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ABSTRACT 
    The research location is the northern part of the Basin of Limboto Lake; the focus of the 

research is the limestone outcrop with 24 meter thickness in Yosonegoro area. The purpose of 

the study is to find out facies, standard microfacies and depositional environment on Limboto 

limestone. The research method carried out consisted of three methods namely the measured 

section, petrographic analysis and biostratigraphy analysis.  

 

    The limestone facies in the Yosonegoro area consist of two facies. Then, based on 

sedimentary structure, composition, color, precipitation texture, terrestrial origin components 

and the organism content, the two facies can divided into three different microfacies. 

Paleobathymetry shows a deepening from the middle shelf - upper slope to the upper slope - 

lower slope due to the sea level rise. Compilation of standard microfacies and 

paleobathymetry types shows changes in depositional environment from the slope 

environment to the toe of slope environment. The result of this study will be led researchers to 

propose the name of the new formation, which is the Limboto Limestone Formation 

according to specific location and characteristics from the previous formation name of the 

Clastic Limestone Formation. 
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INTRODUCTION 
    Sulawesi Island in the territory of Indonesia has a unique form that is shaped like a K letter. 

The uniqueness of the shape of the island of Sulawesi is due to the interaction of the three 

large plates namely the Eurasian plate, the Australian Indian plate and the Pacific plate 

(Hamilton, 1979; Hutchison, 1989). Physiographically, the Sulawesi Island consists of the 

south arm as South Sulawesi, the middle part, the east arm as Central Sulawesi and the neck 

as Central and West Sulawesi, then the north arm as North Sulawesi and Gorontalo, and the 

southeast arm as Southeast Sulawesi (Katili, 1978; Hamilton, 1979; Sukamto and 

Simandjuntak, 1983; Hutchison, 1989). This background makes Sulawesi has the complex 

geological condition (Map 1). 
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Map (1): The tectonic map of research area; (A) Tectonic map of the territory of Indonesia, 

(B) Tectonic map of Sulawesi island forming the letter K (Hall and Wilson, 2000). 

 

    The uniqueness also appears in the spread of limestone in the basin of Limboto Lake, 

which has a width about 35 km. Its position in the middle of surrounding volcanic rocks 

shows its own characteristic limestone. The Basin of Limboto Lake is formed by several river 

valleys including Paguat, Randangan, Dumoga Ongkang, Paguyaman and, Bone. This Basin 

is often referred as the Limboto zone, which continues to Minahasa (van Bemmelen, 1949). 

Tectonic influences are very strong, especially on the position of Quartenary reef limestones 

in the Gorontalo region. This reefal limestone undergoes a very strong uplift, proven by field 

data nearby Gorontalo and the northern coast of Daka Cape, which reaches a height of more 

than 1,000 meters (Katili, 1970). 

 

    The study of Limestone in the Basin of Limboto Lake is still regionally conducted. 

Characteristics of limestone are only divided into two formations, namely Clastic Limestone 

Formation (TQl) and Reef Limestone Formation (Ql). Clastic Limestone Formation (TQl) has 

Pliocene-Pleistocene age, and consist of calcarenite and calcirudite are usually associated with 

white coral limestones. These limestones contain fossil fragments of algae and molluscs with 

varying thickness from 100 - 200 meters. Reef Limestone Formation (Ql) is estimated has 

Holocene age, which consist of the limestone with the main composition as coral fragment 

(Bachri et al., 1997) (Diag. 1).  
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Diagram (1): Research location on Gorontalo regional geological map and Gorontalo 

regional stratigraphy (Bachri et al., 1994). 

 

    The limitations of detailed limestone geological data in Limboto basin encourage 

researchers to conduct more detailed research especially are related to facies and microfacies 

and depositional environment. This research is very interesting because it will produce new 

data and concept from Limboto Limestone. But, limited data and complex geological 

conditions will be a challenge in this study. Based on this background, there are three research 

objectives to be achieved, that is to identify the microfacies, paleobathymetry and 

depositional environment in the Yosonegoro area. 

