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ABSTRACT 

The Mamuju area of West Sulawesi Province is composed of Adang volcanic rock that is a product of the 

process of volcanism in a volcanic complex with an eruption center and several lava domes. The geology of the 

study area is composed of eleven rock units, namely Adang breccia, Adang lava, lava dome, volcanic 

conglomerate, Ampalas breccia, Malunda breccia, Boteng lava, Tapalang breccia, limestone, reef limestone, and 

alluvium. The mineralization of uranium, thorium, and rare earth elements formed in Adang lava thorianite veins. 

Adang lava is intruded by a dioritoid found in the Mamuju river upstream. The gravity modeling technique has 

produced two 2-D subsurface models based on gravity data on 2-D cross-sections of the residual gravity map. It is 

known that the rock density range from 2.10 to 2.85 g/cm
3
 in the study area. Based on the interpretation of two 2-

D subsurface models, a batholith, a giant-sized intrusive rock, is found in the southeastern part of the study area 

with a rock density of about 2.85 g/cm
3
 and is interpreted to be dioritoids. Furthermore, deep intrusion rocks also 

occur in the center part of the study area with a rock density of 2.8 g/cm
3
. It is estimated to be the same as the rock 

in the southeastern part of the study area. Dioritoid intrudes a volcanic breccia sedimentary rock with a density of 

about 2.1 g/cm
3
. 
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INTRODUCTION  

Mamuju, located in the West Sulawesi 

Province, is an area with high background 

environmental radiation dose rate [1]. 

Previous research activities related to geology 

and geophysics have been carried out. The 

studies include the identification of the 

tectonic setting of the Adang volcanic 

complex [3], volcano-stratigraphic 

interpretation of the Mamuju area based on 

Landsat-8 imagery [4], determination of 

residual gravity anomalies [5], identification 

of geological structure patterns based on 

Landsat-8 imagery [6], and determination of 

resistivity-conductivity patterns of rocks 

containing radioactive minerals in Botteng–

Takandeang area, Mamuju [7]. 

Geologically, the Mamuju area is the 

remnant of continental crust that had 

separated from Kalimantan, then merged with 

other crusts, and eventually became the 

present-day Sulawesi. Paleomagnetic 

reconstructions [8] show that Sulawesi (the 

Sunda continent, including the Mamuju 
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region) separated east from Kalimantan 

during the Cretaceous age. Several 

researchers have completed the concept and 

data that this crust is experiencing 

convergence and volcanism. Some of the 

results can be seen in Sulawesi, especially in 

the Mamuju area. Adang volcanic rock is the 

product of the volcanism process of a 

volcanic complex where it has an eruption 

center and several lava domes. In detail, they 

group into seven volcanic complexes. Adang 

Complex is one of the volcanic complexes 

whose morphological formation can still be 

identified well [3].  

Uranium, thorium, and rare earth 

elements mineralizations were formed in 

thorianite and thorite ore veins [9]. These 

veins found in the Adang volcanic rock 

intruded by the deep intrusion rocks are the 

product of a hydrothermal process [10]. The 

purpose of this study is to obtain a subsurface 

geological model. This model shows rock 

density variations through modeling 

techniques to support the geological concept 

and produce a hypothesis. 

 

METHODOLOGY 

The use of the gravity method to 

determine subsurface geological models, 

especially in Sulawesi Island, has been 

published in several papers, such as the 

gravity method to model the Palu-Koro fault 

[11],[12], research on geothermal areas 

[13],[14], and identification of faults in 

Sulawesi [15]. In several countries, gravity 

measurements have been applied to the 

development exploration for Sn-W-Mo 

primary tin deposit in granitic batholith in 

Erzgebirge Central Europe [16], polymetallic 

Sn-Cu primary tin deposit in Gejiu granite, 

Southwest China [17], and primary tin 

deposit in Malaysian Bongsu granite [18]. For 

gold and platinum deposits, gravity 

measurements have been applied to Madibe 

Kraaipan granite [19], while to determine the 

vertical extension of S-type granite, gravity 

measurements have been applied to Moroccan 

Hercynian granite [20] and South China 

Santangan Yuanbaoshan granite [21].  

