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ABSTRACT
Gedong Songo, Ungaran, is a geothermal complex from the part of the Ungaran volcano
system which located in the North of the Serayu Mountains as the result of back-arc
magmatism during the quaternary period. The presence of surface geothermal
manifestations indicates the existence of an active geothermal system in this area. Surface
manifestations in Gedong Songo area includes hot springs, fumaroles, steaming ground, and
altered rocks. This study uses a lineament analysis on imagery DEM supported by
geomagnetic data and geological mapping. The lineament in this area is identified from DEM.
Based on geological field observations and mapping, and also manifestations in Gedong
Songo area are controlled by northeast-southwest right strike slip faults structures, and the
presence of structures is reinforced by geomagnetic anomalies that indicate areas affected

by heat experiencing demagnetization.
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INTRODUCTION

Indonesia is traversed by volcanoes or
known as the Ring of Fire through Sumatra
Island, Java Island, Nusa Tenggara Islands,
Sulawesi Island and Maluku Islands. These
volcanic pathways have the most potential
for large geothermal energy (Pratomo,
2006). The sources of geothermal can be
formed due to three factors, namely the
presence of heat sources, surface water
(meteoric water) and reservoir rocks
(reservoirs).

Heat energy is formed from a naturally
geothermal and stored in the form of hot
water or hot steam under certain geological
conditions at several depths kilometers in
the earth's crust. Hochstein and Browne
(2000) define the geothermal system as
naturally occurring heat transfer in a certain

volume in the earth's crust where heat is
transferred from a heat source to the heat
release zone. In Figure 1, Conceptual models
of young geothermal system (Goff.F and
C.J.Janic, 2000) it can show a conceptual
model such as the fracture zone and the
fracture that is on the surface that allows
water to enter the pores of the rock. This
water penetrates the bottom and sides as
long as there is a gap for the water to flow.
When water starts to reach the heat source,
the temperature of the water will increase
and evaporate partly, and some will remain
high temperature water. Hot fluid transfers
heat to the surrounding rocks by the process
of convection, if the temperature increases it
will result in increased volume and pressure.
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Figure 1. Conceptual models of young geothermal systems hosted on andesite
stratovolcano. (Goff.F and C.J.Janic, 2000)

To make optimal use of Indonesia's
geothermal potential, efforts are needed to
improve the mastery of geothermal
technology. One of them is by using
Geological Information System (GIS)
technology such as Globalmapper and
Arcmap, geothermal potential can be

mapped based on faults and fractures
through remote sensing. In the principle,
hydrothermal solution as a source of
geothermal energy will flow through fields
in the form of faults and fractures which can
be seen in DEM image data. Making a Fault
Fracture Density Map (FFD) by utilizing
remote sensing technology and Geographic
Information Systems can be an easy way to

CENTRAL JAVA

map geothermal potential in Indonesia that
has real potential and is supported by
Indonesia's geographical situation which
can be developed as a renewable and
environmentally friendly energy in the midst
of a fossil fuel crisis.

This research area located in Gedong Songo
, Central Java Ungaran and this research
discusses control over the emergence of
surface geothermal manifestations in
Gedong Songo , Ungaran, Central Java and
interpretations of the DEM map with the
alignment assumed to be a weak zone that
controls the discharge of surface fluids.

Candi Gedong Songo

Figure 2. The Gedong Songo
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reseach area. (Courtesy by Google Earth)
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RESEARCH METODOLOGY

The research method in the Gedong Songo
area, Ungaran, Central Java based on the
analysis of the lineament at the DEM to
produce a map of the alignment and
structure or fault fracture density (FFD)
processed with Global Mapper and Arcmap
software and primary data collection data

such as field data collection including
outcrop observation, observation of
geothermal manifestations, structure

measurements taken from the field of the
Gedong Songo Geothermal complex,
Ungaran, Central Java. Then the addition
with previous research data such as water
geochemical data (Nguyen Kim Phuong et al,
2005) and magnetic geophysical data (Agus
Setyawan et.al, 2015) are expected to
support this research.
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LOCAL GEOLOGY

Gedong Songo and surrounding area
composed by several rocks like Sandstone
(QTp1l), Claysand (Qa), Andesite hb-ag
(Qhgl), Lava hb (Qks), Marls, Tuffaceous
sandstone  (Tmpk), Claystone, Marls,
Volcanic breccia (Tmk), Andesite ag-hb
(Qls2), Pyroclastic volcanic (Qpl), Andesite
bx ag-ol (Qpk1l), Lava bx (Qpkg), and
Andesite ag-hb (Tmal).