 

MATERIALS AND METHODS 
    The location of study in the Yosonegoro area of Gorontalo Regency is the northern part of 

the Basin of Limboto Lake. The geographical position is at coordinates (00O 39 '6.7222" 

North, 122O 54' 50.0385" East) to (00O 39' 6.9397" North, 122O 54' 57.5275" East). The 

research material is limestone outcrops reaching a thickness of 24 meters. Three research 

methods were used in this study that are measured section (MS), petrographic analysis and 

biostratigraphy analysis. The MS method is measuring the detail of the sedimentary layer 

using a jacobs staff which has a 1.5 meters interval with sequential and systematic lithology 

sampling (Compton, 1985; Bukhsianidze et al., 2018). The MS method is carried out to obtain 

the stratigraphy of the study area based on the different characteristics of each facies. 

Petrographic analysis using the Euromex 1053 polarization microscope. There are three 



 

 

446 

Analysis of microfacies and depositional environment 
lithologic samples analyzed by petrography. The studied limestone sample was made with a 

thin section using the blocking method to impregnate the blue solution into the pore to 

distinguish the original pore from the rock to the pore during preparation. Petrography 

analysis was performed to determine the type of microfacies of each facies obtained 

previously from the measured section method (Dickson, 1966; Crabtree et al., 1984). Then, 

biostratigraphy analysis was done using the Olympus SZ61 binocular microscope; it is useful 

to identify the type of benthic foraminifera fossil which aims to determine paleobathymetry 

(Jones, 1994; Nichlos, 2009; Ghosh and Sarkar, 2013; Roozpeykar and Moghaddam, 2016; 

Oladimeji et al., 2017). 

 

RESULTS AND DISCUSSION 
(A) Facies and Microfacies 

    The results of measured section at the study area indicated two limestone facies that could 

be distinguished from physical characteristics in texture, structure and composition (Pl. 1, 

Diag. 2). Facies A is coralline rudstone facies (Embry and Klovan, 1971), at the thickness of 0 

- 9 meters, and has the direction of strike/dip: N 130o E/35o SW. This facies has brown color, 

grain size <0.1 - 4 mm, abundance of material with size > 2 mm as much as 26%, grain 

supported packing, and poorly sorted. Based on its composition, there is skeletal fragment in 

the form of coral fragment, then rock fragments and quartz as non-carbonate grain. The 

stacking pattern of this facies is a thinning upward and thinning to the southwest. Based on 

coarse grain size and grain supported packing, this facies interpreted as be formed by high 

energy. This pattern of facies sedimentation refers to the position of relative sea level drop 

(Catuneanu et al., 2011) is progradation. This is influenced by larger sediment supply 

compared to accommodation space.  

 

    Based on petrography analysis, this facies composed of skeletal grain (19% coral fragments, 

12% red algae, 10% skeletal altered, 4% foraminifera, 4% sponge), 2% non-skeletal grain 

(extraclast), 2% non-carbonate grains (iron oxide), 39% micrite and 8% sparit (Pl. 2A, B). 

Based on the containing of large bioclast from coral organisms or coral reefs as main 

composition, this microfacies can be classified as reef rudstone microfacies or SMF 6 (Wilson, 

1975; Flugel, 2010). 
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Plate (1): The sedimentation patterns of two different facies; (A) Coralline rudstone 

facies has a progradation sedimentation pattern, (B) Mudstone-packstone 

intercalation facies has sedimentation pattern initially from progradation to 

retrogradation. 

 

    Facies B is mudstone-packstone intercession facies (Dunham, 1962). This facies develops 

at the thickness of 9 - 24 meters with a strike/dip direction: N 130o E/35o SW at the bottom 

then changes to the strike/dip direction: N 130o E/10o SW. The mudstone has yellowish 

brown colour, fine grain size <0.1 mm, mud supported packing, and well sorted. Based on its 

composition, there is no allochem in this sample, and only found quartz mineral as a fragment 

(5%). Micrite is very dominant as matrix with abundant of 95% (Pl. 2C, D). The stacking 

pattern of this facies is thickening upward and thinning to the southwest.  