The methodology used in this gravity 

interpretation study consists of preparing 

residual gravity anomaly data, modeling 

subsurface rock density distribution, and 

analyzing the gravity anomaly modeling 

results. The residual gravity anomaly map is 

the final data obtained through gravity data 

processing of the gravity data from survey 

results in the field. This data is the basis for 

doing gravity modeling. The modeling of 

gravity data is the modeling technique of rock 

density distribution below the earth's surface 

that causes the effect of the residual gravity 

anomaly measured on the surface. In the 

modeling technique, there is a process of 

comparing the calculated gravity data curve 

(g-calculated) and the observed gravity data 

curve (g-observed). This study uses two 

modeling methods: forward and inverse 

modeling. Interpretation of subsurface 

variation density models is an explanation or 

synthesis based on the modeling results and 

existing geological data. 

Modeling data is obtained by making a 

cross-section of the residual gravity anomaly 

map from gravity measurements in the 

Mamuju area in 2017 [5] overlaid with a 

geological map of the Mamuju area [3] 

(Figure 1). Two 2D sections intersect the 

residual gravity anomaly maps: A-A' and B-

B' (Figure 1). Analysis of residual gravity 

data using the inverse modeling techniques at 

the initial stage, then continued with the 

forward modeling techniques. The basis of 

the modeling is a residual gravity anomaly 

map showing the effects of near-surface 

anomalies that relate to geological maps, 
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where geological outcrops are compared with 

anomalies caused by rock formations near 

and below the surface. 

 

 
Figure 1. The residual gravity anomaly map overlaid on the geological map of the study area with five anomalous 

area clusters A, B, C, D, and E (modified from [3],[5]) 

 

The data used for modeling was collected 

in the area of volcanic rocks that experienced 

intrusion. Most crustal rock has a density 

between 2.0 and 2.9 g/cm
3
. This study 

adopted 2.67 g/cm3 [22] as the density 

standard in the upper crust. Theoretically, in 

the gravity modeling method density chosen 

as the background reference is 2.67 g/cm
3
, 

where the density variation changes causing 

the gravity anomaly of approximately ± 0.3 

g/cm
3
. However, for the equilibrium with 

field conditions, this gravity modeling 

selected a reference density of 2.4 g/cm
3
 

because the average surface rock density 

measured from surface rock samples 

representing the study area was 2.4 g/cm
3
. 

Then, for the density value of rocks that are 

far deeper, it is estimated that the density 

value is greater than that of rocks near the 

surface. 

 

RESULT AND DISCUSSION  

The residual gravity map shows the 

presence of five clusters of anomalous areas, 

namely A, B, C, D, and E (Figure 1). Based 

on the geological map of the Mamuju area 

(Figure 1) [3], the study area is composed of 

11 rock units, namely Adang breccia, Adang 

lava, lava dome, volcanic conglomerate, 

Ampalas breccia, Malunda breccia, Botteng 

lava, Tapalang breccia, limestone, reef 

limestone, and alluvium. In general, the 

cross-sectional path of the gravity map had 

dominated by volcanic rocks consisting of 

volcanic breccias and lava called volcanic 

sedimentary rocks in this paper. The 2-D 

gravity modeling carried out in 2-D sections 

data consisted of 2 cross-sections of gravity 

anomaly map, namely sections A-A' and B-

B', as shown in Figure 2. 

