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Abstract. Strong tectonic effects have influenced the complexity of the geological
conditions in the southern half of Gorontalo Province. The raising of limestone into hills, as
seen today, is one example. Furthermore, because it is located between the major volcanic and
plutonic rocks, the distribution of limestone in the study area is quite distinctive. Limestone
research in the proposed research area is done on a regional scale, therefore more in-depth
research is required to gather the most up-to-date geological data. For this reason, the goal of
this research was to look at the facies and diagenesis of limestones in the southern section of
Indonesia's Gorontalo Province. Field surveys, including megascopic study of limestone and
rock samples, and petrographic analysis in the laboratory, will be used to achieve the research
objectives. The results revealed that the limestone facies in Gorontalo Province's southern part
is coralline floatstone. Based on petrographic analysis, there are six different types of diagenesis
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processes that occur in coralline floatstone. The six processes of diagenesis include microbial
micritization, initial calcite cementation, cementation, dissolution, neomorphism (inversion),
and neomorphism (recrystallization). The research area's limestone diagenetic environment
comprises of three diagenesis environments: it begins with the diagenesis process in the marine
phreatic zone, then turn into the meteoric phreatic zone, and end with the diagenesis process in
the meteoric vadose zone.

Keywords: Diagenesis, Facies, Gorontalo, Limestone

1. Introduction

Diagenesis refers to the physical and chemical changes that occur after a sediment or
sedimentary rock is deposited. It does not, however, contain metamorphism [1], a process
involving high temperatures and pressures. Diagenesis has the ability to preserve information
on the primary appearance, post-deposition history, pore water composition, and temperature.
The key controllers of diagenesis are the composition and mineralogy of the sediments, the
chemical composition of the pore fluids and the rate of fluid flow, the geological history of the
sediments in relation to burial, uplift and sea level change, the influx of pore fluids and climatic
differences [2].

Changes from one diagenesis environment to another may occur multiple times in the
history of carbonate diagenesis. This can be determined using texture data that has been
preserved in order to determine the sequence of diagenesis [3]. Changes can occur in three main
diagenesis environments: marine, meteoric, and burial, all of which have predictable processes
throughout geological history [4,5,6].

Carbonate rock diagenesis is comprised of six major processes: dissolution, cementation,
neomorphism, dolomitization, microbial micritization, and compaction. In this case, the
contributing variables are pressure, temperature, mineral stability, equilibrium conditions, rate
of water influx, time, and structural control [2]. Complex characteristics influence diagenesis
processes in carbonate deposits such as micritization, dissolution, compaction, cementation,
dolomitization, and recrystallization. These criteria include primary mineralogy, depositional
texture, porosity and permeability, pore water chemistry, oil saturation, and sedimentary basin
tectonic development [7,8,9,10,11]. The complexity of these controlling parameters makes
perfect modeling of the role of diagenesis on the distribution and evolutionary pathways of
reservoir quality in carbonate succession fraught with difficulties. The chemistry of the pore
water in particular, which has the primary control over the diagenesis reaction, may vary widely.
In near-surface conditions, diagenesis takes place in marine, meteoric, brackish, and hypersaline
brines [8,12,13,14].

The regional stratigraphy of Gorontalo Province's southern part refers to a geological map
of Tilamuta sheets on a scale of 1: 250,000 [15] composed of several rock formations. In
regional stratigraphic order, the oldest formation is the Tinombo Formation consisting of: basalt
lava, andesitic lava, volcanic breccia, with intercalated sandstone, green sandstone, siltstone,
red limestone, gray limestone, and a small amount of thermally recovered rock. The age of this
rock unit is estimated to be between the Eocene and the Early Miocene. Above it, the Middle
Miocene Bilungala Volcano Formation was created, consisting of volcanic breccia, tuff, and



lava. The color of this lithology ranges from gray to dark gray. The Diorite Bone Formation,
which includes diorite, quartz diorite, granodiorite, and adamelite, is estimated to be Middle
Miocene in age. The Tinombo and Bilungala VVolcano Formations were both cut through by this
unit. Aside from that, there are variations in the composition of quartz diorite, granodiorite, and
adamelite, with the main components being andesine, quartz, and hornblende. The Pinogu
Volcano Formation, which is estimated to be of Pliocene-Plistocene age, is not aligned. This
formation consists of tuff, lapilli tuff, breccia, and lava. Volcanic breccias can be found in the
Bone Mountains, Mount Mongadalia, and Pusian [16]. The Reef Limestone Unit, which was
formed unconformably in the Late Pleistocene-Holocene age, is the youngest formation. It is
white and solid. This unit has been elevated into hills, while others are still developing beneath
the water. The uplift of numerous limestone facies in the Limboto Basin reaches 0.0699-0.0724
mm/year, demonstrating the tectonic influence of limestone uplift [16,17,18]. Based on the
preceding, the primary goal of this research is to investigate the facies and diagenesis of
limestones in the southern region of Gorontalo Province.

2. Research Method

The research material is a limestone outcrop in Gorontalo Province's southern part. The
study area is a plateau (hills) has coordinates (0° 29' 25"-0° 30' 05" N and 123° 2' 25" 123° 03' 00"
E) (Figure 1).
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Figure 1. (A) The research location on the map of Gorontalo Province, (B) The research
location is in the Tanjung Kramat area, Gorontalo City

There are two research methods: field survey and laboratory analysis. There are two
research approaches: qualitative analysis and quantitative analysis. The description and
interpretation of limestone types, as well as suitable sampling for laboratory analysis, are the focus
of field surveys. Laboratory analysis is petrographic analysis performed in the Geo Optics
laboratory. The petrographic analysis stage begins with the formation of a thin section using the
blocking method, which serves to infiltrate the blue dye into the pores in order to distinguish the
original rock pores from the pores formed during preparation [19,20]. Petrographic analysis was
conducted with a Euromex 1053 binocular polarizing microscope equipped with a computer-
connected camera [21,22,23]. Petrographic analysis is very useful in determining the mineral
composition of the rock and the kind of porosity, which allows the type of diagenesis to be
determined. The interpretation of this type of diagenesis will assist in determining the diagenesis
environment of the limestone after it has been formed or deposited [24,25].



3 Research Results and Discussion
A. Facies

The results of a field survey conducted at the research site in the southern portion of
Gorontalo Province demonstrate the study's morphology in the form of limestone hills (Figure 2).
Petrological analysis of limestone samples reveals white rock with poorly sorted, open packed,
floating grains in the matrix and a massive structure. It is composed of coral fragments, quartz
minerals, micrite, and sparite. The limestone is known as Coralline floatstone based on
petrological analysis [26].

Figure 2. Coral limestone outcrops located in the hills of the southern part of Gorontalo
Province

The petrological analysis results were then compared to the petrographic analysis using a
polarizing microscope (Figure 3). The petrographic analysis revealed that the carbonate rock
incision was brown, the interference color was dark brown, with a particle size of 0.1 - > 4 mm,
an abundance of material measuring > 2 mm, up to 11%, and the rock texture was based on the
relationship between the matrix's supported grains. There is a vuggy porosity with a 12 %
abundance. There are skeletal fragments in the form of coral fragments, non-skeletal grains in the
form of extraclase, non-carbonate grains in the form of volcanic lithic, quartz, plagioclase, and
pyroxene minerals, as well as micrite and sparite, according to its composition. The limestone
facies is known as Coralline floatstone [26].

Detailed description of the rock composition, namely skeletal grain in the form of coral
fragments (11 percent): on the parallel nickel appearance (//) it is brown, has a porous shape, > 4
mm in size, high relief, no pleocroism is visible, and has a sort of translucent transparency. The
interference color varies in order Il in the appearance of crossed nickel (X). The fragments are



generally replaced by sparite (calcite) and the pores are filled with micrite as a result of
micritization.

Non-skeletal grain in the form of extraclase (3%): on the appearance of parallel nickel (//)
is colorless brownish, size 0.6 mm, high relief. In the appearance of cross-linked nickel (X) the
interference color varies in order of 2. Because it has been heavily crystalline, the texture cannot
be determined. It is considered an extraclase because it is more diegenic than other grains
considered to be of rock origin.

Non-carbonate grains consist of 1. Andesite lithic (2%): on the appearance of parallel
nickel (/) it is colorless brownish, on the appearance of nickel crossed (X) it has an interference
color of yellowish black, size 0.8 mm, porphyroafanitic texture, the composition in the form of
plagioclase, quartz with a base mass of glass material. 2. Quartz (2%): on the appearance of
parallel nickel (//), it is colorless, 0.1 mm in size, conchoidal shape, translucent, low relief, no
pleochroism, no fracture. On the appearance of crossed nickel (X), it has an interference color of
order 1 gray, wavy dark. 3. Plagioclase (2%): on the appearance of parallel nickel (//) colorless,
0.1 mm in size, long prismatic shape, translucent, low relief, no pleochroism, one-way fracture.
On the appearance of crossed nickel (X), it has an interference color of order 1 gray, Carlsbad
twinning, and the darkening angle is 14-18°. 4. Clino-Pyroxene (2%): on the appearance of parallel
nickel (//), it is colorless brownish, 0.2 mm in size, short prismatic shape, translucent, low relief,
no pleochroism, no fracture observed. The appearance of crossed nickel (X) has an orange
interference color of order 2, the darkening angle is 20-22°.

The matrix consists of 1. Micrite (63%): on the appearance of parallel nickel (//), it is dark
brown-yellowish brown, mineral size < 0.1 mm, moderate relief, cleavage is not observed, no
pleocroism is visible, and has a type of translucent transparency. On the appearance of nickel
crossed (X), it has a golden brown color. 2. Sparite (15%): on the appearance of parallel nickel
(//), it is colorless, size 0.1 - 0.4 mm, moderate relief, fracture is not observed, bladed — equant
shape, blocky structure and meniscus. In the appearance of crossed nickel (X), it varies by the
order of two. It is composed of calcite. It is the result of pore filling, micrite recrystallization, or
changing the composition of the shell or coral.
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Figure 3. Petrographic analysis of rock samples showing the Coralline floatstone facies. Various
types of diagenesis occur in the Coralline floatstone facies. (A) and (C) parallel nikol, (B) and
(D) cross nikol

B. Diagenesis

Based on petrographic study, there are six different types of diagenesis processes that can
occur in Coralline floatstone samples. Microbial micritization, initial calcite cementation,
cementation, dissolution, neomorphism (inversion), and neomorphism (recrystallization) are the
six processes that occur during diagenesis (Figure 3).

It is possible to determine the diagenetic environment of the limestone in the study area
based on petrographic analysis and diagenesis type determination using the classification [3],
which includes three diagenesis environments: marine phreatic zone, meteoric phreatic zone, and
meteoric vadose zone. The reconstruction of the history of limestone diagenesis in the southern
part of Gorontalo Province is helped by the analysis of three diagenesis environments based on
diagenesis type. Table 1 shows the chronology or stages of limestone diagenesis in the research
area.

Table 1. Stages of the diagenesis process that occurred based on relative time in limestones in
the southern region of Gorontalo Province



Stages of the Diagenesis Process

Marine
Phreatic
Zone

Meteoric
Phreatic
Zone

Meteoric
Vadose
Zone

Relative Time
Microbial Micritization
Initial Calcite Cementation
Cementation
Dissolution
Neomorphism (Inversion)
Neomorphism (Recrystallization)
Cement Structure Dominated by Blocky
Structure
8 | Cement Structure Dominated by Meniscus
Structure
9 | Vuggy Porosity
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According to Table 1, the study area's chronology or stages of limestone diagenesis can be
divided into three categories:

A. The early steps of the diagenesis process take place in the marine phreatic zone. The
process of microbial micritization and early calcite cementation characterize this stage.
The major dissolving product in the matrix is cementation.

B. In the meteoric phreatic zone, the diagenesis process progresses to the second stage. The
presence of a substantial dissolving process in the matrix and shell, with the matrix
dominating, characterizes this stage. There is also a neomorphism process that involves
inversion and recrystallization. Changes in shell composition or coral fragments into
blocky calcite indicate inversion. The process of nemorphism takes the form of
recrystallization, as seen by the transformation of micrite to blocky calcite. The bladed
equant form dominates the cement's morphology.

C. Inthe meteoric vadose zone, the diagenesis process reaches its third stage. The occurrence
of a disintegrating process characterizes this stage. Vuggy porosity is formed as a result of
this minor dissolving process. There was also a cementation process, as evidenced by the
existence of calcite cement pore filling with a meniscus structure. This is supported by the
rock's cementation dominance, as well as the presence of porosity due to extensive
dissolution (Figure 4).
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Figure 4. Environmental scheme of carbonate diagenesis in the Coralline floatstone facies in
the southern area of Gorontalo Province [2]

4. Conclusion

Several important conclusions can be taken from the results and discussion of facies

analysis and limestone diagnosis studies in the southern portion of Gorontalo Province, including:

1. Coralline floatstone is the limestone facies found in the southern half of Gorontalo
Province.

2. Based on petrographic analysis, there are six different types of diagenesis processes that
occur in Coralline floatstone. Microbial micritization, initial calcite cementation,
cementation, dissolution, neomorphism (inversion), and neomorphism (inversion) are the
six diagenesis processes (recrystallization).

3. The limestone diagenetic environment in the study area consists of three diagenesis
environments, which begin with the diagenesis process in the marine phreatic zone, then
turn into the meteoric phreatic zone, and end in the diagenesis process in the meteoric
vadose zone.
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LIMESTONE FACIES AND DIAGENESIS ANALYSIS IN THE SOUTHERN OF
GORONTALO PROVINCE, INDONESIA

Abstract. Strong tectonic effects have influenced the complexity of the geological conditions in the
southern half of Gorontalo Province, Indonesia. Fheraising-of-Hmestone-into-hilsas-seen-today As seen
today, the raising of limestone into hills is one example. Furthermore, because it is located between the
major volcanic and plutonic rocks, the distribution of limestone in the study area is quite distinctive. Most
of the research related to Llimestone-researeh- in the proposed research area was conducted on ais-dene-on
a regional scale, therefore, a more in-depth research-analysis is required to gather the most up-to-date
geological data. For this reason, the-geal-efthisresearch-wasis research aimed to look at the facies and
dlageneS|s of Ilmestones in the southern section of Indonesras Gorontalo Provmce Fleld surveys—melaelmg

taaehreve%heureseareheb}eetwes WI|| be used to achleve the research objectives, |nclud|nq a megascopic
study of limestone and petrographic analysis in the laboratory. The results revealed that the-limestone-facies
in-Gorontale-Province's-southern-partisGorontalo Province's southern part's limestone facies are coralline
floatstone. Based on the petrographic analysis, there-are-six-different-types-of diagenesis-processes-thatsix
different diagenesis processes occur in coralline floatstone. The six processes—of-diagenesidiagenesis
processes include microbial micritization, initial calcite cementation, cementation, dissolution,

neomorphism (inversion), and neomorphrsm (recrystalllzatron) The research areas Ilmestone dlagenetlc
environment comprises e =
phreahezene—then—ta#em%e—ﬂae—nwtee%p#weaﬂc—zeneﬁand—enéthree draqenesrs envrronments it beqrns
with the diagenesis process in the marine phreatic zone, then turns into the meteoric phreatic zone, and ends
with the diagenesis process in the meteoric vadose zone.

