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Abstract 
Carbonate rocks are rocks composed of carbonate minerals that are chemically 

formed in the form of solutions, and there are organisms involved in their formation. 
The limestone found around Lake Limboto is very interesting, because the water in 
the lake is freshwater while the limestone is characteristic of a marine environment. 
Diagenesis is a natural process in sedimentary rocks that occurs from the initial 
deposition until it reaches the limit of metamorphism will be formed. The research 
area is located in Padengo Village, West Limboto Subdistrict, Gorontalo Regency 
with a research area of 7.72 Km2. This research aims to analyze the diagenesis of 
limestone in the Padengo area of Gorontalo Regency using the petrographic 
method. The methods used are field geological survey and petrographic analysis. 
The results showed that the geology of the Padengo area is composed of a 
wackestone limestone facies unit, a crystalline limestone facies unit, and an alluvial 
sediment unit. The diagenesis type of the study area consists of neomorphism, 
micritization, dissolution, cementation, and dolomitization. From the type of 
diagenesis, it can be determined that the limestone diagenesis environment of the 
study area starts from the marine phreatic zone, then the burial zone, and ends at 
the meteoric vadose zone. 
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1. Introduction 

Limestone or carbonate rock is a rock composed 
of carbonate minerals that are chemically formed in 
solution form, and there are organisms involved in its 
formation. Limestone is formed either through the 
deposition of mechanisms or carbonated chemical 
processes derived from marine animals that will form 
reefs through the process of diagenesis (Maryanto, 
2017). 

Limestone in Gorontalo alone covers about 
14,073 ha in Limboto and surrounding areas 
(Kusdarto, 2006). The limestone around Lake 
Limboto is very interesting, as the water in the lake is 
freshwater while the limestone is characteristic of a 
marine environment (Permana et al., 2021a). The 
research area based on the geological map by Bachri 
et al, (1993) is included in the Clastic Limestone 
formation (TQl) which consists of carbonate rocks 
such as calcarenite, calcirudite, and coral limestone. 
Meanwhile, referring to the latest research conducted 
by Permana et al (2021b), the research area is part 
of the Late Miocene-Early Miocene Limboto 
Limestone Formation (TLL). 

Diagenesis is a natural process in sedimentary 
rocks that occurs from its initial deposition until it 

 
 

reaches the limit of metamorphism will be formed 
(Ehlers, 1980). Micritization, dissolution, compaction, 
cementation, dolomitization, and recrystallization are 
diagenesis processes that occur in carbonate rocks 
controlled by complex factors, namely primary 
mineralogy, texture, porosity, and permeability, 
structure, and chemistry (Permana, 2019). The state 
of limestone, which is very easy to change with 
geological conditions, can certainly provide good 
information about geological history (Scholle, 1978; 
Kendall, 2005). 

Studies on carbonate rocks are still lacking, even 
though in their development carbonate rocks or 
limestone have an important role in human life. For 
example, in the world petroleum industry, carbonate 
rocks as petroleum reservoirs, where 40% of 
petroleum in the world comes from carbonate rocks 
(Koesoemadinata, 1980). The existence of carbonate 
rock studies, especially regarding diagenesis or 
microfacies processes that can determine the 
deposition environment, is certainly very necessary. 
Based on the background that has been explained, 
the purpose of this research is to analyze the 
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diagenesis of limestone in the Padengo Area, 
Gorontalo Regency based on Petrographic Method. 

2. Research Location 

This research location is administratively located 

in Padengo Village, West Limboto Subdistrict, 

Gorontalo Regency, Gorontalo Province, and 

geographically located between 00º 40' 13.4" - 00º 

38' 42,4" North latitude and 122º 53' 30.2'' - 122º 54' 

59.6" East longitude with an area of 7.72 Km2 (Figure 

1). 
 

 
Fig 1. Location map of Padengo District, Gorontalo 

Regency 

3. Research Methods 

The research methods used are field geological 
survey, laboratory research, and studio processing. 
The field observation method is a method that 
focuses on observing the geological conditions in the 
research area. Then the data obtained were 
analyzed using laboratory research methods in the 
form of petrographic analysis with thin sections 
(Tetley and Daczko, 2013; Serge and Senthilkumar, 
2017; Ofulume et al., 2018; Payuyu et al., 2022). 

