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Abstract: The lineaments with NE-SW direction formed by the Umbulan Spring,
Banyubiru Spring, and Ranu Grati Maar in Pasuruan Regency indicate a geological
structure. This structure is predicted to play a role in forming these springs and maar.
Therefore, a study was conducted to identify the presence of these geological structures
using the GGMPlus satellite gravity data. The data used in this study were 945 points
with spacing intervals of about 200 to 300 meters. Satellite gravity data needs to be
corrected so that the Complete Bouguer Anomaly (CBA) value is obtained, which can be
used to determine the distribution of density contrast values in the research area.
Gridding is done by using a Second Vertical Derivative (SVD) filter to determine existing
fault that results in the lineaments of the two springs and maar based on the second
derivative value from CBA. It was found that the range of interpolated CBA values in the
study area was around 143 mGal to 150 mGal. SVD analysis indicates existing a fault
plane exists through Umbulan Springs, Banyubiru Springs, and Ranu Grati Maar with E-
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W direction.
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Introduction

Umbulan Spring, the largest spring in Indonesia, is
a unique hydrogeological phenomenon on the northern
side of the Bromo-Tengger Volcanic Complex (Fajar et
al., 2021). Administratively, this spring is located in the
Pasuruan Regency, with coordinates of 7°45'34.94” S
112°56'3.65” E and a debit of 3500 L/s. Based on the
genesis of spring formation, Umbulan is a type of spring
that is formed due to a fault (Rengganis & Seizarwati,
2015). The North Pasuruan fault zone surveyed shows
the presence of a South-North graben forming the
Pasuruan Plain (Marliyani, 2016; Toulier et al., 2019). In
addition to the Umbulan Spring, the Banyubiru spring
and the Maar Ranu Grati are considered to form a
lineament. Physiographically, this lineament lies in the
Ngawi and Quaternary Mountains Sub-zone, which
includes the Solo and the Kendeng Zone (van
Bemmelen, 1949).

How to Cite:

Based on the Geological Map, the Umbulan Spring
is located in the Middle Quarter Volcanic Formation,
which consists of volcanic breccia, tuff, lava,
agglomerates, and lahars (Santosa & Suarti, 1992).
However, the result of geoelectrical measurements
shows that the rocks making up the Umbulan Spring are
sand, tuffaceous sand, breccia, sandy breccia, sandy tuff,
and tuff (Tatas et al., 2014). On the other hand, the
Banyubiru Spring and the Ranu Grati Maar are included
in the Rabano Tuff Formation, which consists of sandy
tuff, floating tuff, tuffaceous breccia, and fine sandy tuff
(Santosa & Suarti, 1992). It should be noted that Maar is
formed from hydromagmatic eruptions driven by a
direct interaction between magma and water, such as
groundwater, sea, or rivers (Sottili et al., 2012).
Therefore, the two springs considered as lineament
could be called structural springs due to faults based on
the lithology of the rock forming the springs.
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In determining the presence of geological
lineament, the Satellite Gravity method is used to map
the distribution of subsurface rock density values due to
the differences in gravitational field values from one
observation point to other points (Hinze et al., 2010;
Kamto et al., 2021; Lestari et al., 2023; Pratama et al.,
2023). Gravity anomaly became important object to
identify gravitational anomaly in the research area
related to rock density and structural geology (Abdullah
et al., 2022; Bychkov et al., 2021; Nafian et al., 2022;
Sanjaya et al., 2023). Gravity method is based on
Newton's Law of Gravity which states that two objects
are mutually attracted because of the object’s
gravitational field (Ansari & Abouelmagd, 2020; Qin,
2022; Wei et al, 2023). By using First Horizontal
Derivative (FHD) and Second Vertical Derivative (SVD)
analysis, the Gravity method data can show geological
feature anomalies so that they can detect the geological
structures (Darmawan et al., 2021; Dewanto et al., 2022;
Yanis et al.,, 2022; Yusvinda et al., 2021). Significant
changes in anomaly values are generally controlled by
the presence of faults beneath the surface (Sota, 2011).
Therefore, the Satellite Gravity method in this research
with SVD analysis was used to prove the presence of the
lineament between Umbulan Spring, Banyubiru Spring,
and Ranu Grati Maar.