Key-words: Diagenesis, Facies, Gorontalo, Limestone
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NHAOHE3HUSA, TOPOHTAJIO IPABUHIUACBIHBIH OHTYCTII'THAET'TI OKTACTbBI
DOACUAJIAP ’KOHE JTUATEHE3I3II TAJIIAY

AnnoTtanus. Kymri TekToHUKaJIBIK acepiep ['opoHTan0 MpOBUHIMSCHIHBIH OHTYCTIK dKapTHICBIHAAFbI
TEOJIOTHSUTBIK, JKaFIaiap eI KYPACHIITiHe ocep €TTi. OKTaCThIH Tebere koTepiiayi OYTiHTi KYHHIH Oip
Mbicanbl. COHBIMEH Karap, OJI HETi3Ti j>KaHapTayJsblK OHE TUTYTOHIBIK Tay >BIHBICTAphl apachIHJIa
OpHAJIACKAHMIBIKTAH, 3ePTTENICTIH aliMaKTa OKTACThIH Tapalybl aWTapiBIKTall epeKIIeeHe Ii. ¥ ChIHBIIFaH
3epTTeY alMarblHJA OKTACTapJbl 3EPTTEY alMaKTBIK ayKbIMja KYPTi3iie[i, COHABIKTAH €H ©3€KTi
TEOJIOTHSUTBIK, JAEPEKTEep i JKMHAY VIIiH TepeHipek 3eprreyiep Kaker. Ocwl cebenti OV 3epTTEyIHiH
MakcaThl MHIOoHE3UsIHBIH [ OpOHTaI0 MPOBUHIMACHIHBIH OHTYCTIK OOMITiHIErT oKTacTapablH (alusiapbl
MEH IHareHe3iH Kapay OoJimbl. 3epTTey MaKcaTTapblHa KOJ KETKi3y YIIiH JallajblK 3epTTEyiep, COHBIH
IIiHAEe OKTac TEeH Tay JKBIHBICTAPBIHBIH YITUIEPIH METacKONUSIIBIK 3€pPTTey KOHE 3epTxXaHajia
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N3BECTHAKOBBIE ®AIIMU U TUATEHE3UYECKN AHAJIN3 HA IOTE
ITPOBUHIIMU I'OPOHTAJIO, UTHAOHE3USA

AocTpakTHbId. CUIBHBIE TEKTOHUYECKHUE BO3JCHCTBUSA TOBIUSUIA HA CIOXHOCTh T'€OJOTHYECKUX
YCJIOBUM B FHOKHOM NOJIOBUHE HNPOBHHLUMM I'opoHTano. IlonHsATHE M3BECTHSKA B XOJIMBI, KaK Mbl BUAUM
CEroJHs, SIBIISIETCA OJHHUM W3 MpuUMepoB. Kpome TOro, MOCKOIBKY OH PACHOJIOKEH MEXKIy OCHOBHBIMHU
BYJIKAHMYECKHUMH ¥ IUTyTOHHYECKUMH TOPOJIaMH, pacHpeelicHHe W3BECTHSIKA Ha HCCICITyeMOM
TEPPUTOPUU BechMa cBoeoOpa3Ho. McciienoBaHusl M3BECTHSIKA B MpEAsiaraeMoOM paiioHe HCCIeAOBaHUN
MIPOBOJIATCS B pETHOHAIHFHOM MacITade, o3TOMy He0OX0IUMEI OoJiee TITyOOKHe HCCIea0BaHus It coopa
CaMBIX COBPEMEHHBIX T'€OJIOTHYECKUX JNaHHBIX. [1o 3TOW mpuuyWHE ENbI0 JAaHHOTO HCCICIOBaHUS OBLIO
u3yueHue Qaiuii U JuareHe3a M3BECTHSAKOB B IOXKHOW yacTH NpoBHHIMM [opoHTano B MHmoHe3ww.
[ToneBbie HWccnenoBaHus, BKIIFOYAss MUKPOCKOIIMYECKOE HCCIEAOBaHNE 00pa3I0B M3BECTHSAKA U TOPHBIX
MopoJI, a TaKXke merporpaduueckuil aHaiu3 B J1a0OpaTOpUH, OyAyT HMCIONB30BAThCS IS JTOCTHXKCHUS
nenel WucclieoBaHus. Pe3ynbraThl IMOKa3zanmd, 4To ¢anus W3BECTHAKA B FOKHOW YacTH TPOBUHIIUU
I'opoHTano npenacrapiaser coOOM IUIaBY4Hid KOPA/UIOBbIM KaMeHb. OCHOBBIBASCh Ha METPOTrpaduuecKoM
aHanm3e, CyIIeCTBYET IIECTh Pa3IMIHBIX THIIOB TMPOIECCOB JUAreHes3a, MPOHUCXOJANINX B KOPAIIIOBOM
¢dnoarcroyne. lllecTh mpolecCOB uareHe3a BKIIOYAIOT MHKPOOHYI0 MHMKPHTH3AIMIO, HAYaIbHYIO
[EMEHTAIMI0 KaNbIUTa, I[IEMEHTAllMI0, pPacTBOpeHHe, HeoMop(m3M (MHBEPCHUIO) W HEOMOPGHU3M
(nepexpuctamuzanuio). /Jlnarenernueckas oOCTaHOBKA M3BECTHSAKOB paiioHA UCCIIEIOBAHUI COCTOUT U3
TpeX NWareHeTHYECKHWX Cpell: OHa HAauYMHAETCS C Ipollecca JuareHe3a B MOPCKOW (peaTndecKor 30HeE,
3aTeM TMEePEeXOJUT B METCOPUTHO-(QpeaTHUECKHil MOSIC M 3aKaHYMBACTCS TNPOIECCOM JHarcHe3a B
METEOPUTHOM a3paIlMOHHOM TIOsICE.

KaroueBrble ciioBa: guareHes, Gaius, ropoOHTaNO, U3BECTHSK.

Introduction. Diagenesis refers to the physical and chemical changes that-eeceur—after a
sediment, or sedimentary rock is deposited. It does not;-hewever; contain metamorphism (Scholle
& Ulmer-Scholle, 2003), a process involving high temperatures and pressures. Diagenesis has-the
abHity-tecan preserve information on the primary appearance, post-deposition history, pore water
composition, and temperature. The key controllers of diagenesis are the composition and
mineralogy of the sediments, the chemical composition of the pore fluids and the rate of fluid flow,
the geological history of the sediments-deposits #-relation-teconcerning burial, uplift and sea level
change, the influx of pore fluids and climatic differences (Tucker & Wright, 1990).

Changes from one diagenesis environment to another may occur multiple times in the history

of carbonate diagenesis. This can be determined using texture data that has been preserved 1-erder
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to determine the sequence of diagenesis (Longman, 1980). Changes can occur in three main
diagenesis environments: marine, meteoric, and burial, all of which have predictable processes
throughout geological history (Wright et al., 2003; James et al., 2005; Wright & Cherns, 2008).

Carbonate rock diagenesis is—eemprised—oefcomprises six major processes: dissolution,
cementation, neomorphism, dolomitization, microbial micritization, and compaction. In this case,
the contributing variables are pressure, temperature, mineral stability, equilibrium conditions, rate
ef-water-influxwater influx rate, time, and structural control (Tucker & Wright, 1990). Complex

characteristics influence diagenesis processes in carbonate deposits, such as micritization,
dissolution, compaction, cementation, dolomitization, and recrystallization. These criteria include
primary mineralogy, depositional texture, porosity and permeability, pore water chemistry, oil
saturation, and sedimentary basin tectonic development (Machent et al., 2007; Morad et al., 2012;
Armelenti et aI 2016 Lietal., 2017, Selbel &James 2017)

294;9—James&—lenes—2@1—5%w&rt—2@15}hemlstry of the pore Water WhICh has the prlmary control

over the diagenesis reaction, may vary widely. In near-surface conditions, diagenesis occurs in
marine, meteoric, brackish, and hypersaline brines (Morad et al., 2012: 2019; James & Jones, 2015;
Swart, 2015). The complexity of these controlling parameters makes perfect modeling of the role
of diagenesis on the distribution and evolutionary pathways of reservoir quality in carbonate
succession fraught with difficulties.

The regional stratigraphy of Gorontalo Province's southern part refers to a geological map of
Tilamuta sheets on a scale of 1: 250,000 (Bachri et al., 1997) composed of several rock formations.
In regional stratigraphic order, the oldest formation is the Tinombo Formation consisting of: basalt
lava, andesitic lava, volcanic breccia, with-intercalated sandstone, green sandstone, siltstone, red
limestone, gray limestone, and a small amount of thermally recovered rock. The age of this rock
unit is estimated to be between the Eocene and the Early Miocene. Above it, the Middle Miocene
Bilungala VVolcano Formation was created, consisting of volcanic breccia, tuff, and lava. The color
of this lithology ranges from gray to dark gray. The Diorite Bone Formation, which includes
diorite, quartz diorite, granodiorite, and adamelite, is estimated to be Middle Miocene in age. The
Tinombo and Bilungala VVolcano Formations were both cut through by this unit. Aside from that,
there are variations in the composition of quartz diorite, granodiorite, and adamelite, with the main
components being andesine, quartz, and hornblende. The Pinogu Volcano Formation, which-is
estimated to be of Pliocene-Pleistocene age, is not aligned. This formation consists of tuff, lapilli
tuff, breccia, and lava. Volcanic breccias can be found in the Bone Mountains, Mount Mongadalia,
and Pusian (Apandi & Bachri, 1997). The Reef Limestone Unit, which-was-formed unconformably
in the Late Pleistocene-Holocene age, is the youngest formation. It is white and solid. This unit
has been elevated into hills, while others are still developing beneath the water. The uplift of
numerous limestone facies in the Limboto Basin reaches 0.0699-0.0724 mm/year, demonstrating
the tectonic influence of limestone uplift (Apandi & Bachri, 1997; Permana et al., 2019; 2021).
Based on the preceding, the primary goal of this research is to investigate the facies and diagenesis
of limestones in the southern region of Gorontalo Province.

Research materials and methods. The research material is a limestone outcrop in Gorontalo
Province's southern part. The study area is a plateau (hills) has coordinates (0° 29' 25"-0° 30" 05" N
and 123° 2' 25" 123° 03' 00" E) (Figure 1).
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Figure 1. (A) The research location on the map of Gorontalo Province, (B) The research location is
in the Tanjung Kramat area, Gorontalo City

Ihereuare—tw&researeh—metheds— fA f|eId survey and Iaboratory analy5|s was performed in this

focus of f|eld surveys IS the descrlptlon and mterpretatlon of Ilmestone
types and suitable sampling for laboratory analysis. The petrographic analysis Laberatery-analysis-is
petrographrc—analysr&performed in the Geo Optlcs Iaboratory The petrographlc analy5|s stage begins
with
mtethepereﬁnorderformlnq a th|n sectlon usmq the blocklnq method WhICh |nf|Itrates the blue dye
into the pores to distinguish the original rock pores from the—peresose formed during preparation
(Dickson, 1966; Crabtree et al., 1984). Petrographic analysis was conducted with a Euromex 1053
binocular polarizing microscope equipped with a computer-connected camera (Tetley & Daczko,
2013; Serge & Senthilkumar, 2017; Ofulume et al., 2018). Petrographic-A petrographic analysis is
very useful in determining the mineral composition of the rock and the kind of porosity, which allows
the type of diagenesis to be determined. The interpretation of this type of diagenesis will assist in
determining the diagenesis environment of the limestone after it has been formed or deposited
(Maryanto, 2012; Arosi & Wilson, 2015).

Results. The results of a field survey conducted at the research site in the southern portion of
Gorontalo Province demonstrate the study's morphology in the form of limestone hills (Figure 2).
Petrological analysis of limestone samples reveals white rock with poorly sorted, eper-open-packed,

floatlng gralns in the matrlx and a masswe structure tt—rs—eomposed—ef—eerat—tragments—quartz
analysrs—eEmlery—&—Klevan—]rgll—)The I|mestone is known as Coralllne floatstone based on

petrological analysis (Embry & Klovan, 1971). It contains coral fragments, quartz minerals, micrite,
and sparite.




Figure 2. Coral limestone outcrops located in the hills of the southern part of Gorontalo Province

The petrological analysis results were then compared to the petrographic analysis using a
polarizing microscope (Figure 3). The petrographic analysis revealed that the carbonate rock incision
was brown, the interference color was dark brown, with a particle size of 0.1 - >4 mm, an abundance
of material measuring > 2 mm, up to 11%, and the rock texture was based on the relationship between
the matrix's supported grains. There is a vuggy porosity with a 12 % abundance. There are skeletal
fragments in the form of coral fragments, non-skeletal grains in the form of extraclase, non-carbonate
grains in the form of volcanic lithic, quartz, plagioclase, and pyroxene minerals, as well as micrite
and sparite, according to its composition. The limestone facies is known as Coralline floatstone
(Embry & Klovan, 1971).

Detatled-A detailed description of the rock composition, namely skeletal grain in the form of
coral fragments (11 percent): on the parallel nickel appearance (//) it is brown, has a porous shape, >
4 mm in size, high relref no pleocrorsm is visible, and has a sort of translucent transparency The

nererrtr—zatrenfraqments are qenerally replaced by sparrte (caIC|te) and the pores are frlled Wlth mrcrrte

due to micritization. The interference color varies in order 1l in the appearance of crossed nickel (X).

Non-skeletal grain in the form of extraclase (3%): on the appearance of parallel nickel (/) is
colorless brownish, size 0.6 mm, high relief. In the appearance of cross-linked nickel (X), the
interference color varies in order of 2. Because it has been heavily crystalline, the texture cannot be
determined. It is considered an extraclase because it is more diegenic than other grains eensidered-te
be-of rock origin.

Non-carbonate grains consist of 1. Andesite lithic (2%): on the appearance of parallel nickel (//),
it is colorless brownish, on the appearance of nickel crossed (X), it has an interference color of
yellowish black, size 0.8 mm, porphyroafanitic texture, the composition in the form of plagioclase,
quartz with a base mass of glass material. 2. Quartz (2%): on the appearance of parallel nickel (//), it
is colorless, 0.1 mm in size, conchoidal shape, translucent, low relief, no pleochroism, and no
fracture. On the appearance of crossed nickel (X), it has an interference color of order 1 gray, wavy
dark. 3. Plagioclase (2%): on the appearance of parallel nickel (/) colorless, 0.1 mm in size, a long
prismatic shape, translucent, low relief, no pleochroism, one-way fracture. On the appearance of
crossed nickel (X), it has an interference color of order 1 gray, Carlsbad twinning, and the darkening
angle is 14-18°. 4. Clino-Pyroxene (2%): on the appearance of parallel nickel (//), it is colorless
brownish, 0.2 mm in size, a short prismatic shape, translucent, low relief, no pleochroism, and no

fracture observed. The appearance-oferossed-nickeOcrossed nickel (X) appearance has an orange

interference color of order 2, and the darkening angle is 20-22°.




The matrix consists of 1. Micrite (63%): on the appearance of parallel nickel (//), it is dark
brown-yellowish brown, mineral size < 0.1 mm, moderate relief, cleavage is not observed, no
pleocroism is visible, and has a type of translucent transparency. On the appearance of nickel crossed
(X), it has a golden brown color. 2. Sparite (15%): on the appearance of parallel nickel (//), it is
colorless, size 0.1 - 0.4 mm, moderate relief, a fracture is not observed, bladed — equant shape, blocky
structure, and meniscus. +-tThe appearance of crossed nickel (X): varies by-the order of two. It is
composed of calcite. It is-theresuttefresults from pore filling, micrite recrystallization, or changing
the composition of the shell or coral.

