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Abstract. The Tiris area in the Lamongan Volcano Complex, Probolinggo, East
Java, is estimated to be an area with geothermal potential in Indonesia. This is
indicated by the existence of several hot springs along the Tancak River, forming
a continuous line with a distance about 20-50 m between each hot spring.
Segaran hot springs are one of the hydrothermal manifestations that can indicate
the presence of geothermal potential in this location. Some previous research
has shown the existence of subsurface geological structures around Segaran hot
springs in a northwest-southeast direction. However, the identification of geo-
thermal manifestations in this location is limited, so magnetic data can help iden-
tify subsurface geological structures to confirm the geothermal potential in this
area. A significant contrast in horizontal magnetic anomalies indicates the exis-
tence of subsurface geological structures. To delineate the boundaries of the
magnetic anomaly, the first horizontal derivative and second vertical derivative
were applied. To determine the depth of the magnetic anomaly, located Euler
deconvolution was used. The integration of these three transformations on the
magnetic data is sufficient to interpret the position, direction, and depth of sub-
surface structures in the research area. The results show the position of domi-
nant lineament in the Lamongan Volcano Complex through Segaran hot springs
is a northwest-southeast orientation. These results align with the dominant
orientation from the density lineaments analysis performed based on the Digital
Elevation Model Nasional (DEMNAS). Building from previous research, the
existence of fault structures correlated with Segaranhot springs can improve the
indication of geothermal potential in the Lamongan Volcano Complex, especially
in the Tiris area.

Ancrpakt. O6sact Tupuc y koMmiuiekcy ByskaHa JlamonraH ([Ipo6osivHro,
HUcrouHa JaBa), nmpejcTaB/ba NMOAPYYje ca reoTepMaJHUM MOTEHIUjaJ oM y
Wupone3uju. Ha To ykasyje nocrojarbe HEKOJIMKO TOIJIMX U3BOpA LYK peke
TaHnak, Koju cy nopehanu y HU3y ca pactojameM of, oko 20-50 m usmebhy
cBaKor usBopa. Toriu ussopu CerapaH Cy jeZjHa of, XUJpOTepMaTHUX MaHU-
decTanuja Koja MoXKe YKa3WBATH Ha MPUCYCTBO re0TepPMaIHOT OTEHIIHjala
Ha 0BOj JloKaluju. Heka npeTxosHa UCTpaXUBamwa Cy II0Ka3a/a MOCTOojambe
MO/I3€MHUX T'eO0JIOLIKHUX CTPYKTYpa OKO OBHUX M3BOPa Ca MpaBLeM IpyxKama
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K/by4He peun
HepusayuorHa anaausa,
Ojneposa dekoHeoyyuja,
pacedHa cmpykmypa,
monau uzeopu Cezapak,
HcmouHa Jasa.

ceBepo3ana/i-jyrouctok. Mehytum, naeHtudukanmja reoTepMaaHOT TOTEH-
[jMjaJjla Ha 0BOj JIOKAllUjH je OrpaHUY€eHa, TaKO Jla FTeOMarHeTHU NoJany MOry
noMohu y uieHTuPUKaLUjU NOJ3EMHUX e0JOUIKUX CTPYKTypa Kako 6U ce
NOTBPAMO reoTepMaJHU MOTEeHIUja] ¥ 0BOj 06/1aCTU. 3HaYajHe pasJiuKe y
XOPHU30HTAJTHUM MarHeTHUM aHOMaJIMjaMa yKa3yjy Ha I0CTOjakbe MOA3EMHUX
reoJIOIKUX CTPYKTypa. [la 61 ce OKOHTypHJIe TpaHHIle MaTHETHE aHOMaJIHje,
NpUMEHEHE Cy XOPU30HTAJIHE U BEPTUKAJIHE JleprBaliyje. 3a MpoLeHy AyoruHe
MarHeTHe aHoMaJdje KopuiiheHa je OjaepoBa JeKoHBoJynHja. MHTerpucaHa
NpUMeHa OBe TPHU MPOMeHe Ha MarHETHUM INojaluMa oMoryhaBa TyMayerme
M0JI0%Kaja, MpaBLia U AyOUHe N0/I3eMHUX CTPYKTYpa Y 00J1aCTU UCTPAKUBakha.
Pe3synTaTu nokasyjy /ja opyjeHTanyja JOMUHAHTHUX paceJHUX CTPYKTypa y
KOMILJIEKCY ByJIKaHa JlaMOHraH npaTu Toiie u3Bope CerapaH mpaBleM Npy-
»)Kama ceBepo3anaf-jyrouctok. OBU pe3y/aTaTH Cy y CarJIaCHOCTH ca JLOMHU-
HaHTHOM OpPHjeHTallujoM aHa/M3e I'yCTUHE CTPYKTypa U3BeJileHe Ha OCHOBY
Digital Elevation Model Nasional (DEMNAS). Ha ocHOBY npeTXo/{HUX HCTpa-
»KHBakba, I0CTOjabe paceHUX CTPYKTYpa y KopeJallUju ca TOIJIMM U3BOpHUMa
CerapaH, MOXe M060JbLIATH HHAUKAIU]Y Fe0TepPMaIHOT MOTEHIIUjala ¥ KOM-
IJIeKCy By/ikaHa JlaMoHTraH, nocebHo y o6Jsiactu Tupuca.