Petrographic analysis of the limestone under a 
microscope to determine the number and type of 
limestone particles used to name the rock. The 
classification of the limestone uses the classification 
according to Dunham (1962) and Embry and Klovan 
(1971). In addition, petrographic analysis was used 
to analyze the type of porosity of the limestone to 
determine the type of diagenesis. This type of 
diagenesis can determine the limestone diagenesis 
environment (Permana, 2019; Permana et al., 2022). 

4. Results and Discussion 

4.1 Stratigraphy 

The arrangement of stratigraphic units in the study 
area refers to the classification of unofficial naming 

 
systems based on the similarity of lithological 
features found in the study area and also the results 
of the petrographic analysis in the laboratory. The 
stratigraphy in the study area is sorted from the oldest 
unit to the youngest unit, namely wackestone 
limestone facies, crystalline limestone facies, and 
alluvial units. 

 

 
Fig 2. Limestone Facies Map of Padengo District, 

Gorontalo Regency 

Wackstone Limestone Facies 
These facies is the oldest unit in the study area. 

Megascopically, this facies is white-yellowish in color, 
with shell fragments embedded in the matrix, 
moderate sorting, good porosity, compact, and 
predominantly mud-supported texture (Figure 3). 

 

 
Fig 3. Outcrop and hand specimen of wackestone 

limestone facies at outcrop FB-3.4 

Microscopic observation of several samples (FB- 
1.4; FB-2.4; FB-3.2; and FB-3.4) taken from this unit 
shows pale yellow-brownish carbonate rock incision, 
with particle size <0.1 - 2.0 mm, mud-supported 
texture, open container with the abundance of 
porosity 5 - 15% consisting of vuggy, intraparticle, 
and interparticle porosity. Based on its composition, 
the rock is composed of skeletal grain in the form of 
foraminifera, algae, and coral fragments, non- 
skeletal grain in the form of extraclasts, peloids (FB- 
3.2), and non-carbonate grain in the form of volcanic 
lithics (FB-3.4), with a matrix of micrites. In addition, 
there is carbonate cement in the form of calcite with 
blocky and meniscus structures. 

Crystalline Limestone Facies 
These facies is the oldest unit in the study area. 

Megascopically, this facies is yellowish on the 
outside and white on the inside, carbonate in 
composition, compact, with a crystalline texture and 
has a layered structure (Figure 4). 
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Fig 4. Outcrop and hand specimen of crystalline 

limestone facies at outcrop FB-1.1 

Microscopic observation, in this unit, is shown in 
sample FB-1.1 with a pale yellow appearance, with a 
particle size <0.1 - 0.2 mm, rock texture cannot be 
observed because it has undergone very intensive 
crystallization. There is porosity with an abundance 
of 10%, which consists of vuggy and intercrystalline 
porosity. Based on its composition, the rock is 
composed of carbonate cement dominated by calcite 
and minor dolomite. 

Alluvial Deposition Unit 
This unit consists of loose fragments that are clay to 
skeletal in size. These fragments consist of limestone 
fragments and there are also igneous rocks such as 

andesite. This unit is the result of weathering of 
surrounding rocks and transportation (Figure 5). 

 

 
Fig 5. Alluvial sediment unit composed of loose clay to 

pebble-sized material 

4.2 Diagenesis Type 

The data from a petrographic analysis that has 
been conducted on 5 samples taken from the 
research site, namely FB-1.1, FB-1.4, FB-2.4, FB- 
3.2, and FB-3.4 show several records of the process 
or type of diagenesis that occurred in the limestone 
of the research area. The types of diagenesis include 
neomorphism,micritization, dissolution, cementation, 
and dolomitization (Figure 6 and Figure 7). 

 

 
Fig 6. Petrographic analysis of the thin section of sample number FB-3.4 
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1. Neomorphisms 

Fig 7. Petrographic analysis of the thin section of sample number FB-1.1 

of the replacement of micrite cement with dolomite 
The observed neomorphism process is in the 

form of replacement or change in limestone 
composition. This process occurs in all rock samples, 
where there is an inversion in the form of changing 
the composition of shells or coral fragments into 
calcite and recrystallization in the form of changing 
micrite into blocky calcite. 
2. Micritization 

The process of micritization was only observed 
in some rock samples (FB-2.4 and FB-3.2) with a 
limited amount of micrite filling in the pores of the 
coral fragments and the formation of peloids. The 
micritic cement is unevenly distributed with a small 
amount. 
3. Dissolution 

