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Granite intrusion, potential and needs to be investigated further, especially on geological
Napu formation, conditions that affect the presence of geothermal energy. The research
stratigraphy method used is the method of analyzing the results of field observations.

From the observations, it can be concluded that the geomorphology of the
research area is divided into Tongoa hills, Nokilalaki Granite Intrusions,
Kamamora Hills, and Kadidia Alluvial Plains. The stratigraphy of the study
area from old to young consists of Breccia, Sandstone, Granite Intrusion A,
Granite Intrusion B, Granite Intrusion C, and Alluvial Plain. The geological
structure of the study area consists of the Kamamora sinistral shear fault and
the Kadidia dextral shear fault. The geological history of the study area
begins in the early Miocene which is the beginning of the movement of the
Palu - Koro fault.

1. Introduction

The need for alternative energy other than fossil energy is felt to be increasingly urgent for the
fulfillment of domestic electrical energy [1]. In meeting the demand for electricity, the government
needs to investigate alternative geothermal energy, to find out the potential for geothermal energy to
provide electricity [2]. The realization of this policy is that the government conducts an integrated
geothermal investigation to find prospective geothermal areas that can be developed as electric
power[2]. Nokilalaki District, Sigi Regency, Central Sulawesi Province is one area that has geothermal
potential in Indonesia. The Kadidia geothermal area, Sigi Regency, Central Sulawesi Province is one of
the volcanic geothermal fields that have good potential and needs further investigation [3]-[5]. The
presence of geothermal energy is certainly influenced by geological conditions such as geomorphology,
stratigraphy, and developing geological structures [6]-[8]. This study aims to determine the geological
conditions of the environment so as to obtain an overview of the ongoing process and predict future
conditions so that the best actions can be taken so as not to cause negative impacts.

2. Methodology

This research begins with a literature review or study by observing reading from sources such as books,
e-books, and journals written by several experts. Then field observations were made to obtain actual
information in the field. Next, analyze the observations using geomorphological analysis, petrographic
analysis, age analysis, geological structure analysis, and spectral analysis.
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Figure 1. The field figure of typical Tongoa hills (left), the field figure of typical Nokilalaki intrusion unit
(right)

3. Results

3.1. Geomorphology of the research area

The research area is divided into 4 geomorphological units [9], namely the Tongoa Hills Unit, the
Nokilalaki Intrusion Unit, the Kamarora Hills Unit, and the Kadidia Alluvial Plain Unit.

3.1.1 Tongoa Hills Unit

This unit covers 25% of the research area (figure 1 left). On the geomorphological map, this unit is
marked by a light blue color in the northeast - east of the map. Characterized by the morphological
appearance of steep slopes with very tight contours, located at an elevation of 1125 — 800 meters above
sea level. This unit has a trellis flow pattern. The geomorphic stage is characterized by a "V" river shape
and cliffs that characterize a young river, then undergo vertical and lateral erosion, the bend of the river
is still determined by lithological resistance and the morphological boundary of the two mountains. The
exogenous process is in the form of periodic erosion so that it makes the formation as it is now. Lithology
is composed of igneous and sedimentary rocks.

3.1.2 Nokilalaki Granite Intrusion Unit

This unit covers 10% of the study area (figure 1 right). On the geomorphological map, this unit is marked
in red in the south-eastern part of the map sea. It is characterized by the appearance of steep hills with
dense contours, located at an elevation of 1425 — 750 meters above sea level. This unit has a trellis flow
pattern. The geomorphic stage is characterized by a "V" river shape which characterizes as a young
river, then experiences vertical and lateral erosion, the bend of the river is still determined by lithological
resistance and the morphological boundary of the two mountains. The exogenous process is in the form
of periodic erosion so that it makes the formation as it is now. Lithology is composed of igneous rock.