Introduction

Indonesia has 28,910 MWe of geothermal poten-
tial spread across several locations, but its utilization
only reached 1,533.5 MWe in 2016 and increased to
1,948.5 MWe in 2018 (DaArMA et al., 2020; PaMBUD],
2018). The Tiris area, located in the Lamongan Vol-
cano Complex, Probolinggo, East Java, is estimated to
be one area with geothermal potential in Indonesia.
Based on data from the Ministry of Energy and Mine-
ral Resources in 2017, this location has geothermal
potential with an area of 299 km?® with fumarole and
hot springs manifestations (Sipik & HArRMOKo, 2022).
A survey conducted by Hitay Rawas Company found
that the geothermal power potential in Tiris is ap-
proximately 147 Mwe (Wiyono et al,, 2022). One of
the hydrothermal manifestations that can indicate
the existence of geothermal potential in this location
is the Segaran hot springs (DeoN et al,, 2015; [LHAM &
NiasaRrl, 2018; SioMBONE et al., 2021). There are several
hot springs besides the Segaran hot spring that form
a continuous line with a distance about 20 - 50 m be-
tween hot springs along the Tancak River (SIOMBONE
etal, 2021).

The Lamongan Volcano Complex (LVC) is an active
volcano that last erupted in 1898 and had multiple
localized earthquakes in 1925, 1978, 1985 and
1988-1989 (CarN, 2000). The location of geothermal

manifestations in the LVC categorizes this potential
area as a volcano-hosted type (PURNOMO & PICHLER,
2014). Based on data from the Ministry of Energy and
Mineral Resources, the Lamongan Volcano Complex
is composed of lavas, fine tuffs to lapilli, lahars, and
volcanic breccias resulting from the eruption of
Mount Lamongan, the youngest vent in the complex
(SuHARSONO & SuwARTI, 1992; CARN et al,, 1999). The
location of this hot spring is close to one of the maars
in the Lamongan Volcano Complex, Ranu Segaran,
which is composed of grayish-orange fine ash to
lapilli deposits and has a cross-bedding structure
(GurusiNGa et al., 2023). Based on previous research,
NuGroHoet al. (2020) interpreted the presence of line-
aments in the Lamongan Volcano Complex with
dominant directions of northwest-southeast and
southwest-northeast using morphometric analysis.
On the other hand, Aziz et al. (2018) identified a geo-
logical structure with a northwest-southeast and
west-east orientation using satellite gravity methods
around the Lamongan Volcano Complex. The fault
type near Segaran hot springs is a normal fault based
on analysis with the second vertical derivative (SVD)
filter.

Research from SioMBONE et al. (2021) managed to
describe the subsurface conditions around Segaran
hot springs using the gravity method inversion. The
inversion performed on the residual anomaly data
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provides a 3D subsurface model with a depth of 1000
m. Based on the subsurface model, there are four rock
layers interpreted as lapilli tuff, tuffaceous breccia,
volcanic breccia, and intrusion of basalt. Fault struc-
ture was found near the hot springs, passing through
three layers over intrusion of basalt to a depth of
around 150 m. Another research from SupriaNTOet al.
(2020) showed different results. The inversion of
gravity data did not indicate any intrusion of basalt
and the geological structure was interpreted down to
a thousand meters of depth. However, these results
align with the magnetic data inversion results. The
geological structure interpreted from the gravity data
is associated with low susceptibility values, indicat-
ing a high-temperature zone.