Method

This study used 945 satellite gravity data from
Global Gravity Model Plus (GGMPlus) since it can detect
observation gravity values. Satellite gravity data have
geoid undulation interval between 200 to 300 meters
from 60° LN - 60° LS (Hirt et al., 2013). The study has 44
km? areas with various morphology, which are steep
areas in the south and sloping areas in the north study
area. The satellite gravity data distribution is shown in

Figure 1.
Complete Bouguer Anomaly (CBA) was
determined from several satellite gravity data

corrections. Kriging gridding method was applied in
CBA anomaly to interpret 2-D profile, which the data
weighting is based on the distribution and correlation of
the satellite gravity data (Kanda, 2018; Mulugeta et al.,
2021; Omollo & Nishijima, 2023). Second Vertical
Derivative (SVD) filter was used to make shallow
anomaly effects from residual influence and to
determine the geological structure boundary in this
location (Yulistina, 2017). SVD value is obtained from
CBA value derivative to spatial data distance, so it can
be used to identify a fault from contiguous maximum
and minimum anomaly values (Dewanto et al., 2022).
The second derivative has a clear and good figure
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because this filter emphasizes shallow anomaly over
regional anomaly (Elkins, 1951).

GRAVITY SATELITE DATA
DISTRIBUTION MAP

Legend
+) Banyubiru Spring
© Ranu Grati Maar
= Umbulan Spring
® Measured Satellite Gravity

Figure 1. Satellite gravity data distribution in study area.
Result and Discussion
As a result, from satellite gravity data correction,

the distribution value of Complete Bouguer Anomaly
(CBA) is figured out in Figure 2 as 2-D profile.

CBA MAP ‘
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Figure 2. Complete Bouguer Anomaly (CBA) from satellite
gravity data maps.

From that map, very low value of gravity anomaly
distributes in the south and low value distribute in the
north study area, that is around 143 mGal. Meanwhile,
the center study area has a high value of gravity
anomaly around 150 mGal, which distribute in E-W
direction. These maps have great representative grades
because the satellite gravity data interval does not need
to interpolate so far.

First Vertical Derivative (FHD) results a first
derivative value distribution of CBA, and Second
Vertical Derivative (SVD) used at FHD value to results a
second derivative of CBA to spatial data distance. Figure
3 showing a distribution of SVD value.
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water can move up to the surface through that fracture
(Kodoatie, 2012). In maar formation, faults make
fractures to magma intrusion, which possible to meet an
aquifer system and occur an explosion because the water
in the aquifer getting hotter. The crater because
explosion will fill by water from that aquifer.
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Figure 3. Second Vertical Derivative (SVD) from CBA maps.

Based on this map, SVD value starts from -
0.0000907 mGal/m2 until 0.0000597 mGal/m?2.
Distribution of SVD value shows a high value in the
center study area, which have E-W direction. Fault plane
interpretation must follow contrast value from one data
to another data. Slicing in SVD value was applied to get
second derivative value curve, which can be used to
indicate fault plane in study area. For this reason, slicing
must be perpendicular with the direction of the fault
plane indication, as in Figure 4.
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Figure 4. Second Vertical Derivative (SVD) from CBA slicing
maps.

Maximum and minimum extreme values from the
second derivative value curve are indicators for fault
plane analysis. The curve analysis result is shown in
Figure 5 and this interpretation is shown in Figure 6.
Indicate fault plane exists in the center study area
through Umbulan Springs, Banyubiru Springs, and
Ranu Grati Maar with E-W direction. Moreover, some
lineament indicated around the fault plane is estimated
as a weak zone from this fault plane. Fault exists with
springs because this geological structure makes a
fracture in impermeable layer and confined aquifer so
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Figure 5. Second Vertical Derivative (SVD) from CBA slicing
curve of (a) Line 2 (b) Line 4 (c) Line 5 (d) Line 6.
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Figure 6. Fault indication based on Second Vertical Derivative
(SVD) curve.