The manifestations in this area are found in
severals area involve, Gedong Songo ,
Diwak, Kendalisodo, Kaliulo, Benaran, and
Nglimut. The research area is located in
Gedong Songo area that controlled by major
structure northwest-southeast trending.
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Figure 3. Modified Geological Map modified from Thanden RE et all 1996 based on 1995
Landsat TM satellite imagery (Setyawan, A et all 2007)

RESULT AND DISCUSSION
FAULT FRACTURE DENSITY
The Fault Fracture Density map is created
using the line density method. Line density
is a feature that calculates linear feature
density around each output raster -cell

(Figure 3.A), density is calculated in units of
length per unit area (ESRI)

Based on the Fault Fracture Density map
(FFD), it shows that manifestations
(Fumaroles, Steamground, Hotspring) are
found at high densities (Figure. 3) And the
alignments associated with structures in the
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study area and can be a topographic
representation of river straightness,
straightness valleys, fault and fracture
structures, rock contact and the appearance
of geothermal manifestations. Trend line in

Gedong Songo area has general direction
with northwest-southeast dominant
direction.

A @ LINEAMENT MAP OF SOUTHERN MOUNT UNGARAN AREA

@ FAULT FRACTURE DENSITY MAP
‘OF SOUTHERN MOUNT UNGARAN AREA
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Figure 4. Linement Map of Southern Mount Ungaran Area, B. Fault Fracture Density Map of
Southern Mount Ungaran Area
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Figure 5. The total magnetic anomaly map, b) The horizontal gradient map of the magnetic
data for Ungaran (Agus Setyawan et.al, 2015)

In this Fault Fracture Density map cannot be
used only but also needs to be correlated
with other data such as geomagnetic
geophysical data.

Figure 4.a. The magnetic data was corrected
for IGRF, annual correction, pole reduction,
and upward continuation. The total magnetic
anomaly map south of Ungaran volcano
shows manifestations (Fumarole, Steam
ground, Hot Spring) in Gedong Songo which
have low magnetic anomaly values; which
shows the existence of an active geothermal
system in the region. The results correlate
well with geochemical analysis.
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Figure 4.b. Figure shows the HG map
obtained from magnetic data that s
processed using equations used to
determine the structure that is located at the
maximum value of the horizontal gradient
map. The yellow circle shows the location of
the manifestation, the white line shows the

direction of the incision (here is not
displayed further read Agus Setyawan et.al,
2015) the vyellow line shows the

interpretation of the geological fault, while
the black line shows the fault interpretation
of the HG.
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GEOTHERMAL MANIFESTATION OF GEDONG SONGO AREA

MANIFESTATION MAP OF SOUTHERN MOUNT UNGARAN AREA
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Figure 6. Manifestation Map of Southern Ungaran Mount Area

Based on Figure 6, Geothermal
manifestations found in Gedong Songo area
are fumaroles, hot springs, and clay
alteration rocks. Manifestation of geothermal
is controlled by a fault northwest-southeast
trending. From the Magnetic Map (Figure

5.a), show that the geothermal
manifestation area is symbolized by low
magnetic anomaly values. The loss of

magnetism or demagnetization is caused by
destruction of rock which controlled by the
presence of geological structures such as
faults, which will later be used as a channel

way for hydrothermal fluid discharge.
Hydrothermal fluid that passes through the
rock causes changes in the rock/alteration
rock, in the field obtained clay alteration.
Besides, the boiling fluid will change into two
phases, the liquid phase will produce
manifestations in the form of hot spring
while the gas phase will form fumaroles.
While the red color is an area where rocks
do not experience alteration and the effect
on the structure is still minimal, so the
magnetic properties remain.
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Figure 7. A. Fumaroles B. Steam ground and Fault Indicated C. Clay Alteration D. Andesite
Fresh Rock of Southern Ungaran Mount Area

Based on chemical composition of the hot /
warm springs and cold springs (well water
and river water) collected in Gedong Songo
area are presented in Table 1. Nguyen Kim
Phuong et al (2005). The Chemical and
physical processes that affect water
composition and their spatial relationships
can be used in ternary diagrams such as CI-
HCO3-S504 dan Na/1000-K/100-vV

Giggenbach (1988) which show the relative
concentrations of water. Based on the
samples have taken that showing the
conductivity ranges from 0.04 mS / cm to
19.83 mS / cm, the temperature are ranging
18°C to 56°C and in general have neutral pH
from 5.36-7.87 except UGW-1 which has an
acidic pH of 3,45.
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Figure 8. The figure above is a) CI-SO4 HCO3 and b) Na/1000-K/100-vMg, ternary diagram
Giggenbach (1988)