The identification of geothermal manifestations in
this area is limited, and further geophysics surveys
are needed. One such method is using magnetic sur-
veys to identify subsurface geological structures. In
his research, BASANTARAY & MANDAL (2022) used mag-
netic and gravity methods in a non-volcanic hot
spring zone to describe the subsurface structure and
its influence on geothermal activity. They used Euler
deconvolution analysis to estimate the depth of the
anomaly source. Moreover, MEkkawI et al. (2022)
combined magnetic and magnetotelluric methods to
evaluate geothermal potential by identifying the
structure through derivative analysis and Euler de-
convolution. Similarly, BALoGun (2022) conducted an
analysis using aeromagnetic data to reduce the risk
of subsurface geological structures. Building on pre-
vious research that identified geological structures
and lineaments in the Lamongan Volcano Complex,
this research aims to identify the position, direction,
and depth of subsurface geological structures with
magnetic method approach. Magnetic data was col-
lected around the Segaran hot spring as one of the ge-
othermal manifestations in the Lamongan Volcano
Complex. These results will enhance the understand-
ing of geothermal potential in the area where the
Segaran hot spring manifestation is located.

Research Area

The Lamongan Volcano Complex is located on
the peninsula of East Java and lies in a broad depres-

sion between the massifs of Tengger-Semeru and
Iyang-Argupura, around 200 km above the Wadati-
Benioff zone (CARN et al.,, 1999; CARN & PyLE, 2001).
Stratigraphically, the Lamongan Volcanic Rocks
(Qvl) are composed of lava, fine tuffs to lapilli, and
volcanic breccia, which are the result of the Mount
Lamongan eruption based on the Geological Map of
the Probolinggo Quadrangle from the Ministry of
Energy and Mineral Resources as shown in Figure 1
(SuHARSONO & SuwaARTI, 1992). Lamongan Volcano it-
self is a young volcano that has separated from
Tarub Volcano, an older eruption period, due to the
northwest-southeast orientation of the geological
structure (CaRrN, 2000; YUuDIANTORO et al,, 2019). The
Geological Map of the Lamongan Volcano Area from
the Center for Volcanology and Geological Hazard
Mitigation in 1986 shows that Mount Lamongan’s
younger eruptions cover the western and southern
slopes of the main cone (BrRoNTO, 1986 in AGUSTIN,
2020). These eruptions include lava groups from the
main cone eruption, lava from side eruptions, pyro-
clastic deposits, and lahar deposits. The eruption of
Mount Tarub dominates the eastern slope of the
main cone, consisting of lava groups from the main
cone eruption, lava from side eruptions, and pyro-
clastic deposits. DEoN et al. (2015) analyzed rock
samples taken from several locations around Mount
Lamongan. The results showed that the lava is
basaltic with major mineral plagioclase and minor
minerals olivine and pyroxene.

Other than from the eruption of the main cone,
there are rocks from side eruptions scattered in the
Lamongan Volcano Complex. These rocks indicate
the presence of cinder cones and maars around
Mount Lamongan, estimated at 61 cinder cones and
29 maars (CARN & PyLE, 2001). These monogenesis
volcanoes are the result of a single eruption period,
which can produce pyroclastic cones or maars if the
eruption intersects the nearby groundwater table
(BronTO, 2013). CARNet al. (1999) found that the dis-
tribution of cones and maars around Lamongan Vol-
cano has the same orientation as the geological
structure in the area, which is in a northwest-south-
east direction. Regional structure due to tectonic ac-
tivity in conjunction with magmatic pressure has
probably been the major influence on the distribu-
tion of volcanic activity in the Lamongan Volcano
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Fig. 1. Geological map of the research area, adopted from Geological Map of Probolinggo Quadrangle (SUHARSONO & SUWARTI, 1992 modified).

One of the faults is interpreted to be near Segaran hot springs in a northwest-southeast direction.

Complex (CARN et al., 1999; PuswanTo et al., 2022).
Likewise, the distribution of several hot springs is
associated with Tancak river, which is controlled by
geological structures (Wivono et al.,, 2022). Accord-
ing to data from the Ministry of Energy and Mineral
Resources, several regional structures exist in the
Lamongan Volcano Complex, one of them passes
through near Segaran hot springs with a northwest-
southeast orientationand is indicated to control the
Tiris Geothermal Area (TGA) (SUHARSONO & SUWART],
1992; SIOMBONE et al,, 2022).