3.1.3 Kamarora hills unit

This unit covers 25% of the research area (figure 2 left). On the geomorphological map, this unit is
marked in dark blue in the southern part. It is characterized by the appearance of steep hills with dense
contours, at an elevation of 1175 — 700 meters above sea level. This unit has a trellis flow pattern. The
geomorphic stage is characterized by a "V" river shape which characterizes as a young river, then
experiences vertical and lateral erosion, the bend of the river is still determined by lithological resistance
and the morphological boundary of the two mountains. The exogenous process is in the form of periodic
erosion so that it makes the formation as it is now. Lithology is composed of igneous and sedimentary
rocks.
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Figure 2. The figure of the morphologic unit of Kumamora Hills (left), The figure of the morphologic unit of
the Kadidian Alluvial Plain

3.1.4 Kadidia Alluvial Plain Unit

This unit covers 40% of the research area (figure 2 right). On the geomorphological map, this unit is
marked in Gray in the center and north. Characterized by the appearance of plains with very loose
contours from the middle to the north, very gentle slopes with very loose contours, located at an
elevation of 675 — 575 meters above sea level. This unit has a trellis flow pattern. The geomorphic stage
is characterized by the shape of the river "U" which is characterized as an adult river, then experiences
vertical and lateral erosion, the bend of the river is still determined by lithological resistance and the
morphological boundary of the two mountains. The exogenous process is in the form of periodic erosion
so that it makes the formation as it is now. Lithology is composed of Alluvial Units.

3.2. Stratigraphy of the research area

Based on the geological cross-section, the stratigraphic sequence of the Kadidia area and its
surroundings is sorted from oldest to youngest (see figure 5). The Breccia unit (see figure 3 left), this
unit occupies + 14% of the research area. petrographic analysis to see the appearance of the breccia
fragments obtained characteristics including thin slices of plutonic igneous rock, light grey in color,
inequigranular, phaneritic, crystal size 0.01 — 2 mm euhedral - subhedral shape. Crystals in the form of,
quartz, biotite, muscovite, hornblende. Mineral composition: 40% quartz, 25% biotite, 10% feldspar,
10% albite, 10% chlorite, 5% opaque minerals. In the classification of [10], [11] these rocks are included
in the greywacke.

The sandstone unit (see figure 3 right), this unit occupies + 26% of the research area. Then a petrographic
analysis was carried out to see the appearance of the sandstone, the characteristics include thin slices of
sandstone, blackish grey in color, crystal size 0.01 — 2 mm euhedral - subhedral shape. Crystals in the
form of quartz, plagioclase, chlorite, opaque minerals. Mineral composition: 45% quartz, 30%
plagioclase, 20% chlorite, 5% opaque minerals. In the classification of [7], [8] the rock is included in
the Greywacke.

(ri ght)
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Figure 4. The appearance of the Granite intrusion (left), the appearance of the Granite intrusion B (middle),
The appearance of the Granite intrusion C (right)

Granite intrusion A (see figure 4 left), this unit occupies + 6% of the research area. Then a petrographic
analysis was carried out to see the appearance of the granite, the characteristics included: thin slices of
plutonic igneous rock, light grey in color, inequigranular, phaneritic, crystal size 0.01 — 2 mm euhedral
- subhedral shape. Crystals in the form of, quartz, biotite, muscovite, hornblende. Mineral composition:
50% quartz, 25% biotite, 10% feldspar, 10% albite, 5% opaque minerals. In [12] classification, these
rocks belong to the Granitoids.

Granite intrusion unit B (see figure 4 middle), this unit occupies + 4% of the research area. Then a
petrographic analysis was carried out to see the appearance of the granite (Appendix F). The
characteristics include thin slices of plutonic igneous rock, light grey in color, inequigranular, phaneritic,
crystal size 0.01 — 2 mm euhedral - subhedral shape. Crystals in the form of, quartz, biotite, muscovite,
hornblende. Mineral composition: 40% quartz, 25% biotite, 10% feldspar, 10% albite, 10% chlorite, 5%
opaque minerals. The granite in the study area and its surroundings is megascopic characterized by grey
lithology. In [12] classification, these rocks belong to the Granitoids.
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Descriptions

Rock Unit
Stratigrapy
Colomn
Surface
Expression

Relative

Formation

Kadidia Alluvial Unit

- Sand, clay, and gravel

Tongoa Granite Breccia Unit

- Tongoa Granite Brecciz light brown color, lump to
gravel size, moderately angled, non-carbonate, poorly
sorted, open packed. Gramte fragments (quartz,
muscovite, amphibole, hornblende), quartz sandstone
matrix, silica cement.