Figure 3. Petrographic analysis of rock samples showing the Coralline floatstone facies. Various
types of diagenesis occur in the Coralline floatstone facies. (A) and (C) parallel nikol, (B) and (D)
cross nikol

Discussion. Based on the petrographic study, there-are-six-eifferenttypes-of diagenesisprocesses

thatsix_different diagenesis processes can occur in Coralline floatstone samples. Microbial
micritization, initial calcite cementation, cementation, dissolution, neomorphism (inversion), and
neomorphism (recrystallization) are the six processes that occur during diagenesis (Figure 3).

Microbial micritization is this process that occurs in the marine environment,_and drilling
activity can be carried out by organisms such as endolithic fungi, bacteria, and green algae or possibly
red algae. The grain micritization process is indicated by the-process—ofreplacing—anumber—of
skeleton-graths-byreplacing several skeleton grains with cloudy brown micrite that coats the granules.
The cementation process in carbonate sediments is the main diagenetic process-and. It occurs when
the pore-fluid is supersaturated with the cement phase, and there are no kinetic factors that hinder
cement precipitation. The dissolving process requires a large volume of supersaturated water and is
influenced by the selectivity of the matrix, grain shape, grain size, and skeleton properties. The
neomorphism process consists of inverse, recrystallization, and coalescive neomorphism
(aggrading/degrading neomorphism). Inversion is the change of one mineral to a polymorph, for
example, the polymorphic transformation of aragonite to calcite; and alteration of Mg calcite to
calcite. While recrystallization is a change in crystal size without a change in mineralogy, for
example, increasing/reducing the size of calcite crystals or the replacement (replacement) of smah
tiny calcite crystals by larger calcite crystals (Folk, 1965).

It is possible to determine the diagenetic environment of the limestone in the study area based
on petrographic analysis and diagenesis type determination using the classification (Longman, 1980),
which includes three diagenesis environments: marine phreatic zone, meteoric phreatic zone, and
meteoric vadose zone. The reconstruction of the history of limestone diagenesis in the southern part




of Gorontalo Province is helped by the analysis of three diagenesis environments based on diagenesis

type. Table 1 shows the ehrenelogy-orstages-of-Himestone-diagenesis-n-theresearch-arearesearch

area's chronology or stages of limestone diagenesis.

Table 1. Stages of the diagenesis process that occurred based on relative time in limestones in the

southern region of Gorontalo Province

Stages of the Diagenesis Process Marine Meteoric Meteoric
Phreatic Phreatic Vadose
Zone Zone Zone

Relative Time

Microbial Micritization

Initial Calcite Cementation

Cementation

Dissolution

Neomorphism (Inversion)

Neomorphism (Recrystallization)

Cement Structure Dominated by Blocky Structure

Cement Structure Dominated by Meniscus Structure

OlOoINO (OB WIN|-

Vuggy Porosity

meteoric marine protected shelf-margin basin
vadose vadose inner shelf

sand
/ mud + muddy sand shoals reef fore-reef

sl
acuve
phrea 6,,_
[*]
2

lake

meteori
phreati

shallow to deep
burial environment

Figure 4. Environmental scheme of carbonate diagenesis in the Coralline floatstone facies in the

southern area of Gorontalo Province (Tucker & Wright, 1990)

According to Table 1, the study area's chronology or stages of limestone diagenesis can be
divided into three categories:

eheselwg—p#edeet—m—the—m&#%—eemen{auehma|or dlssolvmq product in the matrlx IS

cementation. The early steps of the diagenesis process take place in the marine phreatic zone.
The process of mlcroblal micritization and early calcite cementation characterize this stage.

dlaqene5|s process proqresses to the second stage in the meteoric phreatlc Zone. The presence

of a substantial dissolving process in the matrix and shell, with the matrix dominating,
characterizes this stage. There is also a neomorphism process that involves inversion and
recrystallization. Changes in shell composition or coral fragments into blocky calcite indicate
an inversion. The process of nemorphism takes the form of recrystallization, as seen by the
transformation of micrite to blocky calcite. The bladed equant form dominates the cement's
morphology.

In the meteoric vadose zone, the diagenesis process reaches its third stage. The occurrence of
a disintegrating process characterizes this stage. Vuggy porosity is formed as a result of this
minor dissolving process. There was also a cementation process, as evidenced by the



existence of a calcite cement pore filling with a meniscus structure. This is supported by the
rock's cementation dominance;—as—weH-as_and the presence of porosity due to extensive
dissolution (Figure 4).

Conclusion.
Several important conclusions can be taken from the results and discussion of facies analysis and
limestone diagnosis studies in the southern portion of Gorontalo Province, including:

1. Coralline floatstone is the limestone facies found in the southern half of Gorontalo Province.

2. Based on the petrographic analysis, there-are-six-differenttypes-of diagenesis-processes-thatsix
different types of diagenesis processes occur in Coralline floatstone. Microbial micritization,
initial calcite cementation, cementation, dissolution, neomorphism (inversion), and
neomorphism (inversion) are the six diagenesis processes (recrystallization).

3. The limestone diagenetic environment in the study area consists of three diagenesis
environments, which begin with the diagenesis process in the marine phreatic zone, then turn
into the meteoric phreatic zone, and end in the diagenesis process in the meteoric vadose zone.
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LIMESTONE FACIES AND DIAGENESIS ANALYSIS IN THE SOUTHERN OF
GORONTALO PROVINCE, INDONESIA

Abstract. Strong tectonic effects have influenced the complexity of the geological conditions in the
southern half of Gorontalo Province. The raising of limestone into hills, as seen today, is one example.
Furthermore, because it is located between the major volcanic and plutonic rocks, the distribution of
limestone in the study area is quite distinctive. Limestone research in the |pr0posed research brea is done
on a regional scale, therefore more in-depth research is required to gather the most up-to-date geological
data. For this reason, the goal of this research was to look at the facies and diagenesis of limestones in the
southern section of Indonesia's Gorontalo Province. Field surveys, including megascopic study of
limestone and rock samples, and petrographic analysis in the laboratory, will be used to achieve the
research objectives. The results revealed that the limestone facies in Gorontalo Province's southern part is
coralline floatstone. Based on petrographic analysis, there are six different types of diagenesis processes
that occur in coralline floatstone. The six processes of diagenesis include microbial micritization, initial
calcite cementation, cementation, dissolution, neomorphism (inversion), and neomorphism
(recrystallization). The research area's limestone diagenetic environment comprises of three diagenesis
environments: it begins with the diagenesis process in the marine phreatic zone, then turn into the
meteoric phreatic zone, and end with the diagenesis process in the meteoric vadose zone.

Key words: Diagenesis, Facies, Gorontalo, Limestone
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NHAOHE3US, TOPOHTAJIO IPABUHIUACBIHBIH OHTYCTITTHAEI'T OKTACTbI
DACHUAJIAP ’KOHE TUATEHE3I3/JI TAJIJAY

Aunnoraumusi. Kymri TekToHMKanblK — ocepiaep [OpoHTano  NPOBHHLMSCBIHBIH — OHTYCTIiK
JKAPTBICBIHJIAFBl TEOJOTHSUIBIK JKaFAaiylapAblH KYpJCHUIiriHe acep erTi. OKracThlH Tebere KeTepiiyi
Oyriari kyHHiH Oip Mbicansl. COHBIMEH KaTap, OJI HETi3rl JKaHapTayJblK JKOHE IUTYTOHABIK Tay
JKBIHBICTAphl apachlHAA OPHAJACKAH/BIKTAH, 3ePTTENICTIH allMaKTa OKTACTBIH Tapaiybl aWTapibIKTait
epekiueneHeni. ¥ ChIHBUIFaH 3epTTey afiMarblHIa OKTacTapAbl 3epTTey aiiMaKTBIK ayKbIMIa XKyprizijemi,
COHJIBIKTaH €H ©3€KTi TeOJOTHSIIBIK IEPEKTEp/Ii KIHAY YIIIH TepeHipek 3eprreyiep Kaxer. Ocel cebenTi
Oyn 3eprreyniH Maxcarbl MHIOHe3usHbIH ['OpOHTaNO NPOBUHIMACHIHBIH OHTYCTIK OeiriHaeri
OKTACTap/blH (auusiapbl MEH AHareHe3iH kKapay Ooiabl. 3epTTey MakcaTTapblHa KOJ JKETKi3y YIIiH
JaNaIbIK 3epPTTeyJIep, COHBIH IMIIHAE OKTAC NEeH Tay >KbIHBICTAPBIHBIH YJITJIEpiH MEracKOIMHsIIBIK 3ePTTey
JKOHE 3epTXaHaja merporpadusuiblk Taiaay KojinaHbUiansl. Horwxkenep I'OpOHTaO0 HPOBHHLHMSCHIHBIH
OHTYCTIK Oeutirineri okrac (Qanusiapsl MapkaHibl (IOTTac eKeHiH aHbBIKTagbl. I[leTporpadusuibiK
TajjayFa CyHeHe OThIPbIN, KOpaUIABIK (GIoTTa maiina GonaTelH AuareHe3 MpoLECTEpiHiH anTbl Typi Oap.
JnareHesniH anTel INpoLeciHe MHKPOOTBIK MMKPOTH3aLMs, KalIbLUTTIH OacTanKbl LEMEHTTelyi,
LEMEHTTelyi, epyi, HeoMop(u3M (MHBepcust) xoHe HeoMophu3M (KaiiTa KpUCTanaHy) xKaTajibl. 3epTIey
aliMarbIHBIH OKTAC JMAreHEeTHKAJbIK OPTAChl YII AMAareHe3 OpPTAChIHAH TYpajbl: OJ TeHi3 (peaTHKablk
aifiMarplH/Ia TMareHe3 MPOLECIHeH 0acTalbll, KeHiH MEeTeopJblK (hpeaTHKalbIK aiiMakKa aifHana/abl )KOHE
METEOPJIbIK Baz03a aliMarbIH/a JUarcHe3 MPOLECIMEH asKTaIaIbl.
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U3BECTHSKOBBIE ®ALIMA U TUATEHE3SUYECKAA AHAJIN3 HA IOTE
IMPOBUHIIMU I'OPOHTAJIO, UHIOHE3UA

AOcTpakTHblii. CUIbHBIE TEKTOHHUECKUE BO3JCHCTBUS MOBIUSUIM Ha CIOXKHOCTb I'€0JIOTMYECKUX
YCJIOBHMI B 103KHOI NOJIOBMHE NPOBUHIMK I"opoHTano. ITofHATHE M3BECTHAKA B XOJIMBI, KAK MBI BUJIUM
CErojHs, sBIsETCS OOHMM M3 npuMepoB. Kpome Toro, mockojbKy OH PacloyioKeH MEKIY OCHOBHBIMU
BYJKAaHUYECKMMHM M IUTyTOHHYECKMMH IIOPOAAMHM, paclpesieJeHHe M3BECTHAKA Ha HCCIedyeMoi
TeppPUTOPHU BechMa cBoeoOpa3Ho. MccnenoBaHus U3BECTHsSKA B IIpeularaeéMoM paiioHe HccleoBaHU
NPOBOASATCS B PErHOHANLHOM MacwTabe, MO3TOMY HEOOXOAMMbl Oosiee IiTyOOKHE MCCIENOBAHUs JUIS
cOopa caMbIX COBPEMEHHBIX I'€0JIOTMUECKUX JaHHBIX. IIo 9TOH NMpUuMHE LEeabl0 TaHHOTO MCCIIe0BaHuUs
ObU10 M3yueHue Qauuii U JuareHe3a U3BECTHSAKOB B I0XKHOM yacTu npoBuHLuu ['opontano B MHioHe3nu.
IMoneBble ucclieqOBaHMs, BKIIOYAs MUKPOCKOIHMYECKOE HCCIEIO0BaHHE 00Pa3LOB M3BECTHAKA M IOPHBIX
MOpOJI, a TaKKe NeTporpaduueckuil aHaaus B 1a00OpaTopHu, OyIDyT MCIOIB30BATHCSA MUl JOCTHXKEHMS
nenei mccnenoBaHUs. PesynpTaThl mokasanau, 4to (amps H3BECTHAKA B IOJKHOH 9acTH HPOBHHIUM
T'oponrano mpencrasiser coOol IUIaByunii KOpanioBblii kaMeHb. OCHOBBIBasICh Ha HETPOrpaduueckoM
aHaJlM3e, CyLIECTBYET IUECTh PA3JMYHBIX THIIOB MPOLECCOB AMAreHe3a, IPOMCXOAAIIUX B KOPAJIOBOM
¢noarcroyne. IllecTs mpoleccoB auareHe3a BKIIOYAOT MMKPOOHYI0 MHKPHMTH3ALHUIO, HavyalbHYIO
[IEMEHTAINI0 KaJbINTa, IIEMEHTAllMI0, DPacTBOpeHHe, HeoMopdmsM (HMHBepcHIO) U HeoMopduM
(mepexpucramm3anuio). Juarenernueckas 00CTaHOBKA M3BECTHAKOB paliOHa MCCIENOBAaHUH COCTOMT M3
TpeX JMareHeTMYecKuX Cpell: OHa HauMHAEeTCs C IpOoLEcca AMareHe3a B Mopckoil ¢pearuyeckoil 3oHe,
3aTeM IIEePeXOIUT B METeOpUTHO-(QpeaTHuecKHil mosc U 3aKaHYMBACTCSA IIPOIECCOM [HareHe3a B
METEOPUTHOM a3PALIMOHHOM HOSICE.

KumoueBble ciioBa: quareHes, Qauus, ropoHTalO, H3BECTHSIK.

Introduction. Diagenesis refers to the physical and chemical changes that occur after a
sediment or sedimentary rock is deposited. It does not, however, contain metamorphism (Scholle
& Ulmer-Scholle, 2003), a process involving high temperatures and pressures. Diagenesis has the
ability to preserve information on the primary appearance, post-deposition history, pore water
composition, and temperature. The key controllers of diagenesis are the composition and
mineralogy of the sediments, the chemical composition of the pore fluids and the rate of fluid
flow, the geological history of the sediments in relation to burial, uplift and sea level change, the
influx of pore fluids and climatic differences (Tucker & Wright, 1990).

Changes from one diagenesis environment to another may occur multiple times in the
history of carbonate diagenesis. This can be determined using texture data that has been
preserved in order to determine the sequence of diagenesis (Longman, 1980). Changes can occur
in three main diagenesis environments: marine, meteoric, and burial, all of which have
predictable processes throughout geological history (Wright et al, 2003; James et al, 2005;
Wright & Cherns, 2008).

Carbonate rock diagenesis is comprised of six major processes: dissolution, cementation,
neomorphism, dolomitization, microbial micritization, and compaction. In this case, the
contributing variables are pressure, temperature, mineral stability, equilibrium conditions, rate of
water influx, time, and structural control (Tucker & Wright, 1990). Complex characteristics
influence diagenesis processes in carbonate deposits such as micritization, dissolution,
compaction, cementation, dolomitization, and recrystallization. These criteria include primary
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mineralogy, depositional texture, porosity and permeability, pore water chemistry, oil saturation,
and sedimentary basin tectonic development (Machent et al, 2007; Morad et al, 2012; Armelenti
et al, 2016; Li et al, 2017; Seibel & James, 2017).

The complexity of these controlling parameters makes perfect modeling of the role of
diagenesis on the distribution and evolutionary pathways of reservoir quality in carbonate
succession fraught with difficulties. The chemistry of the pore water in particular, which has the
primary control over the diagenesis reaction, may vary widely. In near-surface conditions,
diagenesis takes place in marine, meteoric, brackish, and hypersaline brines (Morad et al, 2012:
2019; James & Jones, 2015; Swart, 2015).

