survey.

Meanwhile, secondary data was interpreted. Existing remote sensing images were
sourced for data on geomorphologic conditions. Relevant literature was reviewed for
pertinent historical and archaeological facts as well as relevant information about land-
form evolution and community life in Ancient Mataram era (Table 1). Finally, geological
data was acquired from geological maps and geomorphological data from Indonesian
Topographical Maps (Geospatial Information Agency of Indonesia 2000). This data was
cross-referenced to create a chronology of landform evolution, as depicted in Figs. 3 and 4.
Descriptive data analysis was supported by GIS analysis using average nearest neighbor
and buffering.

This study combines a geographic and historic approach. A descriptive analysis was
employed to better understand the chronology of natural events in the past and thus paint
a picture of landform evolution. To construct the chronology, we begin with careful
observation of existing geomorphologic conditions and rely on the basic concept of “the
present is the key to the past.” There are four stages to this analysis (Table 2). To better
understand past life in the study area, a four-step historical analysis was employed:
source collection (heuristics), source critique (verification), interpretation, and writing
(historiography).
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Table 1 Data Types, Data Collection Techniques, and Data Instruments/Sources

No

Data Collection

Variables Techniques

Instruments/data Sources

Geomorphological conditions:
- Morphography

1 Morphometry
- Morphogenesis

Observation

- Morphocronology
- Morphoarrangement

Observation sheets, GPS, geological compass,
abney level, roll meter, digital camera

Remote sensing image
interpretation

Landsat 8 OLI Imagery and Google Earth
Engine

Document analysis

Indonesian Topographical Map (Geospatial
Information Agency of Indonesia 2000),
Sheets on Wonosobo, Parakan, Temanggung,
Kertek, Kaliangkrik, Magelang, Watumalang,
Batur, and Kejajar

Literature study

Ashari (2014; 2019)

Geological conditions:
2 - Lithology Observation
- Stratigraphy

Observation sheets, GPS, geological hammer,
geological compass, digital camera

Document analysis

Indonesian Geological Map, Sheets on
Magelang-Semarang (Thanden et al. 1996),
and Banjarnegara-Pekalongan (Condon et
al. 1996)

Literature study

Harijoko et al. (2010; 2016)

3 Historical and archaeological
remains

Literature study

Riyanto (2015; 2017), Tanudirjo et al. (2019),
Sukronedi et al. (2018), Santiko (2013)

4 Toponyms and local wisdom  Literature study

Sukronedi et al. (2018), Lavigne et al. (2008)

Table 2 Landform Evolution: Four Stages of Analysis

Stages Analysis Procedures
Describe all the geomorphologic aspects of existing landforms, including the morphology, materials,

Stage 1  geomorphologic processes, genesis, climate, and tectonics, using the combined methods of King,
Davis, Penck, and Verstappen (as explained in Huggett 2017; Pramono and Ashari 2014).
Interpret the genesis and development of landforms based on the concept of “the present is the

Stage 2 key to the past,” recognizing that current geomorphological conditions are the result of past

g processes. This process is supported by the interpretation of various types of rock formations in

the study area.

Stage 3 Apply the basic concepts of geomorphology to ensure the accuracy of the interpretation.

Stage 4 Examine secondary data to confirm absolute dating. When this is not possible, determine chro-

nological events by performing relative dating.
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Chronology of the Landform Evolution of Sumbing Stratovolcano
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Fig. 3 Reconstruction of Paleoeruption Affecting the Evolution of Landforms in Sumbing Volcano. (A) SE
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Source: Sitorus ef al. 1994
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Chronology of the Landform Evolution of Sundoro Stratovolcano
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Results

1. Physiographic Conditions and Paleogeographic Evolution of the Wonosobo Volcanic Area
(1) Sumbing Stratovolcano

Sumbing is a stratovolcano in the southeast of the WVA with a height of 3,371 masl.
According to the Center of Volcanology and Geological Disaster Mitigation (CVGDM) of
the Republic Indonesia (2014a), the crater lip of the northeastern part of this volcano was
destroyed by the eruption. It looks torn, or split, and hence was given the name Sumbing,
meaning “chipped.” The Cultural Heritage Conservation Center (locally known as BPCB)
of Central Java Province provides a different explanation, wherein the name Sumbing
comes from Wukir Sumving, which was the name for Sumbing Volcano in the Ancient
Mataram era, as referenced in the Mantyasih I Inscription of 829 Caka, or 907 CE
(Sukronedi et al. 2018).

Sumbing is unique in that it has a perfect cone shape that is divided into three sectors,
as explained by Verstappen (2013). These are: the cone (tip) as the first sector, the slope
as the second sector, and the foot as the third sector. Each sector is distinguished by a
break, or sudden change, in slope. Sumbing’s constituent rocks are andesite, basalt, and
dacite. The CVGDM (2014a) explains that Sumbing experienced an eruption in 1730 CE,
which created a peak crater with a lava dome and lava flowed toward the lowest crater
lip. Lavigne ef al. (2008) confirm that: 1) the eruption in 1730 CE formed the lava dome
that exists today and 2) a pyroclastic flow formed due to collapse in one part of the dome.
According to Suhendro et al. (2024), Sumbing has experienced seven explosive eruptions.
All eruptions occurred between 27.4 Ka and 1.1 Ka, meaning that there have been no
major explosive eruptions in the last 9,000 years.