Conclusion
The analysis result using the Second Vertical

Derivative (SVD) from CBA value on satellite gravity
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that resulting gravity anomaly around 143 mGal to 150
mGal. Data result indicates a fault in the SW-NE
direction, which has a lineament from the Umbulan
Spring area to the Ranu Grati Maar area. This lineament
shows that the fault caused the emergence of Umbulan
Spring and Banyubiru. In addition, magma intrusion
from the Bromo Volcano complex can pass through the
fault, which can form a maar due to the contact between
the intrusion and the aquifer in the area. This research is
fundamentally from further research that combined
geology and geophysical data that would be
representative condition of geoscience aspect in the
research area.

Acknowledgments

The authors expressed thank you very much to any parties and
collaborators that gave their contribution and support to this
research that can be finished well.

Author Contribution

Dhea Pratama Novian Putra and M. Haris Miftakhul Fajar
have conceptor role in this research. Dhea Pratama Novian
Putra, M. Haris Miftakhul Fajar, Dwa Desa Warnana, and
Amien Widodo collected satellite gravity data, also processing
and analysis. Dhea Pratama Novian Putra, M. Haris Miftakhul
Fajar, Amien Widodo, Faqih Ulumuddin, and Syabibah
Zakiyya Zukhrufah interpreted processing result and writing
article draft. Fagih Ulumuddin and Syabibah Zakiyya
Zukhrufah doing validation and research administration.

Funding

The authors gratefully acknowledge financial support from the
Institut Teknologi Sepuluh Nopember forthis work, under
project scheme of the Publication Writing and IPR Incentive
Program 2022.

Conflicts of Interest

The authors declare no conflict of interest. This research is an
original research article, which is not used any forbidden and
restricted data that will create any conflict.

References

Abdullah, F., Yanis, M., Razi, M. H., Zainal, M., & Ismail,
N. (2022). Subsurface Mapping of Fault Structure in
the Weh Island By Using a 3D Density of Global
Gravity. International Journal of GEOMATE, 23(96),
121-128. https:/ /doi.org/10.21660/2022.96.3354

Ansari, A. A., & Abouelmagd, E. I. (2020). Gravitational
potential formulae between two bodies with finite
dimensions. Astronomische Nachrichten, 341(6-7),
656-668. https://doi.org/10.1002/asna.202013726

Bychkov, S., Dolgal, A. & Simanov, A. (2021).
Interpretation of Gravity Monitoring Data on
Geotechnical Impact on the  Geological
Environment. Pure and Applied Geophysics, 178(1),
107-121. https:/ /doi.org/10.1007 /s00024-020-

October 2023, Volume 9 Issue 10, 8462-8466

02640-8

Darmawan, D., Daud, Y., & Iskandar, C. (2021).
Identification of Geological Structure Based on
Gravity and Remote Sensing Data in “x”
Geothermal Field. AIP Conference Proceedings,
2320(March). https:/ /doi.org/10.1063/5.0038807

Dewanto, B. G., Priadi, R., Heliani, L. S., Natul, A. S.,
Yanis, M., Suhendro, I., & Julius, A. M. (2022). The
2022 Mw 6.1 Pasaman Barat, Indonesia Earthquake,
Confirmed the Existence of the Talamau Segment
Fault Based on Teleseismic and Satellite Gravity
Data. Quaternary, 5(4).
https:/ /doi.org/10.3390/ quat5040045

Elkins, T. A. (1951). The second derivative method of
gravity interpretation. Geophysics, 16(1), 29-50.
https://doi.org/10.1190/1.1437648

Fajar, M. H. M., Warnana, D. D., Widodo, A., Prabawa,
S. E, & Iswahyudi, A. (2021). Aquifer System
Analysis to Identify the Cause of Groundwater
Depletion at Umbulan Spring, Indonesia. Chemical
Engineering Transactions, 89(September), 385-390.
https:/ /doi.org/10.3303/ CET2189065