Segaran hot springs are composed of Lamongan
volcanic rocks and are close enough to Argopuro
volcanic rocks. This might lead to the possibility of
Argopuro volcanic rocks being found in the subsur-
face of the research area. Based on the Geological
Map of Probolinggo Quadrangle from Ministry of
Energy and Mineral Resources, Argopuro Volcanic
Rocks (Qva) are composed of andesitic to basaltic

lava, volcanic breccia, and tuff (SUHARSONO & SUWARTI,
1992). SioMBONE et al. (2021) described subsurface
conditions using field gravity data by performing in-
version on residual gravity anomaly data. There are
four rock layers that have variations in density val-
ues and structures in the form of faults near hot
springs. Layer 1 is interpreted as a layer of lapilli
tuff, layer 2 is interpreted as a layer of tuffaceous
breccia, layer 3 is interpreted as a layer of volcanic
breccia, and layer 4 is interpreted as an intrusion of
basalt. A fault structure was found beneath Segaran
hot springs, passing through three layers over an in-
trusion of basalt up to around 150 m depth. Lapilli
tuff layers are generally aquifers in volcanic settings
(Fajar et al,, 2021). The location of this hot spring is
close to one of the maars in the Lamongan Volcano
Complex, Ranu Segaran, which is composed of gray-
ish-orange fine ash to lapilli deposits and has a
cross-bedding structure (GURUSINGA et al., 2023).
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Data and Method

The research was conducted around the Segaran
hot spring, Lamongan Volcano Complex, Probol-
inggo, covering an area of 1x1.2 km?as indicated by
a red box in Figure 2. There are several hot spring
spots along the Tancak riverbank in the Segaran hot
spring area. The river passes through the research
area from the southeast to the north side of the re-
search area and the surrounding area consists of
hills with a moderately steep slope towards the
river. Magnetic data collection was carried out using
a Geotron G5 Proton Magnetometer with the rover-
rover or looping method. Measurement at the base
station was carried out at the beginning and the end
of each day’s measurement. A total of 117 data
points were collected at various intervals, following
the contours of the research area because there are
local houses and steep slopes.
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Magnetic methods are based on variations in
magnetic field intensity at the Earth’s surface in re-
sponse to differences in the magnetization proper-
ties of subsurface rocks. These differences in
magnetization cause the Earth'’s total magnetic field
measured at the surface to be inhomogeneous, lead-
ing to what are known as magnetic anomalies
(CLARK, 2014; SEHAH et al., 2020). To obtain the mag-
netic anomaly value, the measured magnetic field
value needs to be corrected using daily variation
correction and International Geomagnetic Referen-
ce Field (IGRF) correction. A significant contrast in
magnetic anomaly values reveal how magnetic
fields react around geological structures and litho-
logical boundaries (Arivo et al., 2020; AtTa, 2023).
Several research using magnetic methods in geot-
hermal areas have been conducted before. MEKKAWI
etal. (2022) combined aeromagnetic and magneto-
telluric data to evaluate geothermal potential by
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Fig. 2. Elevation map of research area with distribution of measurements magnetic data. Segaran hot springs is located in Tancak

riverbank at low elevation between several hills.
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identifying the subsurface geological structure. Ba-
SANTARAY & MANDAL (2022) used magnetic and grav-
ity methods in a non-volcanic hot spring area to
identify the subsurface structure and its influence
on geothermal activity. Low (2020) also employed
magnetic and gravity methods in a hot springs area
to describe the subsurface structure and its influ-
ence on geothermal activity.

Gridding of the data was performed using the
Kriging method because this method provides a
good estimation of values for unsampled areas
(BERGBAUER et al., 2003). Before separating the resid-
ual and regional anomalies, a reduction was per-
formed using the reduce to equator (RTE) filter to
ensure that the magnetic field direction would be
uniform at each measurement point. This filter is
used because the sampling location is closer to the
equator and the results are not significantly differ-
ent from the total anomaly (Ekwoxk et al., 2022; Rus-
MAN et al., 2023). The separation of residual and
regional anomalies was performed using a combi-
nation of radially averaged power spectrum and up-
ward continuation to obtain a reduced regional
anomaly distribution in the research area. Accord-
ing to ToviATUN & SuPRIANTO (2020), applying these
two procedures is quite effective because the depth
estimate from radially averaged power spectrum
can be used as a reference in performing upward
continuation.