Sumbing’s slopes exhibit complex physiographic conditions. The SE zone is formed
by a protracted volcanism marked by a diverse array of eruptions. Tephra deposits are
30 meters thick and spread across the slope and foot sectors. Following the deposition
of this tephra, a 25-meter-thick pyroclastic flow was deposited. The youngest material
1s a 12-meter-thick andesite lava flow that extends in a narrow strip. The evolution of
the landform in the SE zone began with the emergence and activity of Mount Kekep
during the first period of Sumbing activity. Subsequent volcanic activity formed Mount
Giyanti and Mount Condong in a second period. Finally, the cone of Sumbing Stratovolcano
was formed in the third period of activity. Overall, this zone was the most affected by
the Sumbing eruption from the first period to the last (Fig. 3A).

Material on the SE slopes of Sumbing Volcano consists of lahars sourced from rock
disintegration on the upper slopes of Sumbing and weathered rocks from various old
stratovolcano units. Observations from various sample locations in the field indicate
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that deposits from these various sources have mostly lithified, forming more solid and
hard layers.

The SW zone of Sumbing was formed from explosive eruptions that produced tephra
deposition and pyroclastic flows, preceded by effusive eruptions that produced andesite
lava. This zone is relatively older than other parts of Sumbing’s slopes. The chronology
of landform evolution in this area is divided into three periods. The first period occurred
during the transition between the Tertiary and the Quaternary periods of the Pleistocene
Epoch and is marked by the formation of Potorono Hill. In the second period, Namu-
Namu Lava was deposited. Finally, in the third period, multiple eruptions produced (in
chronological order): pyroclastic flow, tephra, lava, another pyroclastic flow, and a lava
deposit interrupted by the deposition of pyroclastic flow (Fig. 3B). Potorono Hill has
experienced advanced weathering. Field observations establish that rock weathering
in this area has formed thick layers of sticky and clay-like soil and relatively rare rock
outcrops. This advanced soil layer significantly affects the geomorphic processes on
Potorono Hill, causing numerous mass movement events, especially of the slide type.

The rocks in the NE zone of Sumbing demonstrate that the eruptions have been
dominated by explosive events interspersed with effusive periods that resulted in the
deposition of lava material. This zone is generally related to the youngest activity of
Sumbing, in which tephra and pyroclastic flows are interspersed with lava. This zone
exhibits ideal stratovolcano conditions (Sutikno et al. 2007; Verstappen 2013), where lava
deposition is limited to the volcanic cone area, pyroclastic deposition extends to the
volcanic slopes, and the lowest foot sector is filled with lava deposits (Fig. 3C).

The NW zone of Sumbing also exhibits the distinct characteristics of a composite
volcano formed by alternating explosive and effusive eruptions. Explosive eruptions are
marked by ash-lapili-sized tephra material and pyroclastic flows, while the effusive
eruptions are marked by lava flows. The lithology of this zone is quite complex, con-
sisting of lava deposits, pyroclastic flows, and tephra. The pyroclastic flow deposits are
25 meters thick and are 27,400 (= 550) years old, while the lava deposits are 20 meters
thick. Interestingly, there are 5-meter-thick tephra deposits from Sundoro at the volcanic
foot. All volcanic activity in this zone is from the third period of Sumbing and is therefore
young (Fig. 3D).

Our findings from observations in the Begaluh River valley, on the northeast side
of Sumbing Volcano, indicate scattered lahar material of various sizes, predominantly
composed of andesite rocks. Because this river serves as the drainage system for the
junction of Sumbing and Sundoro stratovolcanoes, the lava material found in the valley
are products of the eruptions of these two volcanoes. The lahar deposits are dominated
by light gray disintegrated pyroxene andesite from Sumbing. Additionally, there is also
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smaller-grained disintegrated pumice material with sharp edges, from both Sumbing and
Sundoro.

In the absence of eruption data during the post-colonial era, it can be assumed that
most eruption events occurred before this period. Lithological and stratigraphic evidence
demonstrates that volcanic activity took place over a long period and impacted different
zones of the cone, slope, and foot of Sumbing differently. The earliest volcanic event formed
rocks in one specific zone (the SE), as did the last volcanic event (in the NW zone). A
parasitic cone at the foot of Sumbing is the center of distinct volcanic activity that is older
than the Sumbing Volcano itself, instead of a flank eruption.

Radial valleys have formed on the slopes and foot of Sumbing. Valley morphometry
is characterized by deep valley bottoms and steep valley slopes. These radial valleys are
found on all sides of the volcano, indicating that the denudation process has taken place
towards the Sumbing cone structure. The intensive denudation process is evidence that
the volcanism process no longer balances the denudation process; thus, the morphology
of the stratovolcano cone is modified by the formation of radial valleys. This process
increases the risks of erosion, sedimentation, and mass movement events, which are now
of more concern than volcanic eruptions.

The geological map of Sumbing Volcano (Sitorus ef al. 1994) shows how these hazards
have changed. Eruptions were a threat in very ancient periods, as indicated by the presence
of aged pyroclastic materials and lava. Meanwhile, the youngest materials are colluvium
and alluvium, which do not interleave with volcanic products and are products of denuda-
tion processes caused by exogenous forces. Thick layers of colluvium and alluvium
material are the result of long-standing erosion-deposition processes and mass movement
events, both of which have threatened the human population over the past few centuries.