Hinze, W. J., Von Frese, R. R. B., & Saad, A. H. (2010).
Gravity and magnetic exploration: Principles, practices,
and applications. Cambridge University Press.
https://doi.org/10.1017/CB0O9780511843129

Hirt, C., Claessens, S., Fecher, T., Kuhn, M., Pail, R., &
Rexer, M. (2013). New ultrahigh-resolution picture
of Earth’s gravity field. Geophysical Research Letters,
40(16), 4279-4283.
https:/ /doi.org/10.1002/ grl.50838

Kamto, P. G., Lemotio, W., Tokam, A. P. K., & Yap, L.
(2021). Combination of Terrestrial and Satellite
Gravity Data for the Characterization of the
Southwestern Coastal Region of Cameroon:

Appraisal  for  Hydrocarbon  Exploration.
International ~ Journal — of  Geophysics,  2021.
https://doi.org/10.1155/2021/5554528

Kanda, 1. K. (2018). Geological, Geophysical and
Geochemical Studies on the Hydrothermal System of
Menengai  Geothermal — Field, Kenya. Kyushu
University.

Kodoatie R. J. (2012). Tata Ruang Airtanah. Penerbit Andi.

Lestari, N. A. G., Maryanto, S., & Santoso, D. R. (2023).
Derivative Analysis for Estimating Subsurface
Structures in the Kawi-Songgoriti Geothermal
Area. AIP  Conference  Proceedings,  2540.
https:/ /doi.org/10.1063/5.0106820

Marliyani, G. L. (2016). Neotectonics of Java, Indonesia:
Crustal Deformation in the Overriding Plate of an
Orthogonal Subduction System. In Arizona State
University.

Mulugeta, B. D., Fujimitsu, Y., Nishijima, ]., & Saibi, H.
(2021). Interpretation of gravity data to delineate

the subsurface structures and reservoir geometry of
8465



Jurnal Penelitian Pendidikan IPA (JPPIPA)

the Aluto-Langano geothermal field, Ethiopia.
Geothermics, 94.
https:/ /doi.org/10.1016/j.geothermics.2021.10209
3

Nafian, M., Gunawan, B., Permana, N. R., & Umam, R.
(2022). Identification of the Subsurface Structure of
Geothermal Working Area of the Hamiding
Mountain, North Maluku through Land Surface
Temperature (LST) Data and Forward Modeling
with the Gravity Method. Journal of Natural Sciences
and Mathematics Research, 8(1), 10-19.
https://doi.org/10.21580/jnsmr.2022.8.1.11902

Omollo, P., & Nishijima, J. (2023). Analysis and
Interpretation of the gravity data to delineate
subsurface structural geometry of the Olkaria
geothermal reservoir, Kenya. Geothermics, 110,
102663.
https:/ /doi.org/10.1016/j.geothermics.2023.10266
3

Pratama, I. P. D., Osawa, T., & As-syakur, A. R. (2023).
Identification of Fault Zone in Bali Using GGMPlus
Gravity and Alos-2 Palsar-2 Data. Jurnal Geografi,

15(1). Retrieved from
https:/ /jurnal.unimed.ac.id/2012/index.php/ geo
/article/view /40772

Qin, S. (2022). Unified Theory of Gravity |,

Electromagnetic Force , Strong and Weak Forces
and their Applications : Theoretical Explanation for
Dark Matter. Journal of Physical Chemistri &
Biophysics, 12(1000335), 1-12.
https://doi.org/10.35248/2161-
0398.22.12.335.Citation

Rengganis, H., & Seizarwati, W. (2015). Strategi Dan
Upaya Pemanfaatan Sumber Air Umbulan Untuk
Penyediaan Air Bersih Di Provinsi Jawa Timur.
Jurnal Teknik Hidraulik, 82, 63-76. Retrieved from
https:/ /jurnalth.pusair-
pu.go.id/index.php/JTH/article/ view /513