The regional stratigraphy of Gorontalo Province's southern part refers to a geological map of
Tilamuta sheets on a scale of 1: 250,000 (Bachri et al, 1997) composed of several rock
formations. In regional stratigraphic order, the oldest formation is the Tinombo Formation
consisting of: basalt lava, andesitic lava, volcanic breccia, with intercalated sandstone, green
sandstone, siltstone, red limestone, gray limestone, and a small amount of thermally recovered
rock. The age of this rock unit is estimated to be between the Eocene and the Early Miocene.
Above it, the Middle Miocene Bilungala Volcano Formation was created, consisting of volcanic
breccia, tuff, and lava. The color of this lithology ranges from gray to dark gray. The Diorite
Bone Formation, which includes diorite, quartz diorite, granodiorite, and adamelite, is estimated
to be Middle Miocene in age. The Tinombo and Bilungala Volcano Formations were both cut
through by this unit. Aside from that, there are variations in the composition of quartz diorite,
granodiorite, and adamelite, with the main components being andesine, quartz, and hornblende.
The Pinogu Volcano Formation, which is estimated to be of Pliocene-Plistocene age, is not
aligned. This formation consists of tuff, lapilli tuff, breccia, and lava. Volcanic breccias can be
found in the Bone Mountains, Mount Mongadalia, and Pusian (Apandi & Bachri, 1997). The
Reef Limestone Unit, which was formed unconformably in the Late Pleistocene-Holocene age, is
the youngest formation. It is white and solid. This unit has been elevated into hills, while others
are still developing beneath the water. The uplift of numerous limestone facies in the Limboto
Basin reaches 0.0699-0.0724 mm/year, demonstrating the tectonic influence of limestone uplift
(Apandi & Bachri, 1997; Permana et al, 2019; 2021). Based on the preceding, the primary goal
of this research is to investigate the facies and diagenesis of limestones in the southern region of
Gorontalo Province.

Research materials and methods. The research material is a limestone outcrop in Gorontalo

Province's southern part. The study area is a plateau (hills) has coordinates (0° 29' 25"-0° 30' 05" N
and 123° 2' 25" 123° 03' 00" E) (Figure 1).
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Figure 1. (A) The research location on the map of Gorontalo Province, (B) The research location is
in the Tanjung Kramat area, Gorontalo City

There are two research methods: field survey and laboratory analysis. There are two research
approaches: qualitative analysis and quantitative analysis. The description and interpretation of
limestone types, as well as suitable sampling for laboratory analysis, are the focus of field surveys.
Laboratory analysis is petrographic analysis performed in the Geo Optics laboratory. The
petrographic analysis stage begins with the formation of a thin section using the blocking method,
which serves to infiltrate the blue dye into the pores in order to distinguish the original rock pores
from the pores formed during preparation (Dickson, 1966; Crabtree et al, 1984). Petrographic
analysis was conducted with a Euromex 1053 binocular polarizing microscope equipped with a
computer-connected camera (Tetley & Daczko, 2013; Serge & Senthilkumar, 2017; Ofulume et al,
2018). Petrographic analysis is very useful in determining the mineral composition of the rock and
the kind of porosity, which allows the type of diagenesis to be determined. The interpretation of this
type of diagenesis will assist in determining the diagenesis environment of the limestone after it has
been formed or deposited (Maryanto, 2012; Arosi & Wilson, 2015).

Results. The results of a field survey conducted at the research site in the southern portion of
Gorontalo Province demonstrate the study's morphology in the form of limestone hills (Figure 2).
Petrological analysis of limestone samples reveals white rock with poorly sorted, open packed,
floating grains in the matrix and a massive structure. It is composed of coral fragments, quartz
minerals, micrite, and sparite. The limestone is known as Coralline floatstone based on petrological
analysis (Embry & Klovan, 1971).



The petrological analysis results were then compared to the petrographic analysis using a
polarizing microscope (Figure 3). The petrographic analysis revealed that the carbonate rock
incision was brown, the interference color was dark brown, with a particle size of 0.1 - >4 mm, an
abundance of material measuring > 2 mm, up to 11%, and the rock texture was based on the
relationship between the matrix's supported grains. There is a vuggy porosity with a 12 %
abundance. There are skeletal fragments in the form of coral fragments, non-skeletal grains in the
form of extraclase, non-carbonate grains in the form of volcanic lithic, quartz, plagioclase, and
pyroxene minerals, as well as micrite and sparite, according to its composition. The limestone
facies is known as Coralline floatstone (Embry & Klovan, 1971).

Detailed description of the rock composition, namely skeletal grain in the form of coral
fragments (11 percent): on the parallel nickel appearance (//) it is brown, has a porous shape, > 4
mm in size, high relief, no pleocroism is visible, and has a sort of translucent transparency. The
interference color varies in order Il in the appearance of crossed nickel (X). The fragments are
generally replaced by sparite (calcite) and the pores are filled with micrite as a result of
micritization.

Non-skeletal grain in the form of extraclase (3%): on the appearance of parallel nickel (/) is
colorless brownish, size 0.6 mm, high relief. In the appearance of cross-linked nickel (X) the
interference color varies in order of 2. Because it has been heavily crystalline, the texture cannot be
determined. It is considered an extraclase because it is more diegenic than other grains considered
to be of rock origin.

Non-carbonate grains consist of 1. Andesite lithic (2%): on the appearance of parallel nickel
(/) it is colorless brownish, on the appearance of nickel crossed (X) it has an interference color of
yellowish black, size 0.8 mm, porphyroafanitic texture, the composition in the form of plagioclase,
quartz with a base mass of glass material. 2. Quartz (2%): on the appearance of parallel nickel (//),
it is colorless, 0.1 mm in size, conchoidal shape, translucent, low relief, no pleochroism, no
fracture. On the appearance of crossed nickel (X), it has an interference color of order 1 gray, wavy
dark. 3. Plagioclase (2%): on the appearance of parallel nickel (/) colorless, 0.1 mm in size, long
prismatic shape, translucent, low relief, no pleochroism, one-way fracture. On the appearance of
crossed nickel (X), it has an interference color of order 1 gray, Carlsbad twinning, and the
darkening angle is 14-18°. 4. Clino-Pyroxene (2%): on the appearance of parallel nickel (//), it is
colorless brownish, 0.2 mm in size, short prismatic shape, translucent, low relief, no pleochroism,
no fracture observed. The appearance of crossed nickel (X) has an orange interference color of
order 2, the darkening angle is 20-22°.

The matrix consists of 1. Micrite (63%): on the appearance of parallel nickel (//), it is dark
brown-yellowish brown, mineral size < 0.1 mm, moderate relief, cleavage is not observed, no



pleocroism is visible, and has a type of translucent transparency. On the appearance of nickel
crossed (X), it has a golden brown color. 2. Sparite (15%): on the appearance of parallel nickel (//),
it is colorless, size 0.1 - 0.4 mm, moderate relief, fracture is not observed, bladed — equant shape,
blocky structure and meniscus. In the appearance of crossed nickel (X), it varies by the order of
two. It is composed of calcite. It is the result of pore filling, micrite recrystallization, or changing
the composition of the shell or coral.

55 ) ;
Figure 3. Petrographic analysis of rock samples showing the Coralline floatstone facies. Various
types of diagenesis occur in the Coralline floatstone facies. (A) and (C) parallel nikol, (B) and (D)
cross nikol

Discussion. Based on petrographic study, there are six different types of diagenesis processes
that can occur in Coralline floatstone samples. Microbial micritization, initial calcite cementation,
cementation, dissolution, neomorphism (inversion), and neomorphism (recrystallization) are the six
processes that occur during diagenesis (Figure 3).

Microbial micritization is this process that occurs in the marine environment, drilling activity
can be carried out by organisms such as endolithic fungi, bacteria and green algae or possibly red
algae. The grain micritization process is indicated by the process of replacing a number of skeleton
grains by cloudy brown micrite that coats the granules. The cementation process in carbonate
sediments is the main diagenetic process and occurs when the pore-fluid is supersaturated with the
cement phase and there are no kinetic factors that hinder cement precipitation. The dissolving
process requires a large volume of supersaturated water and is influenced by the selectivity of the
matrix, grain shape, grain size and skeleton properties. The neomorphism process consists of
inverse, recrystallization and coalescive neomorphism (aggrading/degrading neomorphism).
Inversion is the change of one mineral to a polymorph, for example polymorphic transformation of
aragonite to calcite, alteration of Mg calcite to calcite. While recrystallization is a change in crystal
size without a change in mineralogy, for example increasing/reducing the size of calcite crystals or
the replacement (replacement) of small calcite crystals by larger calcite crystals (Folk, 1965).

It is possible to determine the diagenetic environment of the limestone in the study area based
on petrographic analysis and diagenesis type determination using the classification (Longman,
1980), which includes three diagenesis environments: marine phreatic zone, meteoric phreatic zone,
and meteoric vadose zone. The reconstruction of the history of limestone diagenesis in the southern
part of Gorontalo Province is helped by the analysis of three diagenesis environments based on
diagenesis type. Table 1 shows the chronology or stages of limestone diagenesis in the research
area.



Table 1. Stages of the diagenesis process that occurred based on relative time in limestones in the
southern region of Gorontalo Province

Stages of the Diagenesis Process Marine Meteoric Meteoric
Phreatic Phreatic Vadose
Zone Zone Zone

Relative Time
Microbial Micritization
Initial Calcite Cementation
Cementation
Dissolution
Neomorphism (Inversion)
Neomorphism (Recrystallization)
Cement Structure Dominated by Blocky Structure
Cement Structure Dominated by Meniscus Structure
Vuggy Porosity

OOINO OB WN |-

meteoric marine protected shelf-margin basin
vadose vadose inner shelf

shallow to deep
burial environment

Figure 4. Environmental scheme of carbonate diagenesis in the Coralline floatstone facies in the
southern area of Gorontalo Province (Tucker & Wright, 1990)

According to Table 1, the study area's chronology or stages of limestone diagenesis can be
divided into three categories:

A. The early steps of the diagenesis process take place in the marine phreatic zone. The process
of microbial micritization and early calcite cementation characterize this stage. The major
dissolving product in the matrix is cementation.

B. In the meteoric phreatic zone, the diagenesis process progresses to the second stage. The
presence of a substantial dissolving process in the matrix and shell, with the matrix
dominating, characterizes this stage. There is also a neomorphism process that involves
inversion and recrystallization. Changes in shell composition or coral fragments into blocky
calcite indicate inversion. The process of nemorphism takes the form of recrystallization, as
seen by the transformation of micrite to blocky calcite. The bladed equant form dominates
the cement's morphology.

C. In the meteoric vadose zone, the diagenesis process reaches its third stage. The occurrence
of a disintegrating process characterizes this stage. Vuggy porosity is formed as a result of
this minor dissolving process. There was also a cementation process, as evidenced by the
existence of calcite cement pore filling with a meniscus structure. This is supported by the
rock's cementation dominance, as well as the presence of porosity due to extensive
dissolution (Figure 4).



Conclusion. Several important conclusions can be taken from the results and discussion of
facies analysis and limestone diagnosis studies in the southern portion of Gorontalo Province,
including:

1. Coralline floatstone is the limestone facies found in the southern half of Gorontalo Province.

2. Based on petrographic analysis, there are six different types of diagenesis processes that
occur in Coralline floatstone. Microbial micritization, initial calcite cementation,
cementation, dissolution, neomorphism (inversion), and neomorphism (inversion) are the six
diagenesis processes (recrystallization).

3. The limestone diagenetic environment in the study area consists of three diagenesis
environments, which begin with the diagenesis process in the marine phreatic zone, then turn
into the meteoric phreatic zone, and end in the diagenesis process in the meteoric vadose
zone.
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LIMESTONE FACIES AND DIAGENESIS ANALYSIS IN THE SOUTHERN OF
GORONTALO PROVINCE, INDONESIA

Abstract. Strong tectonic effects have influenced the complexity of the geological conditions in
the southern half of Gorontalo Province. The raising of limestone into hills, as seen today, is one
example. Furthermore, because it is located between the major volcanic and plutonic rocks, the
distribution of limestone in the study area is quite distinctive. Limestone research in the proposed
research area is done on a regional scale, therefore more in-depth research is required to gather the most
up-to-date geological data. For this reason, the goal of this research was to look at the facies and
diagenesis of limestones in the southern section of Indonesia's Gorontalo Province. Field surveys,
including megascopic study of limestone and rock samples, and petrographic analysis in the laboratory,
will be used to achieve the research objectives. The results revealed that the limestone facies in
Gorontalo Province's southern part is coralline floatstone. Based on petrographic analysis, there are six
different types of diagenesis processes that occur in coralline floatstone. The six processes of diagenesis
include microbial micritization, initial calcite cementation, cementation, dissolution, neomorphism
(inversion), and neomorphism (recrystallization). The research area's limestone diagenetic environment
comprises of three diagenesis environments: it begins with the diagenesis process in the marine phreatic
zone, then turn into the meteoric phreatic zone, and end with the diagenesis process in the meteoric
vadose zone.

Key words: Diagenesis, Facies, Gorontalo, Limestone
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U3BECTHAKOBBIE ®AIIUU U JUATEHE3UYECKUI AHAJIU3 HA IOTE
IMPOBUHIIMU I'OPOHTAJIO, UTHAOHE3USA

AOcTpakTHbIH. CUIbHBIE TEKTOHUUECKUE BO3ICUCTBUS MOBIUSUIM Ha CIOXHOCTh I'€0JIOTHUYECKHUX
YCIIOBUM B F0’KHO MOJIOBMHE NpOBUHLIMK ['opoHTano. [logHsATHE N3BECTHAKA B XOJIMbI, KAK MBI BUIUM
CEro/IHS, SIBIISIETCS OJHUM U3 TIpuMepoB. KpoMe Toro, nmocKoJIbKy OH PacioIOAKEH MEXTY OCHOBHBIMU
BYJKAHUYECKUMH M IUIyTOHUYECKUMHU TMOPOJAMH, paclpeleicHUe HU3BECTHSIKAa Ha HCCICAyeMOu
TEPPUTOPHH BeCbMa cBoeoOpa3Ho. MccienoBanus M3BECTHSIKA B MPEIaraéMoM paiioHe HCCIIeIOBaHUH
MPOBOJSITCS B PErHOHAIBHOM MacuiTade, O3TOMY HEOOXOIUMBI OoJiee TiTyOOKUE UCCIICIOBAHUS IS
cOopa caMBbIX COBPEMEHHBIX T€0JIOTHIECKUX NaHHBIX. [10 3TO mpudnHe IENbI0 JTAHHOTO UCCIEAOBaAHUS
OBLUIO M3yUYeHHE (alluii  TuareHe3a U3BECTHSIKOB B F0XKHOW YacTu poBUHIMH [ opoHTano B MunoHe3nu.
[ToneBwie wccme0BaHMS, BKIIIOUAs] MUKPOCKOTIMIECKOE HCCIICIOBAHNE 00pa3IiOB H3BECTHIKA U TOPHBIX
MOpOJI, a TaKXkKe MeTporpaduiueckuil aHaiu3 B 1abopaTopuu, OyIyT UCIOIB30BATHCS IS TOCTHKEHUS
neneil nuccneaoBanus. Pe3ynbrarel mokazand, dto (parus M3BECTHAKA B IOXKHOM YacTH MPOBUHITUU
I'opoHTano npencrasnser co00¥ MIaBydnii KOpaIOBBIA KaMeHb. OCHOBBIBAsICh HA METPOTPadUIECKOM
aHaJlu3e, CYIIECTBYET IIECTh PAa3JIMYHBIX THUIIOB MPOLECCOB JUAreHe3a, MPOUCXOIAIIUX B KOPaIJIOBOM
¢rnoarcroyne. lllectp mpormeccoB auareHe’a BKIIOYAIOT MHUKPOOHYI) MHUKPUTH3AINIO, HAYaAIBHYIO
LIEMCHTAIIMIO KaJbIUTa, IIEMEHTAIUI0, pPacTBOpeHUEe, HeoMop(hu3M (UHBEPCUIO) U HEOMOP(HU3M
(mepekpucTammu3anuio). Jnarenerndeckas o0CTaHOBKA M3BECTHSIKOB paioHa MCCIIEIOBAHUHA COCTOUT
13 TpeX TUAreHeTUYSCKUX CPel: OHa HAYMHACTCS C IPoIlecca TuareHe3a B MOpCKoi peaTrueckoli 30He,
3aTeM MEepPeXOJNT B METEOPUTHO-(ppeaTHUecKHuii TMOsAC W 3aKaHYWBAeTCsS NPOIECCOM [MareHesa B
METEOPUTHOM a3pallMOHHOM IOSCE.
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Introduction. Diagenesis refers to the physical and chemical changes that occur after a
sediment or sedimentary rock is deposited. It does not, however, contain metamorphism (Scholle
& Ulmer-Scholle, 2003), a process involving high temperatures and pressures. Diagenesis has
the ability to preserve information on the primary appearance, post-deposition history, pore water
composition, and temperature. The key controllers of diagenesis are the composition and
mineralogy of the sediments, the chemical composition of the pore fluids and the rate of fluid
flow, the geological history of the sediments in relation to burial, uplift and sea level change, the
influx of pore fluids and climatic differences (Tucker & Wright, 1990).