The paleogeographic evolution of Sumbing Volcano can be outlined as follows: a
stratovolcano morphology was constructed during the Quaternary period, followed by the
destruction of this morphology by exogenous forces of the wet tropical climate, a process
that has increased since the last eruption in 1730 CE. Morphological development in
Sumbing began with pre-Sumbing volcanism in the southeast and southwest, followed
by the formation of stratovolcano morphology through a series of alternating effusive and
explosive eruptions. Since the last volcanic eruption, a denudation process has begun
that continues today. Compared to other volcanic units in the WVA, Sumbing Volcano
is the most denuded.

(2) Sundoro Stratovolcano
Sundoro is just northwest of Sumbing and close enough that the two are referred to as
twin stratovolcanoes by Lavigne ef al. (2008). Sundoro has a height of 3,153 masl, with
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a perfect cone shape known as one of the most symmetrical morphologies on Java Island.
Its concave slope is divided into three sectors bounded by slope notches, which are
commonly found in stratovolcano morphology. Some of the local community refer to
Sundoro as Sindoro, while the ancient name referenced in the Mantyasih I Inscription is
Wukir Susundara (Sukronedi ef al. 2018).

Sundoro has a history of more eruptions than Sumbing. According to the CVGDM
(2014b), eleven major eruptions occurred between 1806 and 1970. These eruptions tended
to produce ash rain, material throwing, and lava flows a short distance from the eruption
center, whether that was the main crater of Sundoro or the parasitic cone of Mount
Kembang. The last increase in volcanic activity occurred from 2011-12. According to
Prambada et al. (2016), Sundoro experienced 12 major eruptions, referred to as eruptive
groups, ranging from 33,619 cal BP (~34 Ka) to the last at 515453 cal BP. The
CVGDM has established an observation post to monitor the volcanic activity of the twin
stratovolcanoes, but considering the greater threat of Sundoro compared to Sumbing, the
post is on the northeast side of the foot of Sundoro. Few locals are aware of the potential
hazards of the volcano because the phreatic eruptions that occur periodically in the Sundoro
crater are too small for the residents to notice (Lavigne et al. 2008).

Sundoro is composed of the same main rocks as Sumbing, with the exception of dacite,
which is absent. Examination of the geological map of Sundoro Volcano (Sukhyar et al.
1992) produces two important findings. First, tephra material is widely and evenly
distributed throughout Sundoro’s slopes. This is evidence that the explosive eruptions
that occurred in the main crater spread out evenly and were not directed at a certain
zone. In addition, there are 1,720-year-old pyroclastic deposits in all zones of Sundoro’s
slopes. Second, material from the Sundoro eruptions is also distributed across a large
area of the slopes of Sumbing. This indicates that these two nearby volcanoes experienced
different periods of activity. Sumbing was active first and was no longer significantly active
when Sundoro was at the peak of its activity.

Exogenous-induced geomorphic processes in Sundoro predate those in Sumbing.
Radial valleys are not significant on the slopes or feet of Sundoro. In other words, the
Sundoro stratovolcano cone has not been modified much by the formation of radial valleys
due to exogenous forces. Morphometrically, the radial valleys that have been formed do
not have deep valley floors or steep slopes as in Sumbing. This condition is due to Sundoro’s
recent volcanic activity, which balances the effects of the denudation process. Given this
geomorphic status, Sundoro still faces the threat of eruption while Sumbing faces threats
of erosion, mass movement events, and sedimentation.

The physiographic conditions of each Sundoro slope are as complex as Sumbing.
The SE zone of the Sundoro cone is based on a foundation of Dieng volcanic rock. Activity
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in this area is characterized by repeating effusive and explosive eruptions. A series of four
lava flow deposits is interspersed with tephra deposits. On the SE slope, lava deposits
are covered by a layer of tephra that is more than 8 meters thick. Meanwhile, in the SE
foot, lava deposits (as the oldest material) are buried by 1,720-year-old pyroclastic flow
deposits that are more than 4 meters thick (Fig. 4A).

The SW zone of Sundoro is based on a foundation of Dieng volcanic rocks and old
Pagerluhur rocks. This zone was formed by a central eruption and three subsequent flank
eruptions. The first flank eruption formed the Watu Parasitic Cone, the second formed
the Kembang Parasitic Cone, and the third formed the Kekep Parasitic Cone. Therefore,
the overall geochronology of this area is characterized by the formation of the main vol-
canic cone and subsequent parasitic cones. Following the formation of the main cone,
magma activity broke through its slope to form parasitic cones. The first magma break-
through caused the flank eruption that formed Mount Kembang. After it was formed,
Mount Kembang underwent a breakthrough that formed Mount Kekep. The last break-
through formed Mount Watu. Mount Kembang is an active parasitic cone that produces
lava material and ash rain (Fig. 4B). Field observations revealed various parasitic cones
on the southwest side of Sundoro that form a distinctive hill morphology not found in
other parts of Sundoro Stratovolcano. Similarly, the deposits of a 1,720-year-old pyro-
clastic flow form an elongated edge morphology from the volcano’s foot to the volcanic
foot plain in a certain part of the southwest zone of Sundoro.

The NE zone of Sundoro is also formed from alternating explosive and effusive
eruptions. Explosive eruptions are marked by the presence of widespread tephra deposits
and pyroclastic flows that form thick deposits, especially on the slopes. Effusive eruptions
are marked by several lava deposits and lava domes that dominate the volcanic cone area.
On the NE slope and foot, we find rock outcrops with pyroclastic flow and tephra material
deposition, around the Liyangan Site. This material buried the Ancient Village of
Liyangan and thus, the eruption is assumed to have occurred later than the eighth century
(Fig. 4C). Observations conducted at the Liyangan Site, in the transition area between
the volcanic foot and slope, yielded findings of several outcrops indicating tephra layering.
This suggests that the tephra material encompassing the entire NE side of Sundoro, as
indicated on the geological map (Sukhyar et al. 1992), is a product of explosive eruptions
that occurred repeatedly during the Quaternary period. This is further indicated by the
tephra’s thickness, which is approximately 10 cm in each layer.