The transformations using First Vertical Deriva-
tive (FHD) and Second Vertical Derivative (SVD) on
magnetic data aim to identify subsurface structures
(VerDUZCO et al., 2004; AzkiA & DAup, 2021). These
transformations delineate the boundaries of the mag-
netic anomaly values. FHD describes the boundary of
the difference in magnetic anomaly values horizon-
tally. while SVD describes the boundary of the
difference in magnetic anomaly values vertically, con-
firming the FHD results. The combination of these
two transformations can indicate the position and di-
rection of lineaments in the research area that are
suspected to be subsurface structures. Anomaly val-
ues at 0 on the SVD anomaly distribution map, asso-
ciated with the maximum value of the FHD anomaly
map, can indicate the presence of subsurface struc-
tures (Azkia & Daup, 2021; BaLoGuN, 2022). To deter-
mine the estimated depth of the structure, located

Euler deconvolution was applied. The standard Euler
deconvolution which uses a guided window size, can
lead to errors in characterizing the depth of the
anomaly (CasTro et al,, 2020). Determining the win-
dow width at the beginning of the process is difficult
because the window size must cover the anomaly
without being too large, as overlap can occur. The in-
tegration of the three transformations on the mag-
netic data is sufficient to interpret the position,
direction and depth of subsurface structures in the
research area (BALoGUN, 2022).

The results of the magnetic data were correlated
with the results of the density lineament analysis
that had been obtained before collecting the magne-
tic data. This analysis is preliminary research to
determine the distribution of lineaments in the re-
search area regionally. The lineaments are gener-
ated from the Digital Elevation Model Nasional
(DEMNAS) data with some shadow reliefs that are
interpreted manually. According to Fossi et al. (2021),
a high value of density lineaments indicates the
presence of geological structures at that location.
The correlation of magnetic data and density linea-
ment analysis will support each other to identifying
the location, direction, and depth of geological
structures in this research.

Results and Discussion

Density lineaments analysis was performed based
on Digital Elevation Model Nasional (DEMNAS) with
azimuths of 315°, 200°, 100°, and 50°. The dominant
direction of the lineaments formed in the research
area is northwest-southeast, as shown by plotting
on the rosette diagram in Figure 3 (NABHAN et al,,
2024). Figure 4 show the density lineament map of
research area, which was generated from the ratio
of lineament length per unit area.

This result aligns with the analysis of SIOMBONE et
al. (2022), which shows that the lineaments around
the Lamongan Volcano Complex have a dominant
northwest-southeast direction based on rosette
diagram analysis. The resulting density lineaments
have a value range of 0-8.09 km/km?, with high
values represented in red on the map while low
values are represented in blue. This map shows that
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Fig. 3. Lineaments extracted from each azimuth, 315, 200° 100°,
and 50° (top to bottom). Plotting on the diagram rosette shows
dominant lineaments of research area in northwest-southeast di-
rection.
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Fig. 4. Density lineament map indicates that the research area

located in red zone with high density lineament value.

the research area, symbolized by the red box, is in-
cluded in an area with a high value of density linea-
ments, especially in the central part of the research
area near the Segaran hot springs (Fig. 4). The main
fault in the research area will increase the density
of lineaments so that it has a high value of density
lineaments (AL Brouxi et al., 2023). The high value
is interpreted to be the presence of a geological

structure in the area which indicates that it may
control the formation of hot springs in this location.

Total magnetic anomalies resulting from diurnal
and International Geomagnetic Reference Field (IGRF)
corrections are presented in contour maps using the
Kriging gridding method. Refer to JaiN (1998) in Ba-
SANTARAY & MANDAL (2022), reduce to equator (RTE)
transformation is preferred over reduce to pole (RTP)
in the mid latitude areas. RTE transformation applied
with average inclination dan declination values of the
research area are as -32.4254° and 0.7053168°. The
result from the transformation is shown in Figure 5.

The result of RTE transformation shows an
anomaly value range of -594.480-195.123 nT. Low
anomalies of magnetic intensity dominate the north
and east sides of the research area with a value
range of -594.48 - -205.976 nT in a diagonal direc-

762800 763200 763800

-594.48 195.123

Fig. 5. Map of total reduced magnetic anomaly using reduce to

equator (RTE) transformation.

tion so that it forms a northwest-southeast orienta-
tion. However, there is a low anomaly among the
high anomaly, precisely on the southwest side of the
research area. The high anomaly dominates the
south and west sides of the research area with a
value range of -193.382 - 195.123 nT. The hot
spring that is the object of research is located near
a significant contrast of magnetic field variations.
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These results will be transformed using first hori-
zontal derivative (FHD), second vertical derivative
(SVD), and located Euler deconvolution.