Sanjaya, E., Nafian, M., Hasnan, M., Suwondo, & Shafa,
D. (2023). The Identification of the Existence of a
Fault Structure on Gravity and Audio
Magnetotulleric Data in the Area of Mount Kubing,
Belitung. Jurnal Penelitian Fisika Dan Aplikasinya,
13(01), 81-94.
https:/ /doi.org/10.26740/jpfa.v13n1.p81-94

Santosa, S., & Suarti, T. (1992). Peta Geologi Segi Empat
Malang, Jawa. Bandung : Pusat Penelitian dan
Pengembangan Geologi

Sota, I. (2011). Pendugaan Struktur Patahan Dengan
Metode Gaya Berat. Positron, 1(1), 25-30.
https:/ /doi.org/10.26418/ positron.v1il.1565

Sottili, G., Palladino, D. M., Gaeta, M., & Masotta, M.
(2012). Origins and energetics of maar volcanoes:
Examples from the ultrapotassic Sabatini Volcanic

October 2023, Volume 9 Issue 10, 8462-8466

District (Roman Province, Central Italy). Bulletin of
Volcanology, 74(1), 163-186.
https:/ /doi.org/10.1007 /s00445-011-0506-8

Tatas, T., M, M. A., Aziz, S. K., & Widodo, A. (2014).
Identifikasi Awal Model Akuifer pada Mata Air

Umbulan dengan Menggunakan Geolistrik
Konfigurasi Schlumberger. Jurnal Aplikasi Teknik
Sipil, 12(1), 35.

https:/ /doi.org/10.12962/j12345678.v12i1.2587

Toulier, A., Baud, B., de Montety, V., Lachassagne, P.,
Leonardi, V., Pistre, S., Dautria, J. M., Hendrayana,
H., Miftakhul Fajar, M. H., Satrya Muhammad, A.,
Beon, O., & Jourde, H. (2019). Multidisciplinary
study with quantitative analysis of isotopic data for
the assessment of recharge and functioning of
volcanic aquifers: Case of Bromo-Tengger volcano,
Indonesia. Journal of Hydrology: Regional Studies, 26,
100634. https:/ /doi.org/10.1016/j.ejrh.2019.100634

van Bemmelen, R. W. (1949). Economic Geoloy. In The
Geology of Indonesia: Vol. IIE.

Wei, X., Gong, H., & Song, L. (2023). Product diffusion
in dynamic online social networks: A multi-agent
simulation based on gravity theory. Expert Systems
with Applications, 213, 119008.
https:/ /doi.org/10.1016/j.eswa.2022.119008

Yanis, M., Marwan, Idroes, R., Zaini, N., Paembonan, A.
Y., Ananda, R, & Ghani, A. A. (2022). A pilot survey
for mapping the fault structure around the
Geuredong volcano by using high-resolution global
gravity. Acta  Geophysica, 70(5), 2057-2075.
https:/ /doi.org/10.1007 /s11600-022-00860-1

Yulistina, S. (2017). Studi Identifikasi Struktur Geologi
Bawah Permukaan Untuk Mengetahui Sistem Sesar
Berdasarkan Analisis Forst Horizontal Derivative
(FHD), Second Vertical Derivative (SVD), dan 2.5D
Forward Modelling di Daerah Manokwari, Papua Barat.
Universitas Lampung.

Yusvinda, M. N., Puspitasari, S. W., Wafi, N. M. P., Aziz,
K. N., Darmawan, D., Katriani, L., Handayani, N.
T., & Wibowo, N. B. (2021). Structure Interpretation
Using Gravity Spectral Analysis and Derivative
Method in Grindulu Fault, Pacitan, East Java.
Proceedings of the 7th International Conference on
Research,  Implementation, and  Education  of
Mathematics and Sciences (ICRIEMS 2020), 528, 415-
420. https:/ /doi.org/10.2991/assehr.k.210305.060

8466