The width of the NW side of Sundoro is limited by the structure of the Telerejo volcano
to the north. The NW zone was formed by a lava-dominant deposition, which formed lava
bands that flowed north until colliding with the Telerejo morphology and then flowing
northeast. Meanwhile, the pyroclastic flow moved towards the northwest and was deflected
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by Telerejo’s morphology. The geochronology in this zone is therefore mostly related
to lava flows. The morphology of the base of the volcano has not developed because it is
directly adjacent to the Telerejo volcano and forms a plain between the volcanoes (Fig. 4D).

As a stratovolcano, Sundoro’s evolution is comparable Sumbing’s in that it also
experienced the formation of stratovolcano morphology followed by endogenous force
destruction. However, the evolution in Sundoro differs from Sumbing in at least two
respects. First, the landform evolution in Sundoro did not begin with a pre-Sundoro
eruption, like the eruption that formed Potorono Hill on Sumbing. Instead, the various
parasitic cones present are products of flank eruptions that interleaved the stratovolcano
morphology through alternating explosive and effusive eruptions. Second, this volcano
remains relatively active and its explosive-effusive eruption activity is the most recent
in the WVA compared to Sumbing and Dieng. Therefore, this volcano is the least denuded.
Erosion and mass movements are minimal, and as a result, the formation of radial valleys
is relatively limited compared to other volcanic units in the WVA.

(3) Dieng Volcanic Complex (DVC)

The DVC is a prominent volcanic complex in Indonesia and it occupies the northwestern
quarter of the WVA. Verstappen (2013) explains that the DVC is a group of small to
medium-sized volcanic features that developed in the caldera of an old volcano. The caldera
frame is formed from the ruins of the southern slope of Mount Prahu. This structure was
previously interpreted as a caldera with only its northern part remaining. However, since
the DVC is located above the intersection of faults, it is possible that this arc structure
was formed due to a volcano-tectonic collapse. The most recent Holocene volcanic activity
was experienced in the southern part of this caldera cliff. Young and active volcanoes in
the Dieng complex have produced a variety of volcanic landforms, including eruption
craters, tuff ring craters, scoria cones, small stratovolcanoes, and lava flows. In general,
eruptions in this area vary from explosive to effusive and phreatic (Verstappen 2013;
Harijoko et al. 2016).

The DVC consists of 12 volcanic units and four volcanic units bordering the DVC.
Prahu, which is 3.6 Ma, is the oldest volcano in the complex, followed by Nagasari
(2.99 Ma), Bisma (2.53 Ma), Pangonan-Merdada (0.37 Ma), Kendil (0.19 Ma), Pakuwaja
(0.13 Ma), and Seroja (0.07 Ma). Volcanic activity in the DVC is generally divided into
three stages, namely the pre-collapse episode, the second episode, and the youngest
episode. The pre-collapse episode is represented by several stratovolcanoes on the
edge of the DVC, namely Prahu, Telerejo, Sidede, Bisma, Nagasari, and Jimat. All these
stratovolcanoes consist of pyroclastic deposits and lava flows (Verstappen 2013; Harijoko
et al. 2016). Telerejo and Bisma have open craters towards the south. According to
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Bronto et al. (2014), the open horseshoe crater of Bisma Volcano is a symptom of the
collapse of one of the stratovolcano’s slopes.

In the second episode, namely Pangonan-Merdada, Bucu, and Pagerkandang created
several stratocones and covered the caldera with volcanic products. The activity of this
second episode is believed to be the main source of the Dieng tephra, which covers the
Dieng and Batur depressions. Furthermore, the youngest episode, in the southeast
area of the DVC, created several volcanic cones, including Seroja, Prambanan, Sikunir,
Pakuwaja, and Kendil. Recent activity in the DVC is marked by phreatic explosive events.
Several volcanic events recorded since the eighteenth century occurred in geothermal
areas such as Sileri, Pakuwaja, Sikidang, and Candradimuka (Harijoko et al. 2016).
Geomorphologically, the slopes of the oldest stratocone units, formed during the first
episode, have significantly eroded, resulting in wide and deep radial valleys. Prahu and
Bisma Volcano, the two oldest units, clearly exhibit denudation processes. Meanwhile,
younger stratocone units, especially those composed of hard lava like Pakuwaja, still
maintain their morphology and are unaffected by erosion.

The volcanic activity in the DVC has been both explosive and effusive. Currently,
the geomorphic process in Dieng is dominated by exogenous denudation on various
volcanic structures. Observations in the area of Bisma and Seroja volcanoes attest that
the denudation process has begun to strengthen, leading to the formation of deep radial
valleys, especially in Bisma, which is older. Thick alluvium, formed from the deposition
of weathered material eroded off the caldera slopes, is found in Bisma's horseshoe crater.
The denudation process has also begun in the younger Seroja volcano, marked by the
occurrence of mass movement events. In addition, a deposit of debris in one of the
sectors of Bisma volcano is formed from parts of the volcano’s body that collapsed during
an eruption.