Changes from one diagenesis environment to another may occur multiple times in the
history of carbonate diagenesis. This can be determined using texture data that has been
preserved in order to determine the sequence of diagenesis (Longman, 1980). Changes can
occur in three main diagenesis environments: marine, meteoric, and burial, all of which have
predictable processes throughout geological history (Wright et al, 2003; James et al, 2005;
Wright & Cherns, 2008).

Carbonate rock diagenesis is comprised of six major processes: dissolution, cementation,
neomorphism, dolomitization, microbial micritization, and compaction. In this case, the
contributing variables are pressure, temperature, mineral stability, equilibrium conditions, rate
of water influx, time, and structural control (Tucker & Wright, 1990). Complex characteristics
influence diagenesis processes in carbonate deposits such as micritization, dissolution,
compaction, cementation, dolomitization, and recrystallization. These criteria include primary
mineralogy, depositional texture, porosity and permeability, pore water chemistry, oil
saturation, and sedimentary basin tectonic development (Machent et al, 2007; Morad et al, 2012;
Armelenti et al, 2016; Li et al, 2017; Seibel & James, 2017).

The complexity of these controlling parameters makes perfect modeling of the role of
diagenesis on the distribution and evolutionary pathways of reservoir quality in carbonate
succession fraught with difficulties. The chemistry of the pore water in particular, which has
the primary control over the diagenesis reaction, may vary widely. In near-surface conditions,
diagenesis takes place in marine, meteoric, brackish, and hypersaline brines (Morad et al, 2012:
2019; James & Jones, 2015; Swart, 2015).

The regional stratigraphy of Gorontalo Province's southern part refers to a geological map
of Tilamuta sheets on a scale of 1. 250,000 (Bachri et al, 1997) composed of several rock
formations. In regional stratigraphic order, the oldest formation is the Tinombo Formation
consisting of: basalt lava, andesitic lava, volcanic breccia, with intercalated sandstone, green
sandstone, siltstone, red limestone, gray limestone, and a small amount of thermally recovered
rock. The age of this rock unit is estimated to be between the Eocene and the Early Miocene.
Above it, the Middle Miocene Bilungala VVolcano Formation was created, consisting of volcanic
breccia, tuff, and lava. The color of this lithology ranges from gray to dark gray. The Diorite
Bone Formation, which includes diorite, quartz diorite, granodiorite, and adamelite, is estimated
to be Middle Miocene in age. The Tinombo and Bilungala VVolcano Formations were both cut
through by this unit. Aside from that, there are variations in the composition of quartz diorite,
granodiorite, and adamelite, with the main components being andesine, quartz, and hornblende.
The Pinogu Volcano Formation, which is estimated to be of Pliocene-Plistocene age, is not
aligned. This formation consists of tuff, lapilli tuff, breccia, and lava. Volcanic breccias can be
found in the Bone Mountains, Mount Mongadalia, and Pusian (Apandi & Bachri, 1997). The



Reef Limestone Unit, which was formed unconformably in the Late Pleistocene-Holocene age,
is the youngest formation. It is white and solid. This unit has been elevated into hills, while
others are still developing beneath the water. The uplift of numerous limestone facies in the
Limboto Basin reaches 0.0699-0.0724 mml/year, demonstrating the tectonic influence of
limestone uplift (Apandi & Bachri, 1997; Permana et al, 2019; 2021). Based on the preceding,
the primary goal of this research is to investigate the facies and diagenesis of limestones in the
southern region of Gorontalo Province.
Research materials and methods. The research material is a limestone outcrop in
Gorontalo Province's southern part. The study area is a plateau (hills) has coordinates (0° 29' 25"-
0° 30" 05" N and 123° 2' 25" 123° 03' 00" E) (Figure 1).
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Figure 1. (A) The research location on the map of Gorontalo Province, (B) The research
location is in the Tanjung Kramat area, Gorontalo City

There are two research methods: field survey and laboratory analysis. There are two research
approaches: qualitative analysis and quantitative analysis. The description and interpretation of
limestone types, as well as suitable sampling for laboratory analysis, are the focus of field surveys.
Laboratory analysis is petrographic analysis performed in the Geo Optics laboratory. The
petrographic analysis stage begins with the formation of a thin section using the blocking method,
which serves to infiltrate the blue dye into the pores in order to distinguish the original rock pores
from the pores formed during preparation (Dickson, 1966; Crabtree et al, 1984). Petrographic
analysis was conducted with a Euromex 1053 binocular polarizing microscope equipped with a
computer-connected camera (Tetley & Daczko, 2013; Serge & Senthilkumar, 2017; Ofulume et
al, 2018). Petrographic analysis is very useful in determining the mineral composition of the rock
and the kind of porosity, which allows the type of diagenesis to be determined. The interpretation
of this type of diagenesis will assist in determining the diagenesis environment of the limestone
after it has been formed or deposited (Maryanto, 2012; Arosi & Wilson, 2015).



Results. The results of a field survey conducted at the research site in the southern portion of
Gorontalo Province demonstrate the study's morphology in the form of limestone hills (Figure 2).
Petrological analysis of limestone samples reveals white rock with poorly sorted, open packed,
floating grains in the matrix and a massive structure. It is composed of coral fragments, quartz
minerals, micrite, and sparite. The limestone is known as Coralline floatstone based on
petrological analysis (Embry & Klovan, 1971).

Figure 2. Coral limestone outcrops located in the hills of the southern part of Gorontalo
Province

The petrological analysis results were then compared to the petrographic analysis using a
polarizing microscope (Figure 3). The petrographic analysis revealed that the carbonate rock
incision was brown, the interference color was dark brown, with a particle size of 0.1 - > 4 mm,
an abundance of material measuring > 2 mm, up to 11%, and the rock texture was based on the
relationship between the matrix's supported grains. There is a vuggy porosity with a 12 %
abundance. There are skeletal fragments in the form of coral fragments, non-skeletal grains in the
form of extraclase, non-carbonate grains in the form of volcanic lithic, quartz, plagioclase, and
pyroxene minerals, as well as micrite and sparite, according to its composition. The limestone
facies is known as Coralline floatstone (Embry & Klovan, 1971).

Detailed description of the rock composition, namely skeletal grain in the form of coral
fragments (11 percent): on the parallel nickel appearance (//) it is brown, has a porous shape, > 4
mm in size, high relief, no pleocroism is visible, and has a sort of translucent transparency. The
interference color varies in order Il in the appearance of crossed nickel (X). The fragments are
generally replaced by sparite (calcite) and the pores are filled with micrite as a result of
micritization.

Non-skeletal grain in the form of extraclase (3%): on the appearance of parallel nickel (/) is
colorless brownish, size 0.6 mm, high relief. In the appearance of cross-linked nickel (X) the
interference color varies in order of 2. Because it has been heavily crystalline, the texture cannot
be determined. It is considered an extraclase because it is more diegenic than other grains
considered to be of rock origin.



Non-carbonate grains consist of 1. Andesite lithic (2%): on the appearance of parallel nickel
(//) itis colorless brownish, on the appearance of nickel crossed (X) it has an interference color of
yellowish black, size 0.8 mm, porphyroafanitic texture, the composition in the form of plagioclase,
quartz with a base mass of glass material. 2. Quartz (2%): on the appearance of parallel nickel (//),
it is colorless, 0.1 mm in size, conchoidal shape, translucent, low relief, no pleochroism, no
fracture. On the appearance of crossed nickel (X), it has an interference color of order 1 gray,
wavy dark. 3. Plagioclase (2%): on the appearance of parallel nickel (/) colorless, 0.1 mm in size,
long prismatic shape, translucent, low relief, no pleochroism, one-way fracture. On the appearance
of crossed nickel (X), it has an interference color of order 1 gray, Carlshad twinning, and the
darkening angle is 14-18°. 4. Clino-Pyroxene (2%): on the appearance of parallel nickel (//), it is
colorless brownish, 0.2 mm in size, short prismatic shape, translucent, low relief, no pleochroism,
no fracture observed. The appearance of crossed nickel (X) has an orange interference color of
order 2, the darkening angle is 20-22°.

The matrix consists of 1. Micrite (63%): on the appearance of parallel nickel (//), it is dark
brown-yellowish brown, mineral size < 0.1 mm, moderate relief, cleavage is not observed, no
pleocroism is visible, and has a type of translucent transparency. On the appearance of nickel
crossed (X), it has a golden brown color. 2. Sparite (15%): on the appearance of parallel nickel
(/), it is colorless, size 0.1 - 0.4 mm, moderate relief, fracture is not observed, bladed — equant
shape, blocky structure and meniscus. In the appearance of crossed nickel (X), it varies by the
order of two. It is composed of calcite. It is the result of pore filling, micrite recrystallization, or
changing the composition of the shell or coral.

Figure 3. Petrographic analysis of rock samples showing the Coralline floatstone facies. Various
types of diagenesis occur in the Coralline floatstone facies. (A) and (C) parallel nikol, (B) and
(D) cross nikol

Discussion. Based on petrographic study, there are six different types of diagenesis processes
that can occur in Coralline floatstone samples. Microbial micritization, initial calcite cementation,



cementation, dissolution, neomorphism (inversion), and neomorphism (recrystallization) are the
six processes that occur during diagenesis (Figure 3).

Microbial micritization is this process that occurs in the marine environment, drilling activity
can be carried out by organisms such as endolithic fungi, bacteria and green algae or possibly red
algae. The grain micritization process is indicated by the process of replacing a number of skeleton
grains by cloudy brown micrite that coats the granules. The cementation process in carbonate
sediments is the main diagenetic process and occurs when the pore-fluid is supersaturated with
the cement phase and there are no kinetic factors that hinder cement precipitation. The dissolving
process requires a large volume of supersaturated water and is influenced by the selectivity of the
matrix, grain shape, grain size and skeleton properties. The neomorphism process consists of
inverse, recrystallization and coalescive neomorphism (aggrading/degrading neomorphism).
Inversion is the change of one mineral to a polymorph, for example polymorphic transformation
of aragonite to calcite, alteration of Mg calcite to calcite. While recrystallization is a change in
crystal size without a change in mineralogy, for example increasing/reducing the size of calcite
crystals or the replacement (replacement) of small calcite crystals by larger calcite crystals (Folk,
1965).

It is possible to determine the diagenetic environment of the limestone in the study area based
on petrographic analysis and diagenesis type determination using the classification (Longman,
1980), which includes three diagenesis environments: marine phreatic zone, meteoric phreatic
zone, and meteoric vadose zone. The reconstruction of the history of limestone diagenesis in the
southern part of Gorontalo Province is helped by the analysis of three diagenesis environments
based on diagenesis type. Table 1 shows the chronology or stages of limestone diagenesis in the
research area.

Table 1. Stages of the diagenesis process that occurred based on relative time in limestones in
the southern region of Gorontalo Province

Stages of the Diagenesis Process Marine Meteoric Meteoric
Phreatic Phreatic Vadose
Zone Zone Zone

Relative Time
Microbial Micritization
Initial Calcite Cementation
Cementation
Dissolution
Neomorphism (Inversion)
Neomorphism (Recrystallization)
Cement Structure Dominated by Blocky Structure
Cement Structure Dominated by Meniscus Structure
Vuggy Porosity
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Figure 4. Environmental scheme of carbonate diagenesis in the Coralline floatstone facies in
the southern area of Gorontalo Province (Tucker & Wright, 1990)

According to Table 1, the study area's chronology or stages of limestone diagenesis can be
divided into three categories:

A. The early steps of the diagenesis process take place in the marine phreatic zone. The
process of microbial micritization and early calcite cementation characterize this stage.
The major dissolving product in the matrix is cementation.

B. In the meteoric phreatic zone, the diagenesis process progresses to the second stage. The
presence of a substantial dissolving process in the matrix and shell, with the matrix
dominating, characterizes this stage. There is also a neomorphism process that involves
inversion and recrystallization. Changes in shell composition or coral fragments into
blocky calcite indicate inversion. The process of nemorphism takes the form of
recrystallization, as seen by the transformation of micrite to blocky calcite. The bladed
equant form dominates the cement's morphology.

C. Inthe meteoric vadose zone, the diagenesis process reaches its third stage. The occurrence
of a disintegrating process characterizes this stage. Vuggy porosity is formed as a result of
this minor dissolving process. There was also a cementation process, as evidenced by the
existence of calcite cement pore filling with a meniscus structure. This is supported by the
rock's cementation dominance, as well as the presence of porosity due to extensive
dissolution (Figure 4).

Conclusion. Several important conclusions can be taken from the results and discussion of
facies analysis and limestone diagnosis studies in the southern portion of Gorontalo Province,
including:

1. Coralline floatstone is the limestone facies found in the southern half of Gorontalo Province.

2. Based on petrographic analysis, there are six different types of diagenesis processes that

occur in Coralline floatstone. Microbial micritization, initial calcite cementation,
cementation, dissolution, neomorphism (inversion), and neomorphism (inversion) are the
six diagenesis processes (recrystallization).

3. The limestone diagenetic environment in the study area consists of three diagenesis

environments, which begin with the diagenesis process in the marine phreatic zone, then



turn into the meteoric phreatic zone, and end in the diagenesis process in the meteoric
vadose zone.
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LIMESTONE FACIES AND DIAGENESIS ANALYSIS IN THE SOUTHERN OF
GORONTALO PROVINCE, INDONESIA

Abstract. Strong tectonic effects have influenced the complexity of the geological conditions in the
southern half of Gorontalo Province, Indonesia. As seen today, the raising of limestone into hills is one
example. Furthermore, because it is located between the major volcanic and plutonic rocks, the distribution
of limestone in the study area is quite distinctive. Most of the research related to limestone in the research
area have only been conducted on a regional scale, therefore, a more in-depth analysis is required to gather
the most up-to-date geological data. For this reason, this research aimed to look at the facies and diagenesis
of limestones in the southern section of Indonesia's Gorontalo Province. Field surveys will be used to
achieve the research objectives, including a megascopic study of limestone and petrographic analysis in the
laboratory. The results revealed that Gorontalo Province's southern part's limestone facies are coralline
floatstone. Based on the petrographic analysis, six different diagenesis processes occur in coralline
floatstone. The six diagenesis processes include microbial micritization, initial calcite cementation,
cementation, dissolution, neomorphism (inversion), and neomorphism (recrystallization). The research
area's limestone diagenetic environment comprises three diagenesis environments: it begins with the
diagenesis process in the marine phreatic zone, then turns into the meteoric phreatic zone, and ends with
the diagenesis process in the meteoric vadose zone.