Radially averaged power spectrum was per-
formed to estimate the depth of the regional and
residual magnetic anomalies. The natural logarithm
of power of anomaly data was calculated using Fast
Fourier Transform (FFT) and plotted against the
wavenumber, as shown in Figure 6. The first trend
line with a gradient of 1118.5 represents the deeper
source of the anomaly or known as the regional
anomaly (ABDELRAHMAN et al., 2002; KEBEDE et al.,
2022; KosAroGLU et al., 2016). While, the second
trend line with a gradient of 493.61 represents a
shallow anomaly source or residual anomaly. Depth
estimation can be calculated by dividing the gradi-
ent value by 4m, which is about 40 m for residual
anomalies and 89 m for regional anomalies.

Radially Averaged Power Spectrum
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Fig. 6. Radially averaged power spectrum of total reduced mag-
netic anomaly. The first trendline represents the deeper source
(89 m) and second trendline represents the shallower source
(40 m).

To separate the regional and residual anomalies
into contour maps, an upward continuation filter is
used. The estimated depth of the regional anomaly
is the input to transform the regional anomaly from
its actual depth to the surface level, shown as Figure
7(A). Whereas, the residual anomaly map in Figure
7 (B) was performed by subtracting the total re-
duced anomaly to the regional anomaly.

The distribution of low anomalies in the re-
gional anomaly map dominates the north and east
sides of the research area with a value range of
-382.244 - -286.30 nT in a diagonal direction, form-
ing a northwest-southeast orientation (Fig. 7A).

762800 763200 763800

762800 763200 763800

-382.244 -12.984

762800 763200 763800
1

762800 763200 763800

nT
-259.589 255.459

Fig. 7. Regional anomaly map (A) and residual anomaly map (B)
resulted from upward continuation. Similar results for each
anomaly indicate the shallower anomaly continues up to deeper

anomaly.

However, there is a low anomaly among the high
anomaly, precisely on the southwest side of the re-
search area. While the high anomaly dominates the
south and west sides of the research area with a value
range of -109.41 - -12.984 nT. The hot spring that is
the object of research is located near a significant
contrast of magnetic field variations. A significant
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contrast reveals how magnetic fields react around ge-
ological structures and lithological boundaries.
Similarly, on the right side of the hot spring or
northeast side of residual anomaly map, there is a low
anomaly with a value range of -259.589 - -28.36 nT,
while on the left side of the hot springs, or south-
west side, there is a high anomaly with a value range
of 50.84-255.459 nT (Fig. 7B). The significant con-
trast in magnetic field variations in the hot spring
area is clearly illustrated. Results from BALOGUN
(2022), BASANTARAY & MANDAL (2022) and MEKKAWI et
al. (2022) show significant anomalous contrasts
correlated with the geological structures in the area.
The first horizontal derivative (FHD) and the se-
cond vertical derivative (SVD) were subjected to the
total reduced magnetic anomaly. The results of FHD
are shown in Figure 8 with anomaly value is range of
-1.789 - 5.694 nT/m, the maximum value shown in
pink and the minimum value shown in dark blue.
High anomalies are scattered in northwest-southeast
and southwest-northeast parts of research area. Low
anomalies are also scattered in several locations in
the research area. Segaran hot springs is located at a
high anomaly, which is the maximum value of the first
horizontal derivative. The results of SVD in Figure 9
can confirm the FHD results. The value of SVD ano-

762800 763200 763800
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Fig. 8. Map of the first horizontal derivative (FHD) anomaly with

the black line shows the maximum value of the FHD.

maly is range of -0.239 - 0.238 nT/m?. High and low
anomalies are scattered in several locations of the re-
search area, with the distribution pattern having a
northwest-southeast and southwest-northeast orien-
tation, like the FHD anomaly map.

The maximum values of FHD anomaly corre-
spond to contacts between total reduced anomaly
boundary, which can be interpreted as lineaments.
The black line on the FHD map shows the linea-
ments from maximum anomaly value which have a
dominant direction northwest-southeast and south-
west-northeast (Fig. 8). The SVD anomaly value at
point 0 is marked with a black line and having a
northwest-southeast and southwest-northeast di-
rection (Fig. 9). The lineaments resulting from the
FHD map is then overlaid with the lineaments re-
sulting from the SVD map, as shown in Figure 10.
The lineaments that coincide can indicate the pres-
ence of subsurface structures (Azkia & Daup, 2021;
BaLoGuN, 2022).

From the total reduced magnetic anomaly map,
the located Euler deconvolution can be used to esti-
mate depth of anomaly sources. An important para-
meter in located Euler deconvolution transformation
is the Structural Index (SI). According to Ariyo et al.
(2020), an Sl value of 1.0 is the most useful Euler so-

763800

nT/m?