On the slope and the foot of Prahu Volcano that have subsided, lava material from
the activity of Prahu was buried by the Dieng tephra. When this happened, tephra
deposits began to be heavily layered by alluvium eroded from the volcanic slopes. Likewise,
tephra material and lava, some of which is extremely weathered, are found throughout
the Pagerkandang, Prambanan, Sikunir, and Pakuwaja areas. Materials from the volcanic
activity of Pangonan and Merdada are currently eroding in the Pangonan Volcano area
and are being deposited as alluvium in the Dieng Depression.

The Dieng Volcanic Complex (DVC) is a different volcanic unit compared to Sumbing
and Sundoro. The DVC is not a single stratovolcano, but rather a volcanic complex
containing dozens of small to medium-sized stratocones. As a volcanic complex, the
landscape evolution also differs from the other two units. Landform evolution in the DVC
began with the formation of several stratocone units in one area. Subsequently, a volcano-
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tectonic process occurred, causing subsidence on one of the stratocone slopes, a phe-
nomenon not found in other volcanic units of the WVA. The stratocones then experi-
enced explosive eruptions, forming a crater morphology. Finally, effusive eruptions
resulted in massive stratocone units. All these processes occurred before human
habitation. At present, denudation processes dominate the landscape. Because the
stratocone units have different ages, the impact of denudation on modifying the stratocone
slopes also varies. Older stratocones tend to be more eroded because they have undergone
advanced weathering and have been exposed to denudation influences for a long time,
even though they are composed of an immense amount of lava. Because mass movement
events and erosion now dominate the DVC, the local population is more familiar with
these processes, rather than volcanism, as threats.

2. The Impact of Paleogeographic Evolution on Ancient Life in the Wonosobo Volcanic Area

(1) A Brief History of the Ancient Mataram Kingdom and the Three Sacred Volcanoes
The oldest evidence of an Ancient Mataram kingdom is widely believed to be the Canggal
Inscription dated 732 CE, which documents the establishment of a linga on Sthirangga Hill
and the name of Sanjaya as ruler (Poerbatjaraka 1951; Poesponegoro and Notosusanto
2010; Santiko 2013). Sanjaya’s name is an important indication of the existence of Ancient
Mataram because the name is related to the identity of the region in the Mantyasih I
Inscription of 907 CE. The name Medang (or Mdang) was used interchangeably with
Mataram in inscriptions, and both names were referred to in the Bujangga Manik manu-
script of the late sixteenth century (Noorduyn 2019).

The spread of archeological findings from the Ancient Mataram period in Central
Java points to the plains of Kedu and Kuwu (Prambanan), which are surrounded by
mountains, as the center of the civilization. This region became the core area of a govern-
ment supported by the peripheries. The core area included the villages (wanua) and the
larger administrative regions (watak) of Merapi, Merbabu, Sundoro, and Sumbing, where
there were many sacred buildings. This core area was supported by the wanua and watak
around Mount Dieng, Ungaran, and the southern hills, which were important peripheral
areas (Tjahjono 2008; Degroot 2009).

Sanjaya is considered to be the early ruler of the ancient kingdom of Mataram in
Central Java. However, several other inscriptions from the eighth and ninth centuries
refer to Sailendra as the ruler as well as a dynasty in ancient Mataram.? Regardless of

2) These include: the Sojomerto Inscription of 725 CE, the Kalasan Inscription of 778 CE, the Kelurak
Inscription of 782 CE, the Abhayagiriwihara Inscription of 792 CE, the Karangtengah Inscription of
824 CE, the Kayumwangan Inscription of 824 CE, and the Nalanda Inscription of the middle of the
ninth century.
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whether there was one or two dynasties in Ancient Mataram in the Central Java period,
the names of the rulers, emperors, and rulers of autonomous regions from the inscriptions
demonstrate that the territory under their control spread across the Kedu-Kuwu plain. The
Kedu plain lies between the present-day Sumbing and Sundoro stratovolcanoes, and
included the interconnected territories of Garung, Wungkalhumalang (or Watuhumalang),
and Patapan. Thus, the Ancient Mataram kingdom first emerged in the seventh-eighth
centuries from the Kedu region (Lombard 1996a). Indeed, as Boechari (2012) explains, a
road through the Kledung gap once connected the Kedu plain with Wonosobo, penetrating
Garung and Dieng to reach the north coast.

According to the sixteenth-century manuscript Tantu Panggelaran, Mount Dieng
was an important holy place where Bhatara Guru went to meditate and ask Lord Brahma
and Vishnu to bless residents. Dieng is interpreted as a mountain area where the gods
reside (Lombard 1996b). The name Dieng, whose original form is Di Hyang, symbolizes
the Sanskrit word Devilaya, which means “the abode of the gods” (Coedeés 1975).
Zoetmulder (1983) mentions the mountains as places with actively inhabited villages
close to holy buildings/hermitages during the Hindu-Buddhist period. The names of
Mount Dieng (or Diheng), Sindara (or Sundara/Sundoro), and Kedu (Sumbing) are also
mentioned in the late fifteenth-century literary work Bujangga Manik as inhabited holy
places (Noorduyn 2019).