Keywords: Diagenesis, Facies, Gorontalo, Limestone

A.IL Iepmana®’, C.C. Dpaky?, P.Xyraranynr®, JI.P. Hca*

L3 eonorusbik nHKXeHepUAHBI 3epTTey Oaraapiamachl, JKep Typasibl FRUIBIM KOHE TEXHOIOTUS
nenapramenTi, Herepu I'oponTano yuusepcurerti, 'oponTano, unonesus
’T"eorpacus 6iniMin 3epTTey Garmapnamackl, Kep Typanbl FBUIBIM 5KOHE TEXHOIOTHS
nenapramenTi, Herepu ['oponTano ynusepcurerti, I'oponTano, Manonesus
“MarematuKka xoHe kapaTblUibicTany dakynsTeti, Herepu I'oponTano yuusepcureri, [oponTaso,
Nunone3ns
KoppecnonaenT aBropsl: aang@ung.ac.id

NHAOHE3USA, TOPOHTAJIO IPABUHIUACBIHBIH OHTYCTII'THAEI'T OKTACTbI
DPACUAJJIAP ) KOHE JTUATEHE3I3II TAJIJIAY

Annortanus. Kymri rekrorukansik acepiiep MHnoHe3usHbIH ['0poHTaI0 MPOBUHIMSICHIHBIH OHTYCTIK
JKapTHICHIHAAFHI TEOOTHSUTBIK JKaFIaiIapblH KYPACIiIirine ocep eTTi. byriHri KyHI KepiHIIl TYpFaHaai,
OKTacThIH Tebere keTepinyi Oip Mbican. CoOHbIMEH KaTap, OJ HETi3ri jKaHapTayJblK *OHE IUIYTOHIBIK
KBIHBICTAp/IbIH apachlHa OpPHAIACKAHABIKTAH, 3ePTTEJETiH aiiMaKTaFrbl OKTACTHIH Tapallybl alTapIIbIKTal
epekieneHei. 3epTTey aliMarbIHJaFbl 9KTACKa KaTHICTHI 3ePTTEYJIEP IiH KOIIIIIIT TeK allMaKThIK ayKbIMIa
JKYPTi3iii, COHOBIKTaH €H ©3€KTi TeOJIOTHSIIBIK JAePeKTep i )KIHAY YIIiH TepeHipek Tanmay Kaxer. Ochl
cebenri Oy 3eprrey MHIOHE3USHBIH ['OpOHTANO MPOBUHIIUSACHIHBIH OHTYCTIK OOJIriHIEri oKTacTapiblH
danusamapsl MEH TUAreHe3iH 3epTTEyAl MakcaT eTTi. 3epTxXaHanga oKTacTapAbl METACKOMHSIIBIK 3€PTTEY
KOHE MEeTporpadUsUIbIK TalfayAbl KOoca aifaHnia, 3epTTey MaKcaTTapblHa KOJ JKETKi3y YIUIH JanajibIK
3eprTeynep KoimaHepliansl. Hormwxkenep ['opoHTanmo TPOBUHITUSACHIHBIH OHTYCTIK OOJITIHACTI OKTAac
¢daumsnapel MapkaHabl (IOTTa eKeHiH aHbIKTaabl. llerporpadusiblk Tangay HerisiHae KOpaJuIMH
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¢dmoarcra anTel TYpAl JWAreHe3 Iporeci JKypemi. ANTBH auareHe3 MpOIECTepiHe MHUKPOOTHIK
MUKPOTH3AIHS, KAIBIUTTIH 0acTamkel EMEHTTeNyi, [IeMEHTTeNyi, epyi, HeoMopdu3M (MHBEpCHUS) KOHE
HeoOMOppU3M (KaliTa KpUCTAIAAHy) KaTajbl. 3epTTey aiMarblHBIH OKTAac JHAare€HETUKAIBIK OpPTachl YII
JIMareHe3 OpTachlHAaH TYPAJbl: OJ TeHi3 (peaThKanblK aiiMarblHIa TUareHe3 NpoLeciHeH 0acTabll, KeiiH
METEOPJIBIK (ppeaTHKAIBIK aiMaKKa aifHaIa bl )KOHE METEOPIIBIK Ba03a aiMarblHAa JrareHe3 MmporeciMex
asIKTaJazpl.

Heri3ri ce3nep : J{uarenes, ®anus, ['oponTano, OKrac
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2yqe6GHas mporpaMma o reorpadum, GpaKyabTeT HAyK 0 3eMiIe U TEXHOIOTHH, Y HUBEPCHUTET
Herepu I'oponTano, I'oponrano, Uagonesus
“dakynpTeT MaTeMAaTHKH M eCTECTBEHHBIX HayK, YHuBepcuteT Herepu I"oponTano, 'oponTano,
Wunonesus
ABTOp, OTBETCTBEHHBIH 3a MepenucKy: aang@ung.ac.id

N3BECTHAKOBBIE ®ALIUU U TUATEHE3UYECKN AHAJIN3 HA IOTE
IMPOBUHIIUU I'OPOHTAJIO, UTHAOHE3UA

AocTpakTHbIii. CHWIBHBIC TEKTOHHMYECKHE 3(P(EKTHl TMOBJIMSIA Ha CIOXKHOCTH T€OJOTHIECKHX
yCJIOBUM B I0KHON monoBuHE npoBuHIMH [opontano, Mumonesws. Kak BUIHO cerojmHs, MOIHATHE
W3BECTHSKA B XOJIMBI SIBJISIETCS OJHHMM U3 npuMepoB. KpoMe TOro, mockojpKy OH PacHoJIOKEH MEXKIY
OCHOBHBIMHM BYJIKAHUYECKHUMHU M IUIyTOHHYECKUMHU TMOPOJaMH, paclpe/ieicHUe U3BECTHSAKA Ha
HCCIIeTyeMOH TepPUTOPUH BECbMa CBOe0Opa3HO. bombIIMHCTBO HcciIeT0BaHMil, CBA3aHHBIX C W3BECTHAKOM
B paiioHe UCCIIeJI0BaHUMN, TIPOBOIMINCH TOJIBKO B PErHMOHAIILHOM MaciTade, o3TOMY i cOopa caMbIX
COBPEMEHHBIX TEOJIOTHYCCKHUX MaHHBIX TpeOyercs Oonee riayOokmii anHanu3. Ilo 3ToW mpudmHE 3TO
UCCIICJIOBaHNE OBUIO HANpaBJICHO Ha W3y4YeHHe (anuil W auarcHe3a HM3BECTHSIKOB B FOXKHOM dYacTw
npoBuHIMU ['opoHTanmo B Mumoneswn. [[ns mocTmwkeHWs menel WCCIeNOBaHHS OYIyT HCIIOTH30BaHbI
MOJICBBIC WCCIICOBAHHS, B TOM YHCIE MEracKONMWYECKOEe M3yYeHUE M3BECTHSKA U TETpOrpauuecKuid
aHanu3 B Jlaboparopuu. Pe3ynbraThl MMOKa3ajd, YTO W3BECTHSKOBBIC (pallMy FOXKHOW 4acTH MPOBHUHIIUU
Tl'oponTano npencraBisrOT coOOW IUIaBy4Hid KOpPaJJIOBBINH KamMeHb. Ha ocHOBaHMM TeTporpaduveckoro
aHajM3a B KOPAaUIOBOM ()IOATCTOYHE IMPOUCXOIAT INECTh Pa3IMYHBIX IpolleccoB auareHesa. lllects
MPOIECCOB JUareHe3a BKIIOYAIOT MUKPOOHYI0 MHKPHUTH3ALAIO0, HAYAIBHYH) I[IEMEHTAIUI0 KalbIUTa,
[IEMEHTAIINIO, pPacTBOpeHUE, HeoMop(pusM (MHBEPCUIO) M HEOMOPPU3M  (MEPEKPHUCTAIIN3AIIUIO).
Juarenerndeckass oOCTaHOBKa HW3BECTHAKOB paiioHa HWCCIIEJOBAHHWN BKJIOYAE€T TPU JUAreHETHYECKHE
00CTaHOBKH: OHA HAUYMHAETCS C MpoIlecca AuareHe3a B MOPCKO# (ppeaTndeckoit 30He, 3aTeM NePEXOIUT B
METEOPUTHO-PPEaTHIECKUH TOSIC U 3aKaHYNBAETCS MPOIIECCOM JTHareHe3a B METEOPUTHOM adpariHOHHOM
nosice.

KuaroueBrble ciioBa: auarenes, Gpaius, ropoOHTANO, U3BECTHSK.

Introduction. Diagenesis refers to the physical and chemical changes after sediment, or
sedimentary rock is deposited. It does not contain metamorphism (Scholle & Ulmer-Scholle, 2003),
a process involving high temperatures and pressures. Diagenesis can preserve information on the
primary appearance, post-deposition history, pore water composition, and temperature. The key
controllers of diagenesis are the composition and mineralogy of the sediments, the chemical
composition of the pore fluids and the rate of fluid flow, the geological history of the deposits
concerning burial, uplift and sea level change, the influx of pore fluids and climatic differences
(Tucker & Wright, 1990).

Changes from one diagenesis environment to another may occur multiple times in the history

of carbonate diagenesis. This can be determined using texture data that has been preserved to
determine the sequence of diagenesis (Longman, 1980). Changes can occur in three main
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diagenesis environments: marine, meteoric, and burial, all of which have predictable processes
throughout geological history (Wright et al., 2003; James et al., 2005; Wright & Cherns, 2008).

Carbonate rock diagenesis comprises six major processes: dissolution, cementation,
neomorphism, dolomitization, microbial micritization, and compaction. In this case, the
contributing variables are pressure, temperature, mineral stability, equilibrium conditions, water
influx rate, time, and structural control (Tucker & Wright, 1990). Complex characteristics
influence diagenesis processes in carbonate deposits, such as micritization, dissolution,
compaction, cementation, dolomitization, and recrystallization. These criteria include primary
mineralogy, depositional texture, porosity and permeability, pore water chemistry, oil saturation,
and sedimentary basin tectonic development (Machent et al., 2007; Morad et al., 2012; Armelenti
etal., 2016; Li et al., 2017; Seibel & James, 2017).

The chemistry of the pore water, which has the primary control over the diagenesis reaction,
may vary widely. In near-surface conditions, diagenesis occurs in marine, meteoric, brackish, and
hypersaline brines (Morad et al., 2012: 2019; James & Jones, 2015; Swart, 2015). The complexity
of these controlling parameters makes perfect modeling of the role of diagenesis on the distribution
and evolutionary pathways of reservoir quality in carbonate succession fraught with difficulties.

The regional stratigraphy of Gorontalo Province's southern part refers to a geological map of
Tilamuta sheets on a scale of 1: 250,000 (Bachri et al., 1997) composed of several rock formations.
In regional stratigraphic order, the oldest formation is the Tinombo Formation consisting of basalt
lava, andesitic lava, volcanic breccia, intercalated sandstone, green sandstone, siltstone, red
limestone, gray limestone, and a small amount of thermally recovered rock. The age of this rock
unit is estimated to be between the Eocene and the Early Miocene. Above it, the Middle Miocene
Bilungala VVolcano Formation was created, consisting of volcanic breccia, tuff, and lava. The color
of this lithology ranges from gray to dark gray. The Diorite Bone Formation, which includes
diorite, quartz diorite, granodiorite, and adamelite, is estimated to be Middle Miocene in age. The
Tinombo and Bilungala Volcano Formations were both cut through by this unit. Aside from that,
there are variations in the composition of quartz diorite, granodiorite, and adamelite, with the main
components being andesine, quartz, and hornblende. The Pinogu Volcano Formation, estimated to
be of Pliocene-Pleistocene age, is not aligned. This formation consists of tuff, lapilli tuff, breccia,
and lava. Volcanic breccias can be found in the Bone Mountains, Mount Mongadalia, and Pusian
(Apandi & Bachri, 1997). The Reef Limestone Unit, formed unconformably in the Late
Pleistocene-Holocene age, is the youngest formation. It is white and solid. This unit has been
elevated into hills, while others are still developing beneath the water. The uplift of numerous
limestone facies in the Limboto Basin reaches 0.0699-0.0724 mm/year, demonstrating the tectonic
influence of limestone uplift (Apandi & Bachri, 1997; Permana et al., 2019; 2021). Based on the
preceding, the primary goal of this research is to investigate the facies and diagenesis of limestones
in the southern region of Gorontalo Province.

Research materials and methods. The research material is a limestone outcrop in Gorontalo
Province's southern part. The study area is a plateau (hills) has coordinates (0° 29' 25"-0° 30" 05" N
and 123° 2' 25" 123° 03' 00" E) (Figure 1).
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Figure 1. (A) The research location on the map of Gorontalo Province, (B) The research location is
in the Tanjung Kramat area, Gorontalo City

A field survey and laboratory analysis was performed in this study. The focus of field surveys
is the description and interpretation of limestone types and suitable sampling for laboratory analysis.
The petrographic analysis is performed in the Geo Optics laboratory. The petrographic analysis stage
begins with forming a thin section using the blocking method, which infiltrates the blue dye into the
pores to distinguish the original rock pores from those formed during preparation (Dickson, 1966;
Crabtree et al., 1984). Petrographic analysis was conducted with a Euromex 1053 binocular polarizing
microscope equipped with a computer-connected camera (Tetley & Daczko, 2013; Serge &
Senthilkumar, 2017; Ofulume et al., 2018). A petrographic analysis is very useful in determining the
mineral composition of the rock and the kind of porosity, which allows the type of diagenesis to be
determined. The interpretation of this type of diagenesis will assist in determining the diagenesis
environment of the limestone after it has been formed or deposited (Maryanto, 2012; Arosi & Wilson,
2015).

Results and Discussion. A. Facies. The results of a field survey conducted at the research site
in the southern portion of Gorontalo Province demonstrate the study's morphology in the form of
limestone hills (Figure 2). Petrological analysis of limestone samples reveals white rock with poorly
sorted, open-packed, floating grains in the matrix and a massive structure. The limestone is known as
Coralline floatstone based on petrological analysis (Embry & Klovan, 1971). It contains coral
fragments, quartz minerals, micrite, and sparite.



Figure 2. Coral limestone outcrops located in the hills of the southern part of Gorontalo Province

The petrological analysis results were then compared to the petrographic analysis using a
polarizing microscope (Figure 3). The petrographic analysis revealed that the carbonate rock incision
was brown, the interference color was dark brown, with a particle size of 0.1 - > 4 mm, an abundance
of material measuring > 2 mm, up to 11%, and the rock texture was based on the relationship between
the matrix's supported grains. There is a vuggy porosity with a 12 % abundance. There are skeletal
fragments in the form of coral fragments, non-skeletal grains in the form of extraclase, non-carbonate
grains in the form of volcanic lithic, quartz, plagioclase, and pyroxene minerals, as well as micrite
and sparite, according to its composition. The limestone facies is known as Coralline floatstone
(Embry & Klovan, 1971).