 

    The packstone has light brown colour, coarse grain size <2 mm, poorly sorted and closed 

fabric. Based on its composition, there are coral and quartz mineral as fragments in this 

sample. This facies has thinning upward stacking pattern and scouring structure at the upper 

limit of contact with mudstone. Petrography analysis showed for the packstone composed of 

4% large benthic foraminifera, 10% peloid, 2% extraclast, 12% quartz as non-carbonate grain, 

with 68% micrite and 4% sparite as a matrix. Some porosity was found in this sample such as 

interparticle and vuggy porosity with an abundance of 21% (Pl. 2E, F). 

 

    Based on the grain size that develop tend to be finer, it is interpreted this facies are formed 

at a lower energy than the previous facies. The stacking pattern is initially progradation then 

develops the retrogradation (backstapping occurs) above due to relative sea level rise, which 

showed the sediment supply is lower than accommodation space. Changes in sedimentation 
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patterns are supported by changes in the magnitude of the slope of the coating which was 

initially 35o to be gentler 10o. 

 

    Based on the texture and composition, this facies can be classified into types of pelagic 

mudstone microfacies (SMF 3) and packstone litho-bioclastics microfacies (SMF 4) (Wilson, 

1975; Flugel, 2010). The reason is based on the main constituent component of mudstone is 

micrite which becomes a finer-sized matrix that is formed, so it is appropriate to be included 

in SMF 3. Whereas the packstone, has composition of the granules shows strong original 

sources such as quartz and allochem consisting of large foraminifera, extraclast and peloid, so 

it is appropriate to be included in SMF 4. 

 

 
Plate (2): Petrography analysis for three samples of thin section, parallel nicol (left) 

and cross nicol (right); (A, B) coralline rudstone, (C, D) Mudstone, (E, F) 

packstone. 

 

(B) Paleobathymetry  

    Paleobathymetry becomes important data to support the identification of the depositional 

environments; paleobathymetry can be known from biostratigraphy analysis, especially a 
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collection of benthic fossils, with a total of three samples analyzed. Benthic fossils in the reef 

rudstone microfacies represented in 3B sample consisted of Cornuspira foliacea (Philippi), 

Fijinonion fijiense (Cushman and Edwards), Melonis affinis (Reuss), Nonion fabum (Fichtel 

and Moll) and Rhabdammina discreata (Brady). The interpretation of the presence of five 

types of benthic fossils shows paleobathymetry in the middle shelf to upper slope zone at a 

depth of 73.2 - 283.65 meters (Tipsword et al., 1966; Jones, 1994). 

 

    The benthic fossils in the pelagic mudstone microfacies - microbreccia microfacies 

represented by 3E, 3G, 3H, 3I and 3J samples consisted of Fijinonion fijiense (Cushman and 

Edwards), Gyrodinoides soldanii (d'Orbigny), Nonion fabum (Fichtel & Moll), 

Praeglobobulimina ovata (d'Orbigny), Rhabdammina discreata (Brady) and Saccorhiza 

ramosa (Brady). The interpretation of the presence of these six types of benthic fossils shows 

the paleobathimetric changes. Sequentially 3E sample paleobathymetry in the outer shelf - 

upper slope zone with a depth of 183-366 meters, 3G sample in the upper slope zone with a 

depth of 283.65-366 meters, 3H sample in the upper slope - lower slope zone with a depth of 

283.65-1,830 meters, 3I sample in the upper slope - lower slope zone with a depth of 283.65-

1,830 meters, and 3J sample paleobathymetry in the upper slope zone with a depth of 283.65-

466.65 meters (Tipsword et al., 1966; Jones, 1994). The sequence of paleobathimetric 

changes from bottom to top can be seen in Diagram (2). 
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Diagram (2): Chart of facies distribution, standard microfacies, depositional 

environment and paleobathymetry in study area. 