These three sacred mountains, Dieng-Sundoro-Sumbing, are also recorded in the
Kuti Inscription of 840 CE. In this inscription, the name Satas’mgga 1s referenced, which
may be close to Dieng. Satasrngga is also referenced in the Té&lang II, or Wanagiri II,
Inscription of 904 CE, as well as Randusari I, or Poh, Inscription of 905 CE, as the burial
place of an emperor, or “maharaja lumah ing ¢ata¢grngga.” In the Mahabarata epic,
Satrasrengga (or Saptaarga) is the hermitage of Begawan Wiyasa. The portrayal of the
mountainous region as a place of sacred buildings as well as inhabited villages is supported
by the Randusari I Inscription, which refers to the guardian of the sacred building Marhyang
in the village of Sima and the guardian of the emperor’s sacred territory in Catagrngga
(Stutterheim 1940; Suhadi and Soekarto 1986; Poesponegoro and Notosusanto 2010).

(2) Signs of Ancient Life Impacted by Paleogeographic Evolution
Sumbing has not experienced eruption activity, either explosive or effusive, for hundreds
of years. Today, Sumbing’s volcanic activity consists of gas emissions limited to the crater
area. Although the only recorded eruption in history is the lava flow that occurred around
the peak crater, this does not mean that Sumbing’s volcanic activity since the Ancient
Mataram era has not had a significant impact on human life. In the case of Sumbing,
impacts have been caused by the denudation of the stratovolcano morphology, instead of
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volcanic eruptions.

There are fewer traces of archaeological remains in the Sumbing region than in other
regions of the WVA. Various archaeological findings are concentrated in the NE zone of
Sumbing, which is close to the center of Ancient Mataram in the Kedu/Progo Valley area.
The archaeological sites include the following temples and temple complexes: Selogriyo,
Batur, Wonokerso, Brongkol, Pikatan, and Gondosuli. Findings from these sites are
essentially a part, or a continuation, of findings from sites in the Sundoro region. The only
archaeological site found outside the NE zone of Sumbing is Rong cave, in the SE zone.

Of the temple findings, Selogriyo Temple has been restored and the superstructure
remains intact, although the foundation is misshapen. This is evidence that the area has
not experienced severe affects from drastic natural processes. Although the height of
the temple is relatively close to Sumbing’s, the structure remains relatively intact in all
parts. No part of the temple was lost in the main Sumbing eruption, as happened at
several sites in the Sundoro region and the Asu Temple Complex at the foot of Merapi,
which is far east of the WVA (Ashari 2013). Giyanti Massif, a nearby old and inactive
volcano, has played a role in protecting Selogriyo Temple from Sumbing’s eruptions.
Batur Temple, which is on one of the peaks of Giyanti Massif, is not buried by volcanic
material and retains its foundation, although the top of the peak has been flattened to
form a wide space.

Gondosuli Temple Complex spans hundreds of kilometers and contains temples that
are not in situ. Findings in the complex include a sculpture of a bull, a large yoni, nine
stone pedestals, and the Gondosuli Inscription dated 827 CE. The Gondosuli Temple
site is currently located slightly lower than the surrounding land, but it is not significantly
buried. Various former temple components are buried by the deposition of alluvial
sediments because the complex is at the foot of the volcano, where eroded material from
the upper slopes tends to deposit. Meanwhile, only ruins and traces of foundations remain
of the other three temples, namely Wonokerso, Brongkol, and Pikatan. However, there
have never been any reports or findings indicating that the destruction of these temple
structures is due to an eruption. In summary, the archaeological sites in the Sumbing area
do not exhibit damage due to the impact of explosive eruptions, but rather, due to the
dynamics of the exogenous processes such as erosion and deposition of alluvial material.

Unlike Sumbing, Sundoro is the most active among all volcanic landform units in the
WVA. Although present activity is not substantial compared to, for example, Merapi
Stratovolcano, which 56 km to the east, Sundoro is the volcano to have experienced the
most recent explosive eruption in the WVA. Sundoro has not only experienced a major
eruptions centered on the main crater, but also flank eruptions that produced parasitic
cones. Thus, the evolution of landforms by volcanism potentially influenced human life
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during the Ancient Mataram period in numerous ways.

Tephra material and pyroclastic flow have been deposited evenly throughout the
Sundoro area for the past 1,720 years. At the same time, a pyroclastic flow in the northern
zone descended the northern slope and was diverted NE when it was blocked by the
Telerejo volcano structure. The volcanism process that deposited tephra material,
pyroclastic flows, and lava continued until the period of lava dome formation, which
marked the end of magmatic activity 1,480 thousand years ago. The volcanic activity that
affected the entirety of Sundoro at that time possibly influenced the ancient settlements
that had developed in the surrounding area.

Many archaeological remains, especially temple ruins, have been found in the area
of Sundoro, with the northeast zone yielding the richest archaeological remains. At least
fourteen archaeological sites from the Ancient Mataram era have been found in this zone.
Archaeological remains are also found in other zones, but are more limited in number.
These include Bongkotan Temple in the SW zone and the ancient Tlahab Road in the SE
zone. Most temple ruins consist only of foundations, temple stones, or sculptures.
Pringapus Temple, at a height of 956 m on the NE slope of Sundoro, is the only temple
that has been restored up to the superstructure. On the other hand, Perot Temple, which
was only 300 m from Pringapus, has disappeared (Degroot 2009).

Most remaining temple foundations are now lower than the surface of the surrounding
land, except Gunung Pertapan Temple, which is on a hill. This positioning, together with
the intact temple ruin findings, indicate the possibility that the temples were damaged
by eruptive material. As a comparison, the Pendem Temple on the NW side of Merapi
Volcano was found after excavating eruptive material to a depth of 2 meters. The excava-
tion yielded the foundation and the foot of the temple while the structure above it had
been destroyed and the material scattered nearby. Sambisari Temple in the southeast
foothills of Merapi is also lower than the surrounding land but has been reconstructed up
to the superstructure.