Based on Figure 8A. the CI-SO4-HCO3
ternary diagram showed that type fluid of
hot springs and cold springs found in the
Gedong Songo area generally belongs to the
bicarbonate / peripheral waters. Based on
chemical analysis of HCO3 / bicarbonate ions
is the most dominated anion, with a varies in
a wide range from 39 ppm to 465 ppm. This
is caused by CO2 gas that dissolves into
groundwater or is influenced by limestone in
the east of Ungaran (UGW-9, 15A, 15B, 17A,
21) which releases CO2 content and then
dissolves in ground water and then forms
HCO3. HCO 3 water forms below the
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groundwater level and is generally weak
acidic, which is caused by interactions with
local rocks as they flowing into the surface.
However, some samples showed a high SO4
content they are 245 ppm (UGW-1), 137

ppm (UGW-2) which included into steam
heated sulphate water. Heated sulfated
water vapor is associated with boiling

process, dissolved gases (mainly H2S and
C0O2) may separate into the H20-rich vapor
phase as they boil and rise to the surface. A
steam heated environment is formed where
the H2S is oxidized by 02 in atmosphere, in
the vadose zone, forming H2S04(H2S + 202
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= H2S04) which is adsorbed into steam-
heated ground water (Schoen et al,1974)

Based on Figure 8B. The ternary diagram of
Na / 1000-K / 100--v showed that the
chemical analysis results of hot springs and
cold springs are showed that water are
generally included Immature water and it
have higher Mg than Na and K.The immature
waters indicates that the hot waters in the

study area did not reach equilibrium or had
reaction with other elements when they
flowing into the surface. High Mg indicates
waters have mixed with meteoric water,
ground water or wall rocks that have high
Mg concentrations. The UGW-9 plot included
the partial equilibrium and can be estimated
the subsurface temperature is 160°C.

Table 1. Chemical composition of the hot / warm springs and cold springs (Nguyen Kim

Phuong et al ,2005).

Location | Code T(ff;lf pH méfm) gCO1- | F- | cb |woi- | sosx | Na+ | wHE+ | R+ | Me2+ | Ca2+
Gedonesonea, | V% | 219 | 245 | 038 oo oa2 | ose | oms | 247 | 1426 | 043 | 508 | 1340 | 4245
Godonesonsa. | G | 400 |56 | 039 | sss |02 | L6 | TR | 136 | 2531 | 064 | 863 | 1034 | 2255
Gedonssopsa. | U0 | 560 |60 | 023 | 200 | 012 | 077 | TR | 318 |09 | 05 | 73 | 154|273
Gedonesonsa, | U0 | 222 600 | 03 | 465 | 005 | 076 | TR | 261 | 1073 | 05 | 546 | 1465 | 2585
Godopesonsa. | 7| - | 631 o004 30 |ooos | 0ss | TR | 353 [2315| 002 | 113 | 065 | 3,
Bamen | D00 | 20 |623| 032 | 240 | o1 | 024 | 010 | 259 | 1189 | 023 | 436 | 1352 | 4410
Bamen, | D00 | 19 |62s| 033 | 248 |om |08 | TR | 260 [1228| 029 | 467 | 1402 | 4570
Bamarm | oy | 20 |6a4| 020 | 207 | o009 | 246 | TR | 001 | 1042 | 043 | 558 | 1128 | 3706
Baam | Cug | 18 |602| 028 | 221 |00 | 244 | TR | 008 | 1030 | 01s | 557 | 1048 | 2746
Balie | UGV | 5 |73 | 1em3 | 419 | 043 | 5339 | 0a6 | 130 | 5M7 | TR | 1809 | 3460 | 5077
Ralslor | VS0 | w723 | o7 | 30 | 025 [7s30| 116 | 150 [ 4395 | 06 | 341 | 1737 | o270
Gedongsonsa. | UGy | 18 | 542 | o1z | 573 | 001 | 0es | oos | 503 | 678 | 004 | 3 | 61 | 186
Candivillage | U0y | 18 | 665 | 018 | o76 | 006 | 91 [ 1455 | 640 | 811 | 041 | 814 | 487 | 1937
Gelampr | U5y | 18 |6ss| o016 | 105 | 007 | 180 | 1044 | 225 | 781 | 0037 | 423 | 436 | 1930
Kendalisodo | “(5n~ | 352 | 684 | 438 | 1732 | 006 [ 9978 | 007 | 020 [ 7002 | 1608 | 4415 | 1177 | 2173
Kendalisodo | "Cp~ | 381 | 678 [ 521 | 1324 | 006 | 1088 | 011 | 000 | 7461 | 1701 | 4711 | 1260 | 2784
Kendalisodo® | USp " | 23.8 | 787 | 051 | 351 | 008 | 721 | 201 | 443 | 2300 | 029 | 635 | 2690 | 6208
Dimek, | ‘on | 295 |60 211 | 135 | TR [1uia | 005 | oos | 128 | 1473 | 190 | 3039 | 1345
Diwakt* | “Cp | 275 | 140 | 03 20 | on2 |19 | TR | 140 | 62 | 2569 | 00 | 692 | 1037
Bt | USp | 264 | 720 | 020 | 203 |02 |12en | ae2 | 72¢ | 419 | 1208 | 020 | 3 | s2s
Tamekil | Sy | 249 710 | 031 | 157 | 007 | 294 | 286 | 052 | 697 | 1574 | 018 | 358 | 1015
Desghan, | C9p | 258 | 700 | 021 | 145 | 005 | 148 | 252 | 103 | 625 | 1199 | 020 | 366 | 601
Desskan, | 91| 383 690 | 25 | 1560 | TR | 19 | TR | 031 | 131 | 1550 | 220 | 3125 | 1443
CONCLUSION demagnetization is caused by rock
1. Based on the Fault Fracture Density destruction which is controlled by the
map (FFD), it shows that presence of geological structures such
manifestations are found at high as faults, which will later be used as a
densities channel way for hydrothermal fluid
2. Fault Fracture Density map cannot be discharge.