The dissolution process that occurs in 
limestone can occur in various diagenetic 
environments. As occurred in the limestone in the 
study area which took place in a vadose meteoric 
environment. This dissolution process is observed in 
all samples with the presence of porosity cavities in 
the form of holes or vuggy. The size of the porosity 
cavities encountered can be micro to large and have 
been connected to each other to form a channel pore 
cavity. 
4. Cementation 

The cementation process can be observed in all 
rock samples. This process observed in the 
limestone of the study area is the production of calcite 
cement. This cement is present as a granular binder 
and fills dissolution voids and changes the 
composition of the shell or coral. Calcite cement is 
generally bladed - equent and dominated by 
meniscus and blocky structures. 
5. Dolomitization 

The dolomitization process was only observed 
in one rock sample (FB-1.1) which is a crystalline 
limestone. The dolomitization observed is the result 

locally in the rock sample. This dolomitization has a 
rhombohedral dolomite (CaMg(CaCo3)2) structure 
and fills the pore cavities and changes the 
composition of the shell or coral. 

4.3 Diagenetic Environment 

Based on the analysis of diagenetic processes 
or products through petrographic incision analysis, it 
is possible to interpret the diagenetic environment 
through which the limestones in the study area pass. 
Referring to the model of Tucker and Wright (1990), 
the study area consists of three diagenetic 
environments which include a marine phreatic zone, 
burial zone, and meteoric vadose zone (Figure 8). 

 

 
Fig 8. Limestone diagenesis history of the Study Area 

referring to the Tucker and Wright model (1990). 

1. Marine Phreatic Zone 
This zone is a place where the presence of 

sediment all pore space is filled with seawater. In this 
zone, the diagenesis process found the presence of 
micritization and cementation in several places. This 
is certainly following the diagenesis process 
described above, where in the observed rock 
samples there is a process of micritization and 
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cementation. In addition, this zone is characterized 
by the morphology of calcite cement which tends to 
be dominated by Blocky structures. 
2. Burial Zone 

The burial zone is where the pores of the rock 
are generally filled with seawater and the pressure 
rise that causes the compaction to work. This zone is 
characterized by the presence of calcite and dolomite 
cement. As found in sample FB-1.1, the 
dolomitization process is observed where the shape 
of the cement tends to be dominated by a bladed- 
equant shape, and the structure of calcite cement is 
dominated by a blocky structure and the presence of 
rhombohedral dolomite cement. 
3. Meteoric Vadose Zone 

The meteoric vadose zone is a zone located 
below the surface and above the groundwater table, 
causing cavities in rocks to be filled by meteoric water 
and air. In this zone, the diagenesis process that 
occurs is dissolution which produces vuggy porosity. 
This zone becomes the diagenesis environment of 
limestone in the research area, of course, based on 
the observation of the sample where there is a 
dissolution process and there is quite a lot of vuggy 
porosity filled by calcite cement with a meniscus 
structure. 

From the analysis of the diagenetic 
environment identified through diagenetic processes 
or products, the stages of limestone diagenesis in the 
study area can be sequenced as follows, marine 
phreatic zone, burial zone, and meteoric vadose 
zone. 

Starting from the marine phreatic environment 
which is generally the beginning of the diagenesis 
process in limestone characterized by the presence 
of micritization results in the form of micrite 
membranes that cover the shells of organisms. 
Furthermore, the loading and filling of the Limboto 
Limestone Formation (TLL) caused the diagenesis 
environment to change to burial. This environment is 
characterized by dolomitization and equent 
cementation. 

At a later stage, tectonic activity resulted in rock 
uplift so that the diagenetic environment changed to 
meteoric vadose characterized by the presence of 
dissolution products that caused the formation of 
porosity with large vuggy cavities. This occurs 
because the rocks are in direct contact with meteoric 
water resulting in dissolution and the development of 
secondary porosity. 

5. Conclusion 

Based on the results and discussion of the 
study of limestone diagenesis analysis of Padengo 
Area, Gorontalo Regency using a petrographic 
method, it can be concluded that the research area is 
composed of wackestone limestone facies unit, 
crystalline limestone facies unit, and alluvial 
sediment unit. While the type or process of 
diagenesis found in the study area consists of 
neomorphism, micritization, dissolution, 
cementation, and dolomitization. From the type of 
diagenesis, it can be interpreted that the diagenesis 
environment of the research area starts from the 
marine phreatic zone, then the burial zone, and ends 

at the meteoric vadose zone. 
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