The Liyangan Site on the northwest side of Sundoro is the finding that most dem-
onstrates the impact of volcanism on life in Ancient Mataram. The Liyangan Site is a
proxy for the possibility that similar phenomena also occurred in other zones or sectors
of Sundoro. This is supported by the geological fact that tephra material and pyroclastic
deposits of the last generation, as found in Liyangan, are also spread across all zones and
sectors of Sundoro. The conditions at the Liyangan Site reinforce suspicions that damage
to temples in the Sundoro area were caused by material impact from the eruption.
Meanwhile, the temple damage due to eruptive material is evidence that past life in this
area was affected by volcanic eruptions (Fig. 5A).

Liyangan, or Liangan, was an ancient village with settlement areas, agriculture, and
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Fig. 5 Archaeological Sites Buried by Geomorphological Product Materials. (A) Tephra deposits
and pyroclastic density current (PDC) bury Liyangan Ancient Village. (B) Alluvium sedi-
ments cover the Dieng Temple Complex

Source: Field observation, 2022

a culture based on Hindu worship that developed from the second to the ninth centuries,
from pre-Hindu times to the glory of Ancient Mataram (Riyanto 2015; 2017). Liyangan
was covered with pyroclastic material from eruptions of Sundoro. Excavation of pyroclastic
material has yielded Batur, worship altars, stones, petirtaan (waters), and burnt wooden
buildings (Riyanto 2015; Tanudirjo ef al. 2019). Eight temples were found within a 10 km
radius of Liyangan, some with complete structures and others only with remaining stones
and sculptures (Degroot 2017). The Liyangan Site area contains two types of rocks, namely,
tephra and pyroclastic flow. The brownish-yellow tephra material consists of scoria and
lithic fragments with substantial andesite composition; it is extremely weathered and
buries the lower part of the temple in Liyangan. Meanwhile, the material that buried
the upper part of the temple is a rather dark gray pyroclastic flow deposit consisting of
breadcrust bomb fragments with an andesitic composition; this material contains charcoal
that is 1,720 years old (Nurnusanto 2014).

The DVC, from a historical perspective, is the starting point of the development of
the Ancient Mataram civilization. Traces of ancient life in the DVC region can be
identified based on the existence of temples built in the period from 730-750 CE (Harriyadi
2019). Dieng Temple is the main relic of life in this zone. This temple consists of several
complexes scattered in the Dieng basin, including six temple units. The temples of the
Arjuna group (Dwarawati, Gatotkaca, and Bima) have been restored (Degroot 2009), as
well as Setyaki Temple in the west. In addition to temples, there are numerous other
archaeological remains in the DVC, including ancient roads, sculptures, former building
structures, water channels, inscriptions, pottery fragments, ceramic fragments, and metal
objects (Harriyadi 2019).

The six temples in the Dieng Temple Complex are spread across the Dieng basin,
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an inter-stratocone basin that is popularly considered a plateau. Although the stratocone
around the Dieng Temple Complex experienced an explosive eruption that produced
Dieng tephra, this occurred before the temples were built. The temples were therefore
damaged by other factors. Some temple ruins were found buried by alluvial material,
instead of tephra (such as on the west side of the Arjuna Temple Complex and the Kunthi
Temple Site that was newly discovered in 2020). The excavated ruins and temples were
positioned about two meters lower than the surrounding land, evidence that the landform
evolution that occurred in the Dieng region has greatly impacted human life. However,
rather than explosive volcanic eruptions, it is the denudation process that has affected
human life in this zone. The rapid erosion and mass movement events on the stratocone
slopes during the past thirteen centuries have contributed to the transfer of large amounts
of material to the foot of the stratocone and the basin, thus burying the temples (Fig. 5B).

The landform denudation cannot be separated from the climate of the Dieng region,
which is characterized by high rainfall and therefore can accelerate weathering and trigger
erosion and mass movement. In addition, locals have carried out forest exploration for
centuries. Following limited utilization of forests in the previous four centuries, the
development of the ancient civilization from the eighth to the thirteenth century contrib-
uted to the opening of forests for settlements. Contemporaneous to the construction of
the temples, intensive forest exploration transformed primary forests to secondary
forests (Harriyadi 2019). This increased rainwater runoff, which flowed into the basin
and deposited sediment. A water channel at what is currently known as the Gangsiran
Aswatama Site was constructed to reduce the amount of water entering the basin. When
this channel failed to work due to a massive accumulation of sediments, the Dieng Basin
flooded. The presence of one-meter-thick peat on the surface of the Dieng Basin is an
indicator of the waterlogging that has occurred for a long time. Interestingly, in the
Balekambang Reservoir area south of the Arjuna Temple Complex, there are lake deposits
that date to the fifth century (Luthfian 2014). This indicates that sedimentation in the Dieng
Basin may have been occurring since the beginning of the limited forest opening, in the
fourth century.

Numerous clearly identifiable archaeological remains exist in the Dieng area, includ-
ing temple structures, ancient roads, and ancient drainage channels. Some of these are
on the stratocone slopes, an indicator that the remains were not damaged by an explosive
eruption. Nevertheless, ancient life in this zone was impacted by denudation caused by
exogenous forces. In the face of the natural paleogeographic evolution, inhabitants have
recognized the changing characteristics of the surrounding environment and adapted.
This indicates a human-environment or human-landscape interaction that produces ways
of life and adaptation as socio-cultural products.
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Inhabitants’ adaptation to the paleogeographic evolution of the DVC, in particular,
is evident. Among the various temples in this complex, Arjuna Temple was the first to
be built. Its Indian architectural style is characterized by a low foundation and high
temple feet. Interestingly, the temples built after Arjuna have higher foundations and
shorter feet. Thus, the inhabitants adapted by altering the temple architecture to avoid
waterlogging, which became common in this area, as explained above.