Section A-A' has a direction from 

northwest to southeast that passes through 

cluster area A, which is on the southeast side 

of the section, as shown in Figure 3. The 

trajectory of A-A', which has 15 km in length, 

shows a curve of gravity anomaly distribution 

from direction A to A'. The position X=0 to 

X=8 km shows the variation of gravity 
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anomaly from -10 to 10 mGal. Three positive 

gravity anomalies consist of 10, 1, and 5 

mGal, at the X-axis 1, 4, and 7 km, 

respectively. Lava with orange and pink color 

has a density range of 2.7–2.8 gram/cm
3
 

showing the possible response of those three 

anomalies. Then after the position of the X-

axis at 8 km, the positive anomaly enlarges 

by more than 30 mGal until X-axis at 13 km, 

then it decreases towards the negative 

anomaly. In this 5 km anomalous range, there 

is the possibility of a maximum thickening of 

volcanic breccia rock with a density of 2.1 

g/cm
3
 (light green color) that is then intruded 

by the giant intrusion rock with a density of 

2.85 g/cm
3
. This intrusion rock is possibly a 

batholith body then thought to have 

influenced the emergence of anomalous 

clusters A and B that are still one unit (Figure 

1). 

 

 
Figure 2. Map of residual gravity anomaly with reference density (a) 2.67 g/cm

3
 and (b) 2.4 g/cm

3
 (A-A' and B-B' 

are cross-sections for modeling) 

 

Section B-B' (Figure 3) has a relative 

direction from north to south and shows the 

distribution of the gravity anomaly curve 

along the 13 km track. The trend along the 

trajectory B-B' shows an increase in the 

gravity anomaly from North to South. The 

gravity undulation value is visible from -2 to 

10 mGal along 7 km and changes to a 

maximum of 30 mGal along the 3 km track. 

Negative anomalies reflect volcanic breccia 

rocks with a density of 2.1 g/cm
3
 (green 

color) distributed along with a distance from 

11 to 13 km. Positive anomalies reflect the 

presence of lava with a density of 2.1–2.8 

g/cm
3
 (red color) distributed along a distance 

from 0 to 7 km. In the range distance from 8 

to 11 km, there is a significant increase in the 

value of the gravity anomaly by 30 mGal and 

possibly reflects a giant intrusion rock with a 

density of 2.85 g/cm
3
. 

Most of the cross-section of the gravity 

model crosses volcanic breccia rocks, mainly 

in the form of Adang breccia, with a density 

of about 2.1 g/cm
3
. In the southeastern part of 

the study area, there is a density value of 

about 2.85 g/cm
3
. An outcrop around the 

Mamuju River upstream is the location of 

many mineralizations for uranium, thorium, 

and rare earth elements. It is the source of a 

high anomaly in the gravity map estimated to 

be a deep intrusion rock, namely a dioritoid 

[23]. In the geological map (Figure 1), 

dioritoid is considered lava that appears 

highest anomaly response in the Mamuju 

gravity map. In addition, in the center of the 

study area, there is also a deep intrusion rock 

indicated by a relatively high gravity anomaly 
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with a rock density of about 2.8 g/cm
3
. It is 

possibly related to the dioritoid found in the 

Mamuju River upstream area. Regionally, the 

deep intrusion rock in the Mamuju Area 

possibly correlated with a deep intrusion rock 

found in the western part of Sulawesi Island. 

The volcanic and plutonic rocks in the west 

part of Sulawesi Island formed at the 

relatively same age in the Paleogene-Quarter 

[24],[25]. 

 

 
Figure 3. Section A-A' and Section B-B' with curves consisting of topo data (pink), magnetic data (light blue), 

observed gravity data (black), and calculated gravity data (dark blue) 

 

CONCLUSION 

The gravity modeling technique 

produced two 2-D subsurface section models 

in Mamuju volcanic area. The average surface 

rock density measured in the surface rock 

samples representing the study area is 2.4 

g/cm
3
, the reference density in the modeling. 

The rock density value from the gravity 

modeling in the Mamuju Area ranges from 

2.10 to 2.85 g/cm
3
. The cross-sections A-A' 

and B-B' show the presence of batholith in the 

southeastern part of the study area with a 

density of about 2.85 g/cm
3
. It is estimated to 

be dioritoid intrudes volcanic breccia with a 

rock density of about 2.1 g/cm
3
, which is 

suspected to be Adang breccia. Dioritoid, also 

found in the central part of the study area, has 

a rock density of about 2.8 g/cm
3
 and is 

possibly correlated with the same batholith.  
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