Depositional Environment

intrusi

Kadidia
Alluvial Umt

‘ Kamarora Granite Intrusion Unit
‘ ‘ m is composed of predominantly Nokilalaki granite

‘ ons and inserts with a thickness of > 100 m.

‘ ‘ - Gramite: light grey with black specks. medium to coarse
‘ ‘Emmed. consisting of (70% quartz, muscovite, hornblende

‘ iotite), euhedral-subhedral, inequigramular, massive,
‘ compact.

‘ Nokilalai Granite Intrusion Unit

This unit is composed of predominantly Nokilalaki granite

intrusions and inserts with a thickness of > 100 m.

Granite: light grey with black specks, medium to coarse

grained, consisting of (70% quartz, muscovite, hornblends

biotite), evhedral-subhedral, inequigranular, massive,

ompact.

‘'ongoa Granite Intrusion Unit

{This unit is composed of predominantly Nokilalaki granite

intrusions and inserts with a thickness of = 100 m.

Granite: light grey with black specks, medium to coarse

erained, consisting of (70% quartz, muscovite, homblende

biotite), evhedral-subhedral. inequigranular, massive,

compact.

Kamarora Sandstone Unit

This unit is composed of sandstone with a thickness > 100

Land

Pleistocene
Quarter
Breccia Unit

Tongoa Granite

Pliocene
Tertiary
Granite Intrusion Unit

Kamarora, Tongoa, Nokilalaki

Outer Neritic

Napu Formation (IQpn) Kambune Gramite Formation (Tpkg) Lake Deposits (QI)

Kamarora

Sandstone Unit

m.
- Sandstone: light grey to blackish, fine grained to coarse
sand, circular in shape, packed closed, consisting of (lithic
detritus composed of andesite, granite). massive, compact.

Figure 5. The simplified stratigraphy of the study area
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Figure 6 The earthquake event distribution [13] (left), the fault fracture distribution of the study area (middle),
the rose diagram of the detected fault and fractures (right)

Granite intrusion unit C (see figure 4 right), this unit occupies £ 9% of the research area. Then a
petrographic analysis was carried out to see the appearance of the granite, the characteristics included:
thin slices of plutonic igneous rock, light grey in color, inequigranular, phaneritic, crystal size 0.01 —2
mm euhedral - subhedral shape. Crystals in the form of, quartz, biotite, muscovite, hornblende. Mineral
composition: quartz 35%, biotite 25%, feldspar 15%, albite 15%, opaque minerals 10%. In [12]
classification (1978), the rock belongs to the Granite Adamellite [2].

Alluvial unit (see figure 2 right), the alluvial plains in the study area and its surroundings are megascopic
characterized by whitish to brownish ash color, medium — lumpy sand grain size, round — angular grain
shape. The distribution of this unit occupies = 41% of the study area, this alluvial plain unit is located
in the northern part which is marked by a grey color on the map covering the Kadidia area. The thickness
of this rock unit is >135 m.

3.3. Geological structure of the study area

Analysis of the geological structure in the research area is carried out using an indirect and direct
approach (see figure 6). Based on the indirect approach using GDEM2ASTER imagery [14], it is seen
that there is a straightness pattern, namely the straightness that is oriented relatively NW-SE in the N
315° E direction. Meanwhile, for direct observations made in the field, it is found that the structure in
the study area cannot be measured for shear fracture or tensional. fracture because the outcrop was not
found, then most of the rock was weathered, covered in vegetation, and had difficult access.