Discussion

The human settlements of Ancient Mataram, which endured for centuries, were affected
by several Sundoro eruptions before migrating to lower areas in the Progo Valley and
then to East Java. The findings of this study support Andreastuti et al. (2006), who put
forward the idea that the end of the Ancient Mataram civilization in Central Java was the
result of numerous volcanic eruptions rather than a single big eruption.

This study also finds that the evolution of landforms in volcanic environments is not
only influenced by volcanic eruptions, but also by land denudation caused by exogenous
processes that occur in volcanic morphology. While the impact of such exogenous
processes is not as substantial as that from a volcanic eruption, accumulated impacts over
a long period of time can create obstacles to human livelihoods such that people are
encouraged to migrate and rebuild in new locations. Deforestation that occurred over
centuries in the DVC (Harriyadi 2019), for example, caused rapid sedimentation in the
basin area, which had become the center of the Mataram civilization. Humans responded
by leaving the area because the environment was no longer livable. This finding is
consistent with previous studies of other landscapes (Ghilardi ef al. 2017; Lu et al. 2019;
Wang and He 2022; Zhang et al. 2022), which find that when the environmental conditions
of an area are no longer suitable, the civilization there begins to decline.

The evolution of volcanic landforms, especially via an eruption process, does not
always have a negative impact on human life or precipitate the decline of a civilization.
Although the long record of the influence of volcanism on human life deals with eruption
disasters (Doocy et al. 2013), many studies detail how volcanism also creates opportunities
(see for example Grattan 2006). Several studies on modern Indonesia confirm that
societies can enjoy various long-term benefits from intermittent eruptions (Lavigne ef
al. 2008; Bachri et al. 2015) and that people do not necessarily view eruptions as a threat,
but rather as events that will lead to changes for the better (Dove 2008; Donovan 2010).
This study finds no evidence of benefits to ancient life from the evolution of volcanic
landscapes in the WVA, but rather evidence of various processes inhibiting life in the area.
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Explosive volcanic eruptions in the WVA occurred long before human habitation,
except in the case of Sundoro Stratovolcano, where it has been proven that eruptions
buried ancient settlements from the second century. Nevertheless, these volcanic activ-
ities had a positive impact on the availability of land, biological, and water resources that
were essential for the livelihoods of past populations. Volcanic activity affects soil condi-
tions, vegetation, and climate, and thus shaped the environment of these past inhabitants.

Records of land and vegetation conditions during the medieval period in Sumbing,
Sundoro, and Dieng remain extremely limited. This study is not supported by a paleoen-
vironmental reconstruction that examines pollen grains, which serve as indicators of past
vegetation conditions. However, examinations conducted by Harriyadi (2019) indicate
that the volcanic lands of the WVA were largely covered by tropical forests in the Hindu-
Buddhist period. Van Steenis (2010), based on observations of the Java Mountains in the
late nineteenth and early twentieth centuries, explains that low-lying areas were mostly
covered by tropical forests, while highland areas were covered by elfin forests. The
presence of forests, and the biological resources available within them, became the main
support for the development of civilization in this area.

Volcanic eruptions produce thick layers of soils with high fertility. Additionally, the
soil is easy to cultivate and thus supports agricultural activity to meet food needs. An
inscription found in Dieng from the year 776 CE refers to the establishment of rice
fields in this area and agricultural activity was present in the ancient village of Liyangan
during the second century (Riyanto 2015; 2017). Volcanic eruptions in the short term
can trigger climate anomalies, as evidenced by several volcanoes in Indonesia, such as
Tambora and Krakatoa. However, due to the scarcity of information regarding the
paleoenvironment, it is still unknown how the characteristics of past climates relate to
volcanic eruptions, which subsequently affect human life.

Conclusion

Human life, from the ancient past to the present, cannot be separated from the surrounding
environmental conditions. While the impacts of volcanism have been studied in terms
of single catastrophic eruptions, we examine the long-term evolution of the volcanic
landscape. Studies of three main volcano units in the Wonosobo Volcanic Area demonstrate
that the evolution of volcanoes has influenced life since the Ancient Mataram era, both
through eruptions and denudation of the volcanic morphological structure.

In the Sundoro Stratovolcano area, which was still experiencing activity in the time
of Ancient Mataram, volcanic eruptions were disastrous, with evidence of at least one
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settlement buried. But in the Sumbing and DVC areas, which have been inactive for
two-three centuries, the impact of volcanism on human life is not as apparent. Instead,
the denudation process, exacerbated by the climate conditions, is more influential, as
evidenced by various archaeological relics that are buried in alluvial material. Anthropo-
genic footprints in the form of changing land use have accelerated denudation since
ancient times, causing humans to adapt by changing the way they build temples and
migrating.

While we have created a volcanic landform evolution chronology, future studies are
highly recommended to analyze the chronology based on absolute dating, which can be
counter-referenced with the historical data of ancient inscriptions. Overall, we hope that
this study improves understanding of the impact of volcanic landform evolution on human
life and on human-environment interaction on a long temporal scale.
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