-0.239 0.238

Fig. 9. Map of the second vertical derivative (SVD) anomaly with
the black line shows the value at 0 of the SVD.
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Fig. 10. Map of the interpreted lineament of first horizontal deri-

vative (FHD) and second vertical derivative (SVD) transformation.

lution for characterizing the depth of magnetic ano-
maly sources because the geometric assumptions can
be linear or oblique. The results of this deconvolution
are shown in Figure 11.

The depths of anomaly sources from the located
Euler deconvolution transformation are grouped into
three categories: <50 m (blue dots), 50-100 m (green
dots), and >100 m (red dots). Anomalies with depths
<50 m are dominantly located in the southwest of the
research area and have a southwest-northeast orien-
tation near Segaran hot springs. Anomalies with
depths of 50-100 m and >100 m have a northwest-
southeast orientation. The anomalies corresponding
to the results of the FHD and SVD transformations in-
dicate subsurface geological structures. The overlaid
results of FHD, SVD, and located Euler deconvolution
are shown in Figure 12.

The lineaments from magnetic data have north-
west-southeast, north-south, and southwest-north-
east directions, marked by a dashed red line. These
results are agreed with the preliminary research
using density lineament analysis based on Digital
Elevation Model Nasional (DEMNAS), marked by a
dashed blue line. Overlaid of both data shows the
dominant direction of the lineament of the study
area is northwest-southeast. The Geological Map of
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Fig. 11. The anomaly distribution of located Euler deconvolution

is given with three classification depth.
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—— Fault = = = Lineament (Magnetic Data) = = = Lineament (DEMNAS) @~ Segaran Hot Springs

Fig. 12. The position of the fault structure near the Segaran hot
springs is oriented in a northwest-southeast direction. This result
is derived from the overlay of lineaments identified through the
integration of FHD, SVD, and located Euler deconvolution trans-

formation with the lineament obtained from DEMNAS.

the Probolinggo Quadrangle from the Ministry of
Energy and Mineral Resources shows the presence
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of fault structures near the Segaran hot springs in a
northwest-southeast direction. This research con-
firms the results of previous research using different
methods. Analysis by SIoMBONE et al. (2022) using
satellite gravity data successfully figured out the di-
rection of a discontinuity fault structure around
Tiris Geothermal Area (TGA) in a northwest-south-
east direction. These results are supported by linea-
ment analysis on Digital Elevation Model Shuttle
Radar Topography Mission (DEM SRTM) data in the
same research.

The presence of a depth anomaly of >100 m near
the Segaran hot springs indicates that geological
structure for the hot water flows reaches a depth of
more than 100 m. The depth of over 100 m is
supported by the consistent distribution of regional
and residual anomalies that have depths of 89 m and
40 m, respectively. The location of the Segaran hot
springs is always near significant anomaly changes
that may indicate a discontinuity in the geological
structure at representative depth. SIoOMBONE et al.
(2021) shows 3D subsurface model performed by in-
version on the residual anomaly data with 1000 m
depth. A fault structure was found beneath Segaran
hot springs, passing through three layers over an
intrusion of basalt up to around 150 m depth. Consi-
stent with these findings, fault structures near the Se-
garan hot springs in a northwest-southeast direction
are marked by solid black lines (Fig. 12).

Conclusion

The results of first horizontal derivative, second
vertical derivative and located Euler deconvolution
transformation on magnetic data successfully iden-
tified the location, direction, and depth of linea-
ments. The dominant direction of lineament around
Segaran hot spring is a northwest-southeast. These
results are consistent with the density lineaments
analysis that shows the presence of geological struc-
tures in the same direction. Then, the similarity of
the regional and residual anomaly distributions
supports the results of the located Euler deconvolu-
tion, that there is a structure beneath the Segaran
hot spring for hot water flow up to 100 m depth.
According to some previous research, fault struc-

tures were found near the Segaran hot springs with
the same orientation as the analysis results of this
research. The existence of fault structures corre-
lated with Segaran hot springs can lead the indica-
tion of geothermal potential in Lamongan Volcano
Complex, especially in Tiris area.
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Pe3ume

UaeHTudUKaLUja reoJIOKUX
CTPYKTypa y re0TepMaIHOM KOMILJIEKCY
By/IKaHa /lTaMOHraH Ha OCHOBY aHa/Iu3e
reoMarHeTHHX MojaTakKa