A detailed description of the rock composition, namely skeletal grain in the form of coral
fragments (11 percent): on the parallel nickel appearance (//) it is brown, has a porous shape, >4 mm
in size, high relief, no pleocroism is visible, and has a sort of translucent transparency. The fragments
are generally replaced by sparite (calcite), and the pores are filled with micrite due to micritization.
The interference color varies in order Il in the appearance of crossed nickel (X).

Non-skeletal grain in the form of extraclase (3%): on the appearance of parallel nickel (//) is
colorless brownish, size 0.6 mm, high relief. In the appearance of cross-linked nickel (X), the
interference color varies in order of 2. Because it has been heavily crystalline, the texture cannot be
determined. It is considered an extraclase because it is more diegenic than other grains of rock origin.

Non-carbonate grains consist of 1. Andesite lithic (2%): on the appearance of parallel nickel (//),
it is colorless brownish, on the appearance of nickel crossed (X), it has an interference color of
yellowish black, size 0.8 mm, porphyroafanitic texture, the composition in the form of plagioclase,
quartz with a base mass of glass material. 2. Quartz (2%): on the appearance of parallel nickel (//), it
is colorless, 0.1 mm in size, conchoidal shape, translucent, low relief, no pleochroism, and no
fracture. On the appearance of crossed nickel (X), it has an interference color of order 1 gray, wavy
dark. 3. Plagioclase (2%): on the appearance of parallel nickel (/) colorless, 0.1 mm in size, a long
prismatic shape, translucent, low relief, no pleochroism, one-way fracture. On the appearance of
crossed nickel (X), it has an interference color of order 1 gray, Carlsbad twinning, and the darkening
angle is 14-18°. 4. Clino-Pyroxene (2%): on the appearance of parallel nickel (//), it is colorless
brownish, 0.2 mm in size, a short prismatic shape, translucent, low relief, no pleochroism, and no
fracture observed. The crossed nickel (X) appearance has an orange interference color of order 2, and
the darkening angle is 20-22°.

The matrix consists of 1. Micrite (63%): on the appearance of parallel nickel (//), it is dark
brown-yellowish brown, mineral size < 0.1 mm, moderate relief, cleavage is not observed, no
pleocroism is visible, and has a type of translucent transparency. On the appearance of nickel crossed
(X), it has a golden brown color. 2. Sparite (15%): on the appearance of parallel nickel (//), it is



colorless, size 0.1 - 0.4 mm, moderate relief, a fracture is not observed, bladed — equant shape, blocky
structure, and meniscus. The appearance of crossed nickel (X) varies by order of two. It is composed
of calcite. It results from pore filling, micrite recrystallization, or changing the composition of the
shell or coral.

Figure 3. Petrographic analysis of rock samples showing the Coralline floatstone facies. Various
types of diagenesis occur in the Coralline floatstone facies. (A) and (C) parallel nikol, (B) and (D)
cross nikol

B. Diagenesis. Based on the petrographic study, six different diagenesis processes can occur in
Coralline floatstone samples. Microbial micritization, initial calcite cementation, cementation,
dissolution, neomorphism (inversion), and neomorphism (recrystallization) are the six processes that
occur during diagenesis (Figure 3).

Microbial micritization is this process that occurs in the marine environment, and drilling
activity can be carried out by organisms such as endolithic fungi, bacteria, and green algae or possibly
red algae. The grain micritization process is indicated by replacing several skeleton grains with
cloudy brown micrite that coats the granules. The cementation process in carbonate sediments is the
main diagenetic process. It occurs when the pore-fluid is supersaturated with the cement phase, and
there are no kinetic factors that hinder cement precipitation. The dissolving process requires a large
volume of supersaturated water and is influenced by the selectivity of the matrix, grain shape, grain
size, and skeleton properties. The neomorphism process consists of inverse, recrystallization, and
coalescive neomorphism (aggrading/degrading neomorphism). Inversion is the change of one
mineral to a polymorph, for example, the polymorphic transformation of aragonite to calcite and
alteration of Mg calcite to calcite. While recrystallization is a change in crystal size without a change
in mineralogy, for example, increasing/reducing the size of calcite crystals or the replacement
(replacement) of tiny calcite crystals by larger calcite crystals (Folk, 1965).

It is possible to determine the diagenetic environment of the limestone in the study area based
on petrographic analysis and diagenesis type determination using the classification (Longman, 1980),
which includes three diagenesis environments: marine phreatic zone, meteoric phreatic zone, and
meteoric vadose zone. The reconstruction of the history of limestone diagenesis in the southern part
of Gorontalo Province is helped by the analysis of three diagenesis environments based on diagenesis
type. Table 1 shows the research area's chronology or stages of limestone diagenesis.



Table 1. Stages of the diagenesis process that occurred based on relative time in limestones in the
southern region of Gorontalo Province

Stages of the Diagenesis Process Marine Meteoric Meteoric
Phreatic Phreatic Vadose
Zone Zone Zone

Relative Time
Microbial Micritization
Initial Calcite Cementation
Cementation
Dissolution
Neomorphism (Inversion)
Neomorphism (Recrystallization)
Cement Structure Dominated by Blocky Structure
Cement Structure Dominated by Meniscus Structure
Vuggy Porosity
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Figure 4. Environmental scheme of carbonate diagenesis in the Coralline floatstone facies in the
southern area of Gorontalo Province (Tucker & Wright, 1990)

According to Table 1, the study area's chronology or stages of limestone diagenesis can be
divided into three categories:

A. The major dissolving product in the matrix is cementation. The early steps of the diagenesis
process take place in the marine phreatic zone. The process of microbial micritization and
early calcite cementation characterize this stage.

B. The diagenesis process progresses to the second stage in the meteoric phreatic zone. The
presence of a substantial dissolving process in the matrix and shell, with the matrix
dominating, characterizes this stage. There is also a neomorphism process that involves
inversion and recrystallization. Changes in shell composition or coral fragments into blocky
calcite indicate an inversion. The process of nemorphism takes the form of recrystallization,
as seen by the transformation of micrite to blocky calcite. The bladed equant form dominates
the cement's morphology.

C. Inthe meteoric vadose zone, the diagenesis process reaches its third stage. The occurrence of
a disintegrating process characterizes this stage. Vuggy porosity is formed as a result of this
minor dissolving process. There was also a cementation process, as evidenced by the
existence of a calcite cement pore filling with a meniscus structure. This is supported by the
rock's cementation dominance and the presence of porosity due to extensive dissolution
(Figure 4).

Conclusion.
Several important conclusions can be taken from the results and discussion of facies analysis and
limestone diagnosis studies in the southern portion of Gorontalo Province, including:



1. Coralline floatstone is the limestone facies found in the southern half of Gorontalo Province.

2. Based on the petrographic analysis, six different types of diagenesis processes occur in
Coralline floatstone. Microbial micritization, initial calcite cementation, cementation,
dissolution, neomorphism (inversion), and neomorphism (inversion) are the six diagenesis
processes (recrystallization).

3. The limestone diagenetic environment in the study area consists of three diagenesis
environments, which begin with the diagenesis process in the marine phreatic zone, then turn
into the meteoric phreatic zone, and end in the diagenesis process in the meteoric vadose zone.
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Acceptance of Revised Decisions from Two Reviewers for
Publication

Eksternal

Kotak Masuk

Aang Panji Permana <aang@ung.ac.id> Rab, 14 Sep
10.59
kepada Akagemus

Dear Editors,

We submit the final manuscript which has been carefully reviewed by two reviewers.
The results of the examination from two reviewers stated that they accepted this final
manuscript for publication. Herewith we also send the notes of the two reviewers who
received this final manuscript for publication. Thank you for your attention.

Regards
Aang Panji Permana

PepakuunoHHbin oTaen Akagemumn Hayk PK <akadem.nauk@mail.ru®ab, 14 Sep
13.02

kepada saya

Dear author, depending on the queue, your article was registered in Issue # 6 of 2022. If
a positive response is received from reviewers, it will be posted on the site on
December 15, 2022. Before that, we will send a notification of payment to your email
address.

Pepakumns
Akagemumn Hayk Pecnybnukn KasaxcTtaH

Cpeaa, 14 ceHts6ps 2022, 9:59 +06:00 ot Aang Panji Permana <aang@ung.ac.id>:
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CPOYHO! OTJ1ATA!

Eksternal

Kotak Masuk

PepakunoHHbIn oTtaen Akagemumn Hayk PK Jum, 18 Nov
16.30

kepada saya

Rusia
Inggris

Terjemahkan pesan
Nonaktifkan untuk: Rusia

VYBaxkaembie aBTOPbI!

[IpocuM mnpousBecTH OMJIATY 3a CTAaTbHU, KOTOpPbIE OyAYyT ONMyOJIMKOBAHbI B
xypHaiie «U3Bectusi HAH PK. Cepusi reojioruu m TeXHUYECKHX Hayk», Nob,
2022 r.

Cornacao mnocranoBineHuto Ilpesmmnyma HAH PK or 29.10.2020 r.3a
myOJUKAIMIO CTaTel B COABTOPCTBE C aKaJeMUKAMH M YJIEHAMU-KOPPECTIOHIEHTaMU
HAH PK 6yner B3umathest orutata 50% oT cTOMMOCTH pEeruCTpalliy CTaThU.

3a mnpucBoeHue u aktuBuzanuio DOI, a Takxke 3a MOIKIIOYEHHE K
MeXIyHapOaHOH crucTeMe oubnmorpadudeckux ccoutok CrossRef Bce aBTopsl 6e3
HCKJIIYEHNs OIUIAYMBAIOT YCTAHOBICHHYIO CYMMY.

Pacuer:

1. Perucrpanus crateu — 700 000 Tenre
2. IlpucBoenue n aktuBarus DOI ctatee — 90 000 Tenre.
3. Perucrpamus aBTopoB — 15000 TeHTe ¢ Ka)XX70T0 aBTOpA.

OTnpaBuTh Ha 3Ty e MOYTY OTCKAHHPOBAHHYI0 KBUTAHIHIO 00 OIuIaTe U
yKa3aTh, B KAKOM KypHaJie MMyOJIMKYETCS CTaThsl.

ABTOpBHI, He orutatuBiime 10 21.11.2022 r. (BKIHOUHTENIHHO), OYAYT UCKITFOUEHBI U3
COOpHHMKA aBTOMATHYCCKH.



PS: JloroBop 3anmoJiHsieTcsi TOJBKO B CJIy4ae, €CJIM 32 CTAThI0 OIJIAYMBAET OPraHu3anms.

Ecnu 3a cTaTeio oriaunBaeT cam aBTop, TO JloroBop He 3anonnsercs!

Aang Panji Permana <aang@ung.ac.id> Sen, 21 Nov
12.40
kepada PefgaKuUMOHHbIN

Dear Editors,

We sent proof of transfer of costs for journal publication with the title "LIMESTONE
FACIES AND DIAGENESIS ANALYSIS IN THE SOUTHERN OF GORONTALO
PROVINCE, INDONESIA". We also inform the number of authors that there are four
people whose fees have been paid for each author. We hereby send proof of transfer of
publication and journal fees which already include four authors and their ORCID ID.
Thank you for your attention.

Regards'
Aang Panji Permana
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2 Clarivate
Anabrtics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases.
The inclusion of News of NAS RK. Series of geology and technical sciences in the
Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of geology and engineering sciences to our community.

Kaszaxcman Pecnybonuxacol ¥nmmuix 2oiivim akademusicol « KP ¥£A Xabaprapwi. ['eonoeus scone
MEXHUKAILIK bLIBIMOAD CEePUsCHLy blIbIMU JCypHAabiHbiY Web of Science-miy oicanananzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanviH xabapiaiiovl.
Byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol scypHanovl 00a api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe KabwvLi0ay macenecin xapacmuipyoa. Webof Science szepmmeywiinep,
asmopnap, bacnawbliap MeH meKemenepze KOHmMeHm mepenoici MeH canacvih ycuvhaovl. KP
¥F'A Xabapnapei. 'eonozus scone mexnuxanvly eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yuiik ey 03eKmi Jicane 6e0enoi 2e0/102Usl HCIHE MEXHUKATBIK
ELILIMOAp OOUbIHUA KOHMEHMKE A0a0blebIMbl30bl OLI0IPeOi.

HAH PK coobwaem, umo nayunwiii scypran « zeecmuss HAH PK. Cepust eeonocuu u mexnuueckux
Hayk» 6vL1 npunam 0 undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpO8aHUuU HAXOOUMCS 8 CMAaoull paccmMompeHus
xomnanueu Clarivate Analytics ons danvueiiuezo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamelell, asmopos,
uzoamenei u yupescoenuu. Brmouenue Hzeecmus HAH PK. Cepus ceonoeuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nawy npugepiceHHocms K Haubonee
AKMYanbHOMY U GIUSAMENbHOMY KOHMEHMY NO 2€0102UU U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmsa.



Bac penakrop
KYPBIHOB Mypar KypbiHYJbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akamemuri, Ka3zakcran PecrnyOmukacel YaTTeik FhutbiM akagemusichiHbIH mpesuzeHTi, AK «J1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE AMEKTPOXMMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpsI (AIIMAThI,
Kazakcran) H =4
ABCAJIBIKOB BbaxsiT Hapuko6aiiyabl, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPHI, podeccop, KP ¥FA
KayanTbl XaTmbIChl, A.b. BeKTypoB aTbIHIaFbl XUMUS FEUTBIMIApB! HHCTUTYTHI (AnMarsl, Kazakcran) H=5

PegakuumsaablK aaka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopAblH OpbIHOAcaphl), T'€OJOTHSI-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemuri, «Y.M. Axmencadunua aTbIHAAFEI
THIPOTECOJIOTHUS KOHE TCOIKOIOTH MHCTUTYTHIHBIHY) UPEeKTOpsI (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpbIHOAcAphI), T'EOJNOTUS-MHHEPAJIOTHS
FBUTBIMJIAPBIHBIH TOKTOPHI, mpodeccop, K.M. CaTmnaeB ThIHIAFBI T€ONOTHS FHUIBIMAAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Iaumen, Ph.D, kaybiMaacTeipsutran npogeccop, Hebpacka yauusepcutetiniy Cy FbUIBIMIaPhI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieiasiy JKep Typaisl FbutbiMaap Oestiminze
TIETPOJIOTHS XKOHE Taiasbl Ka30anap KeH OpBIHApBI CalachIHAAFEl 3epTTeyiIepais kerekmrici (Jlonmon,
Anrnus) H =37

IMAH®UJIOB Muxaua BopucoBud, TeXHHKa FBUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHTETIHIH
npodeccops! (Hauncu, @pannmsa) H=15

IIEH IMun, Ph.D, KerTaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSCH KOMUTET] TUPEKTOPBIHBIH OPbIH-
Gacapbl, AMEpHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToirbiHbiH Mymieci (ITexun, Kpitait) H = 25

OUIIEP Axceas, Ph.D, /Ipe3neH TeXHUKANBIK YHUBEPCUTETIHIH KaybIMIaCTHIPBUIFaH IPO(pEeCcCcophl
(Hpesnen, bepnun) H=6

KOHTOPOBHUY Auexceil IOMHIbEBUY, TC€OJNOTHA-MHUHEPATIOIUs FBUIBIMIAPBIHBIH JIOKTOPBL,
npodeccop, PFA akanemuri, A.A. Tpopumyka arbiHAAFbl MYHaii-ra3 TreOJOrMSCHl JKOHE reo(u3uKa
nHCcTUTyTH (HOBOCHOMpCK, Peceit) H = 19