3.3.1. Kamora sinistral shear fault

This fault is in the Kamarora river, where the river has a trellis river flow pattern as an indication of
structural traces (Figure 7). Based on field observations, no shear fracture or tensional fracture data were
found, because many outcrops are weathered, covered with vegetation, and difficult to access. In the
field, a morphological pattern was found that indicated the appearance of the fault, which was in the
form of a steep cliff.

Figure 7. The field appearance of the Kamora s1nlstra1 shear fault (left), the field appearance of the Kadidia
dextral shear fault (right)
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3.3.2. Kadidia dextral shear fault

This fault is in the Kadidia River. This river has a trellis river flow pattern as an indication of structural
traces. Based on field observations, no data on shear fractures or tensional fractures were found, because
many outcrops are weathered, covered with vegetation, and difficult to access.

3.4. The geological history of the study area

The following is a description of the geological processes that take place in the research area. At the age
of 145 — 72.1 million years ago (Cretaceous), there was the deposition of Latimojong formation
sediments as basement rocks in the study area, with the depositional environment estimated as the
shallow sea to land, the source of sediment supply comes from Latimojong volcano [15]

At the age of 23.03 million years, ago (early Miocene) was the beginning of the movement of the Palu-
Koro fault as a result of the subduction movement between Sundaland and the Australian Microplate
and the fault remains active until now [16]. This fault also causes metamorphism in the rocks of the
Latimojong formation [17].

At the age of 5.46 - 3.21 million years ago (early Pliocene) the formation of granitic magma as an
intrusion, in the literature it is known as a mylonitic granitoid medium [15]. In the research area, it is
exposed as the Tongoa Granite Intrusion Unit.

At the age of 3.07 — 1.76 million years ago (late Pliocene) there was the formation of granitic magma as
an intrusion, in the literature it is known as fine granitoid with poor biotite [15]. In the research area
exposed as the Kamarora Granite Intrusion unit.

At the age of 3.6 — 2.58 million years ago (Pliocene — Pleistocene Boundary) there was the formation of
granitic magma as an intrusion, in the literature known as fine granitoid with poor biotite [7], the
reappearance of this granitic intrusion was due to faults. Palu — Koro is still active, so the flow of granite
magma is controlled following the pattern of the Palu — Koro fault as a magma movement gap. In the
research area, it is exposed as the Nokilalaki Granite Intrusion Unit. The activation of the Palu — Koro
fault until now has caused the formation of horsts and grabens [18], [19], but in the study area, it is a
graben. The graben pattern in the study area is revealed as an expected fault pattern.

4. Conclusion

Based on the results of research in Kadidia Village and its surroundings, several conclusions can be
drawn, the geomorphology of the research area is divided into 4 units, namely: Tongoa Hills, Nokilalaki
Granite Intrusion, Kamarora Hills, and Kadidia Alluvial Plain. The stratigraphy of the study area
consists of six rock units in order from oldest to youngest, namely: Breccia, Sandstone, Granite Intrusion
A, Granite Intrusion B, Granite Intrusion C, and Alluvial Plain. The geological structure of the pinnacle
area is in the form of the sinistral Kamarora shear fault and the Kadidia dextral shear fault. The
geological history of the study area begins with the early Miocene, which is the beginning of the
movement of the Palu - Koro fault which is still active today. In the late Miocene, breccia units were
exposed as products with gravel to boulders and very fine to coarse sandstone units. Formation of
granitic magma as an intrusion, in the study area, exposed as granite intrusion unit A. In the late Pliocene,
the formation of granitic intrusion unit B, and at the age of 3.6 — 2.58 million years ago (Pliocene —
Pleistocene Boundary) is the reappearance of this unit. granite C intrusion due to the influence of the
Palu — Koro fault which is still active so that the flow of magma-granite is controlled following the
pattern of the Palu — Koro fault as a magma movement gap. Then the unit above it is deposited alluvial
unit as a product of weathering.
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