 

(C) Depositional Environment 

    The depositional environment interpretation or facies zone (FZ) of the study area was 

determined from the compilation of SMF type and paleobathymetry identification using 

classification Wilson (1975) and Flugel (2010). Depositional environment for reef rudstone 

microfacies (SMF 6) with paleobathymetry middle shelf - upper slope is a slope environment 

(FZ4). 
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    Depositional environment of pelagic mudstone microfacies (SMF 3) and packstone litho-

bioclastics microfacies (SMF 4) with paleobathymetry upper slope - lower slope is a toe of 

slope environment (FZ 3). The history of settling in the study area was preceded by 

sedimentation of reef rudstone microfacies in the slope area and then deposited in lower 

energy a pelagic mudstone microfacies and packstone litho-bioclasctics microfacies in the toe 

of slope environment (Diag. 3). 

 

 

 
Diagram (3): Changes in the depositional environment from changes in relative sea level 

rise; (A) Initially deposited by coralline rudstone facies at a depth of 73.2-

283.65 meters in the slope area (FZ 4), (B) A change in relative sea level 

that was deepened and deposited by mudstone-packstone intercession 

facies at a depth of 283.65-466.65 meters in the toe of slope area (FZ 3). 

(Modified Wilson, 1975; Flugel, 2010). 

 

CONCLUSIONS 

    Limestone formation in the Yosonegoro area comprises two facies and three microfacies. 

Paleobathymetry shows an increasingly deep change due to the sea level rise from the middle 

shelf -upper slope to the upper slope - lower slope. Compilation of standard microfacies type 
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and paleobathymetry shows changes in depositional environment. Initially deposited reef 

rudstone microfacies in the slope environment (FZ 4) and then deposited in harmony with 

pelagic mudstone microfacies and packstone litho-bioclastics microfacies in the toe of slope 

environment (FZ 3). The results of this study became a discourse to propose the name of a 

new formation according to the location and characteristics of limestone based on facies, 

microfacies and depositional environment. The name of the new formation proposed is the 

Limboto Limestone Formation from the name of the previous formation namely the Clastic 

Limestone Formation. 
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, بيئة الترسيبية لصخور الاليمستون في يوسونيكوروتحليل السحنات الدقيقة وال

 اندونوسيا , منطقة كورونتالو

 

  **  ل الديناكم و** ايسباجيو براميوميجو , *بيرمانا  نج بانجي آ 

 اندونوسيا, كورونتالو, جامعة نيجري كورونتالو, الجيولوجي الهندسيةقسم * 

 اندونوسيا, ي اكارتايوج, ماداا جامعة جاد, قسم الجيولوجي الهندسية** 

 

 92/09/9402: , تأريخ النشر 04/04/9402: ,   تأريخ القبول 40/40/9402: تأريخ الاستالم

 

 الخالصة

ركز البحث على . تقع منطقة الدراسة في الجزء الشمالي من حوض بحيرة ملبوتو     

وتهدف . في منطقة يوسونيكورو , متر  42مكاشف صخور الاليمستون الذي يبلغ سمكه 

تتكون . والسحنات الدقيقة القياسية وبيئة الترسيب, الدراسة الى ايجاد السحنات

وتحليل الطباقية , وتحليل الصخارية, قطعدراسة امل -:طريقة البحث من ثالث طرق هي

اعتمادأ على  .تتكون سحنات الاليمستون في منطقة يوسونيكورو من سحنتين. الحياتية

واملحتوى , ومصدر املكونات الارضية, والنسيج, واللون , واملكونات, التراكيب الرسوبية

ليل العمق واظهر تح. قسمت السحنتين الى ثالث سحنات مجهرية مختلفة , العضوي 

 -املنحدر الاعلى الى املنحدر الاعلى  -الرف املتوسط القديم ملياه البحر الى التعمق من 

اظهر التجميع بين السحنات الدقيقة . املنحدر الاسفل بسبب ارتفاع منسوب البحر

من بيئة املنحدر الى بيئة الاكثر , القياسية وبين العمق القديم الى تغير في بيئة الترسيب

 
 
ساعدت نتائج هذة الدراسة الباحثين الى اقتراح اسم تكوين جديد بأسم تكوين . عمقا

 الى املوقع الجديد والوصف
 
 من اسم التكوين السابق وهو , اليمستون ملبوتو استنادا

 
بدال

 . تكوين الاليمستون الفتاتي