used only but also needs to be
correlated with other data such as
geomagnetic geophysical data.

3. Geothermal manifestation area is
symbolized by low magnetic anomaly
values. The loss of magnetism or

4. Geothermal manifestations found in
Gedong Songo area are fumaroles, hot

springs, and clay alteration rocks.
Manifestation of geothermal is
controlled by a fault northwest-

southeast trending.
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5. Based on chemical composition the hot
spring at Gedong Songo area are
heated steam sulphate water and
immature water.

ACKNOWLEDGEMENT

I have to thank to Dr. Ir. Dwi Fitri
Yudiantoro, M.T as the Geothermal Lecture
of  University = Pembangunan  National
“Veteran” Yogyakarta and my friend Nurjati
Setiawan, and all my best support system.

REFERENCES

Goff, F., dan Janik, C. J. 2000. Encyclopedia
of Volkanoes. Academic Press

Giggenbach, WEF. 1988. Chemical
Techniques in Geothermal Exploration
Chemistry Division, DSIR, Private Bag.

Hochstein, M.P. dan Browne, P.R.L. 2000.
Surface Manifestation of Geothermal
Systems with Volcanic Heat Sources, In
Encyclopedia of Volcanoes,
H.Sigurdsson, B.F.. Houghton, S.R.,
McNutt, H., Rymer dan J. Stix (eds.),
Academic Press.

Paramitahaty, Intan. 2019. Kendali Struktur
Geologi Terhadap Kemunculan
Manifestasi Panas Bumi Daerah Gunung
Slamet Berdasarkan Analisa  FFD.
Jogjakarta. Jurnal PANGEA

Phuong, Nguyen Kim, et al.
Geochemistry of the

2005.
Ungaran

30

Geothermal System, Central Java,
Indonesia. Proceedings Joint Convention
Surabaya 2005 - HAGI-IAGI- PERHAPI.

Pratomo, I., 2006. Klasifikasi gunungapi
aktif Indonesia, studi kasus dari
beberapa letusan gunung api dalam
sejarah, Jurnal Geologi Indonesia,
Desember 2006, 1(4), 209-227.

Schoen, R., White, D.E., and Hemley, 1.],,
1974, Argillization by descending acid at
Steamboat Springs, Nevada: Clays and
Clay Minerals, v. 22, p. 1- 22.

Setyawan Agus, Harri Yudianto, Jun
Nishijima and Saibi Hakim. 2015.
Horizontal Gradient Analysis for Gravity
and Magnetic Data Beneath Gedong
Songo Geothermal Manifestations,
Ungaran, Indonesia, Proceedings World
Geothermal Congress 2015 Melbourne,
Australia, 19-25 April 2015

Setyawan, A., Fujimitsu, Y., Fukuoka, K.,
Nishijima, J., Ehara, S., Saibi, H., 2007,
Geophysical Investigation of Ungaran
Volcano, Central Java, Indonesia,
Proceedings 29th , New Zeland.

Thanden RE, Sumadirdja H, Richard PW,
Sutisna K. dan Amin TC., 1996, Peta
Geologi Regional Lember Magelang dan
Semarang, skala 1 100.000, Pusat
Penelitian dan Pengembangan Geologi,
Bandung.