O6usact Tupuc y KoMIJieKcy ByJikaHa JlaMoHTraH
(ITpo6osinHro, cTouHa JaBa) npeAcTaB/ba MOAPYYje
ca 3Ha4ajHUM reoTepMa/IHUM NOTeHLHjaIoM y UH-
JOHe3Uju. Y3 peKy TaHLIaK IOCTOjU HEKOJIMKO TOII-
JIUX U3BOpa KOjU Cy KOHTPOJIMCAaHU TE€OJIOIIKUM
CTPYKTypaMa U nopehaHu cy y HU3Y ca pacTojambeM
on oko 20-50 m usmehy cBakor usBopa. JeJlHa o/
XUJIPOTEPMATHUX MaHUpecTalja Koja yKka3yje Ha
reoTepMaJ/lHU [OTeHIMjajl OBOr NOApPY4Yja Cy TOIJIU
n3Bopu Cerapan. [IpeTxonHa uCTpaxuBama Cy
yKasaJia Ha I0CTOjambe re0JIOLKUX CTPYKTYpa 0KO
TOIIUX M3Bopa CerepaH ca NpaBILeM MIpy>Karba CeBe-
posanaj—jyrouctok. [Ipukyn/bame MarHeTHUX 10-
JlaTaka 00aBJ/beHO je npahemeM KOHTYpa UCTPaKu-
BaHOT NOJAPYYja, LITO je pe3yJTUPAJIO Pa3JIUIUTUM
MHTepBa/iMMa U3Melhy Tadaka, ca ykynHo 117 Tada-
ka. Hekosinko guitTepa je nprMermeHo Ha MOJAaTKe O
YKYITHOM UHTE€H3UTETY MarHeTHOT 110Jba, YKJbY4Y]y-
hu penykuujy ekBatopa (RTE) ga 6u ce cranapzu-
30Bao0 CMep MarHeTHOT [10J/ba Y CBAKOj TAYKU Mepeha,
CIeKTpaJIHy aHaJu3y Jla 6U ce mMpoleHuIa Ay6rHa
pervoHaJHUX aHOMaJlvja ¥ OTKpHUBake aHOMasluja

Ny6sbux usBopa. OBu putepu cy oMoryhuan us-
pajly perioHajiHe Male MarHeTHUX aHOMaJuja U
Marne pe3uJyaJHUX MarHeTHUX aHoManuja. O6e
KapTe Cy 0Ka3aJie aHOMaJldje ca IpaBLeM Mpy»Kakba
ceBepo3ana/i-jyroucToK y 6JIM3MHU TOILJIMX U3BOpa
CerapaH ¥ npaBLiEM NpyKama jyro3ana/i-ceBepouc-
TOK Ha jyrosanaly UCTpaxkuBadkor nnozapydja. Tpanc-
¢dbopMaliyje NpBe XOPU30HTAIHE U IpyTe BEPTHUKaIHE
JlepuBaluje cy cupoBe/ieHe Jia 6u ce U3BYKJe rpa-
HULEe U3BOpa MarHeTHUX aHoMasuja. OjaepoBa fe-
KOHBOJIYLIM]ja je U3BpIlleHa Jla 6U ce oJipeiuia ay6ou-
Ha MU3BOpa MarHeTHe aHOMaJlMje U MPEKJIONJbeHa je
ca JepUBallMOHOM aHajJu3oM. [IpyuMeHOM OBUX
TpaHcdopMalyja Ha MarHeTHe OJlaTKe MOXKe ce Jie-
duHMCcaTH JIoKalja, IpaBal, U AyO6uHa M0/i3eMHUX
CTPYKTypa y 06J1aCTH UCTPaXKKBama. Pe3ystaTu mo-
Kasyjy IOMUHaHTHY paceiHy CTPKTYPY Y KOMILJIEKCY
ByJIKaHa JlaMoHraH y 6JIM3UHM TOIJIMX U3Bopa Ce-
rapaH ca OpUjeHTalUjoM CceBepo3anas-jyroucTOoK.
OBHM pe3y/aTaTH Cy y CarJlaCHOCTH €a JOMMHAaHTHOM
OpHjeHTAalLYMjoM aHa/Iu3e IYCTUHE CTPYKTypa U3Be-
neHe Ha ocHoBy Digital Elevation Model Nasional
(DEMNAS). [TocTojame pacefHUX CTPYKTypa y Kope-
JIAlUj| ca TOmJIMM u3BoprMa CerapaH noBehaBa UH-
JHKal¥jy re0TepMaJHOT [TOTeHIjasa Y KOMILJIEKCY
By/iKaHa JlaMmoHraH, moce6Ho y o6s1actu Tupuca.
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