ATABEKOB Baagumup EHokoBHY, XUMUS FBUIBIMAAPBIHBIH JTOKTOpBI, benapycs ¥FA akamemuri,
YKana mMaTepuaap XUMHICHI HHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJIUH Credan, Ph.D, [[pe3neH TeXHUKAIBIK yHUBEPCUTETIHIH KAy bIMaCTBIPBUIFaH IIPodeccopbt
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoiorns-MHHEPANOrHs FhUIBIMIAAPBIHBIH JOKTOPBI,
npodeccop, KP ¥FA xoppecnonaent-mymreci, K.J. Carraes atsiaaarb! [ €010THs FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepymrici (Anmarsl, Kazakcran) H=11

CAFBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes yrmsepcuteti (Hyp-
Cyuiran, Kazakcran) H = 11

DOPATTUHMU IMaosno, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBITFaH mpodeccopsl (MmuaH,
Wranus) H =28

«KP ¥F'A Xa6apaapsl. ['eosiorusi xoHe TEXHMKAJIBIK FHUIBIMAAP CEPUsICh».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymi: «Kazakcran PecryOnukachiHbIH ¥JITTHIK FRUIBIM akageMusicky PKB (Anmars! K.).
Kazakcran PecmyOnukachiHBIH AKIapar »KoHE KOFaMIBIK JaMy MUHHCTPJITiHIH AKHapar KOMHUTETiHIEe
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 6acbUIbIM TipKeyiHe KOWBLTY Typalibl KyoiK.
TaKpIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUALLIK MEXHOL02UANAPbI, MYHAL
XUMUACDL, MEMANOAPObL ALY HCIHE ONAPObIH KOCLIHOBLIAPIHBIY MEXHONOSUACHL.
Mep3iMaimiri: KeUIbIHA 6 PET.
Tupaxst: 300 nana.
Penakuusasig MekeH-kaiibl: 050010, Anmarsi K., [lleBuenko kerr., 28, 219 6en., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© Kazakcran PecryOnukachbiHBIH ¥ ITTHIK FBUIBIM aKaaeMuschl, 2022

Tunorpadususie MekeH-kaibl: «Apyna» KK, Anmarsl k., Myparbaes kemt., 75.
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I'naBHBbIii penaxkTop
KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHUX HayK, mpodeccop, axagemuk HAH PK,
npe3uieHT HanmonanpHoW akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblid aupextop AO
«MHCTUTYT TOTUIMBA, KaTaiamu3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4
ABCAJIBIKOB BaxweiT Hapuk0aeBud4, DOKTOp TEXHHYECKHX HayK, Hpogeccop, OTBETCTBEHHBIN
cekperaps HAH PK, MuctutyT Xxumnueckux Hayk uM. A.b. bekryposa (Anmarer, Kasaxcran) H =15

PenaknuoHHasg KodJgerus:

ABCAMETOB Maauc KynbicoBud, (3aMeCcTUTENb TIIABHOTO PEAAKTOPA), JOKTOP FeOIOTOMHUHEPAIO-
THYECKHUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTHTYTAa THAPOTE€OIOTHU U TEOIKOTOTUH M.
Y.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii ’KoaraeBuu, (3aMeCTUTENb INIABHOTO pENaKToOpa), JOKTOP T'€OJOTOMHUHEpAo-
IHYeCKUX Hayk, npodeccop, mupekrop MHcruryra reonmornueckux Hayk nm. K.M. CarmaeBa (Anmarsl,
Kazaxcran) H=2

CHOY Jpunen, Ph.D, acconmupoBanHslii mpodeccop, aupexrop JlabopaTopun BOTHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJIBTMAH Peiimap, Ph.D, pyxoBoanuTes HCCIeI0BaHIH B 00JIACTH IIETPOJIOTHU U MECTOPOXKIACHHN
MoJIe3HBIX UcKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBeHHol uctopuu (Jlonaon, Aurmus) H = 37

MMAH®UJIOB Muxana BopucoBud, T0KTOp TEXHHUYECKNX Hayk, mpodeccop Yansepcutera Hancn
(Hancu, ®dpanmus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropHoii reosiornu Kuraifickoro reooruaeckoro
oOmiecTBa, 4ieH AMEpPUKaHCKON acconnanuu 3konomuueckux reosnoros (Ilekun, Kurait) H = 25

OUIIEP Axcens, accoummpoBanHublid mpodeccop, Ph.D, texumueckmil yHuBepcurer Jlpesnen
(Hpesnen, bepnun) H=6

KOHTOPOBHUY Aunekceli DMuIbeBHY, TOKTOp TI'€0OJIOTO-MHUHEPAIOTHYECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoii reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19

ATABEKOB Baaguvmup EnokoBuny, ToKTOp XMMHUYECKUX Hayk, akagemuk HAH benapycu, moyeTHsrit
nmpekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accoruupoBansnsiii mpodeccop, Texuudeckuii yausepcureT (pesmeH,
Bepmun) H = 20

CEMTMYPATOBA Diieonopa FOcynoBHa, TOKTOp reonoro-MHHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecnionieiT HAH PK, 3aBenyromas naboparopun MHcTHTyTa Teonormdeckux Hayk um. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CAI'MHTAEB Kanaii, Ph.D, accormmupoBannslit mpodeccop, Hazapbaes yausepcuter (Hypcynras,
Kazaxcran) H =11

DPATTUHU IMaoao, Ph.D, acconmmpoBanHBII mpodeccop, MuIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamus) H = 28

«M3Bectuss HAH PK. Cepust reo1oruu 1 TeXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Cob6ctBennuk: Pecrybnukanckoe obmiecTBeHHOE 00beanHeHne «HaronansHas akaaeMust HayK
Pecrry6mmkn Kazaxcram» (T. AMarsr).
CBUZICTENBCTBO O MOCTAaHOBKE HA y4eT NMEPHOIMUYECKOro nedaTHoro wiganus B Komurere mHbopManum
MunncTepcTBa HHGOpPMAIIHK 1 001ecTBeHHOT0 pa3Butns Pecrryommku Kazaxcran Ne KZ39VPY 00025420,
BeIganHoe 29.07.2020 .
Tematndeckas HaNpaBICHHOCTB: 2e0n02us, XUMUdecKue mexHonocuu nepepabomku Hegpmu u 2asad,
Hepmexumus, mexHoN02UU U36LeHeHUs MEMALI08 U UX COeOeHeHUl.
[eproguarOCTH: 6 pa3 B TOA.
Tupax: 300 3K3eMIIISIPOB.
Anpec penakmuu: 050010, . Anmarsl, yi. [lleBdenko, 28, od. 219, rem.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© HammonaneHas akagemus Hayk Pecrryonuku Kasaxcran, 2022
Anpec tunorpadun: UIT «Apynay, . Anmarsl, yi1. Mypar6aesa, 75.
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Editorial chief

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of
NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H =15

Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of hydrogeology and
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEYV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H = 32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H= 19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H= 13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H =20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan)
H=11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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LIMESTONE FACIES AND DIAGENESIS ANALYSIS IN THE SOUTHERN
OF GORONTALO PROVINCE, INDONESIA

Abstract. Strong tectonic effects have influenced the complexity of the geological
conditions in the southern half of Gorontalo Province, Indonesia. As seen today, the
raising of limestone into hills is one example. Furthermore, because it is located
between the major volcanic and plutonic rocks, the distribution of limestone in the
study area is quite distinctive. Most of the research related to limestone in the research
area have only been conducted on a regional scale, therefore, a more in-depth analysis
is required to gather the most up-to-date geological data. For this reason, this research
aimed to look at the facies and diagenesis of limestones in the southern section of
Indonesia’s Gorontalo Province. Field surveys will be used to achieve the research
objectives, including a megascopic study of limestone and petrographic analysis in the
laboratory. The results revealed that Gorontalo Province’s southern part’s limestone
facies are coralline floatstone. Based on the petrographic analysis, six different
diagenesis processes occur in coralline floatstone. The six diagenesis processes
include microbial micritization, initial calcite cementation, cementation, dissolution,
neomorphism (inversion), and neomorphism (recrystallization). The research area’s
limestone diagenetic environment comprises three diagenesis environments: it begins
with the diagenesis process in the marine phreatic zone, then turns into the meteoric
phreatic zone, and ends with the diagenesis process in the meteoric vadose zone.

Key words: Diagenesis, Facies, Gorontalo, Limestone.
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HUHAOHE3US, TOPOHTAJIO TIPABUHHUACBIHBIH OHTYCTIT'THAEI'T
IOKTACTbBI ®PACUAJIAP /KOHE JUAT'EHE3ICTI TAJIJIAY

Annortanusi. Kymri rekroHukansik acepiep MupoHe3usHey [opoHTano npoBuH-
LUSACHIHBIH OHTYCTIK >KapTHICHIHJIAFbl T'COJOTHSUIBIK JKaFaaiaapiblH KypAeaiTirine
acep eTti. OHBIH Oip MbICAJIbI OKTACTBIH TeOere keTepiiyi. Onap kaHapTayJIbIK KOHE
IUIYTOHJIBIK SKBIHBICTAPJIBIH apachiHla OpPHAJIACKAHBIKTaH, 3EPTTENICTIH aliMaKTarbl
OKTACTHIH Tapallybl aWTapibIKTail epekuieneHei. 3epTTey alMarbIHIarbl OKTacKa
KaThICTBI 3ePTTEYJEP/IiH KOIIILTIT TeK allMaKThIK ayKbIMJIa KYPri3Uizi, COHIBIKTaH €H
©3CEKTI TCOJIOTUSIIBIK JACPEKTEP/Il J)KUHAY YIIIH TepeHipek Tangay KakeT. Ocbl ceOenTi
Oyn 3eprrey MHIOHE3UsSHBIH [OpOHTANO MPOBUHIUSACHIHBIH OHTYCTIK OOJiriHIeri
OKTacTapAblH (amusiapbl MEH JUAreHe3iH 3epTTeyli Makcar eTTi. 3epTXaHaja
OKTaCTap/Ibl METaCKOMHSIIBIK 3ePTTEY JKOHE METPOrpadUsiIbIK TalaayIbl KOca ajlFaH/a,
3epTTey MakcarTapblHa KOJI JKETKi3y VIIH JalajblK 3epTTeyiep KOJJaHbLIaIbI.
Hormxecinne [opoHTaI0 MPOBUHIUSACKIHBIH OHTYCTIK OOJITiHEr 9KTac (aiusiiapbl
MapyKaH bl (PIOTTa eKEHIH aHBIKTAJIbL. [leTporpadusuIbiK Tanay HeTi3iHIe KOpaTiH
¢uroarcTa anTel TYpNdi JAMAreHe3 Mpoleci Xypeni. ANTbl JuareHe3 NpolecTepiHe
MUKPOOTBHIK MUKPOTH3AIMS, KaJIbIIUTTIH 0aCTANKbI IEMEHTTENY1, epyi, ”HBEPCHUS JKOHE
KailTa KpUCTaJaHy jKaTajbl. 3epTTey aliMarbIHBIH OKTAC JMArCHETUKAJIBIK OPTachl
YII JuarcHe3 OpTachlHAH TYpPajbl: O TEHI3 ()peaTHKaNbIK aliMarblHIa JUarcHes3
MPOLIECIHeH OacTajblll, KeHiH METEeOpJbIK (peaTHKablK aliMakka aiHaaabl JKOHE
METEOPJIBIK Baji03a aiMarbIHa JUareHes MPoLeCiMeH asKTanaibl.

Tyiiin ce3aep: nuarenes, Qaius, ropoHTaNIO, 9KTAC.
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N3BECTHAKOBBIE ®AIIUNA U TUATEHE3UYECKH AHAJIN3 HA IOTE
INPOBUHIINU 'OPOHTAJIO, MHIOHE3UA

Annorauusi. CulbHBIE TEKTOHMYECKHE O(PQEKTHl TMOBIUSIIA HA CIOXHOCTb
TEOJIOTUYECKUX YCIOBUN B FOKHOM IOJIOBHHE NPOBUHLMH [opoHTano, MHnoHe3us.
Kax BuaHO cerofus, MOIHATHE MU3BECTHSAKA B XOJIMBI ABISETCS OJHUM U3 MPUMEPOB.
Kpome Toro, mockoibKy OH pacloiOKeH MEXIy OCHOBHBIMH BYJIKAHWYECKUMU U
[Ty TOHUY€CKMMHU IOPOAAMH, pacIpeesieHre U3BECTHAKA Ha ICCIIeAyeMON TEPPUTOPUHN
BECbMa CBOE€OOpa3HO. BONBIIMHCTBO HCCIENOBAaHUM, CBA3AHHBIX C H3BECTHAKOM B
paiioHe MccieaoBaHuM, MPOBOAMINCH TOJIBKO B PETMOHAIBHOM MAacIITade, MO3TOMY
JUIst cOopa caMbIX COBPEMEHHBIX Ie€OJIOTHIECKUX JaHHBIX TpeOyeTcs Oolee TTyOoKHid
ananu3. [1o sTol mpUYMHE 3TO HCCieAoBaHUE OBIJIO HANPABICHO HA M3y4eHUE (aruii
U IMareHe3a U3BECTHIKOB B 10KHOM yacTu NpoBUHUMM [ opoHTano B Muaonezuu. s
JOCTIKEHHS Lieei McciieoBaHusl OynyT MCIOJIb30BaHbI MOJIEBBIE HCCIEIOBAHUS, B
TOM 4YHCIIE METracKOMUYeCcKOoe HM3Y4YeHHUE W3BECTHSKA W IMeTporpapuuecKkuii aHain3
B naboparopuu. Pe3ynmbraThl Mokazayiv, 4TO M3BECTHSKOBBIC (DallMM IOKHOW YacTh
MPOBUHLIMK [OpOHTaNO MpeACTaBIAIOT COOOW IUTaBydHMi KOpaJlJIoBBIH KameHb. Ha
OCHOBAHHHU METPOrpapuyYecKoro aHajgn3a B KOPAIJIOBOM (IOATCTOyHE MPOUCXOMAST
LIECTh pa3M4YHBbIX MpolleccoB auareHe3a. lllecTs mpoieccoB auareHe3a BKIIOUYAIOT
MUKpPOOHYI0 MHKPHUTH3ALMIO, HAdaldbHYI0 IEMEHTAIMIO KaJblUTa, LEMEHTAIHIO,
pacTtBopeHue, HeoMophu3M (HMHBEpCHIO) U HeomMophu3Mm (TIEPeKPUCTATIIU3AIHIO).
Hunarenetnueckass 00CTaHOBKAa HM3BECTHSKOB paliOHa HCCIIEOBAaHUN BKIIOUAET TPHU
JIUareHeTH4eckrue OOCTaHOBKH: OHAa HAYMHAETCA C IpOoIlecca AMareHe3a B MOPCKOH
¢dpeaTnueckoil 30HE, 3aTeM IEPEXOAUT B METCOPUTHO-(QpeaTHUecKuidl TOosiC H
3aKaHYMBAETCS MPOIECCOM JrarcHe3a B METEOPUTHOM a3paIliOHHOM MOsICe.

KuroueBble cioBa: nuarenes, auys, TopoHTaNI0, U3BECTHSIK.

Introduction. Diagenesis refers to the physical and chemical changes after sediment,
or sedimentary rock is deposited. It does not contain metamorphism (Scholle & Ulmer-
Scholle, 2003), a process involving high temperatures and pressures. Diagenesis can
preserve information on the primary appearance, post-deposition history, pore water
composition, and temperature. The key controllers of diagenesis are the composition
and mineralogy of the sediments, the chemical composition of the pore fluids and the
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rate of fluid flow, the geological history of the deposits concerning burial, uplift and
sea level change, the influx of pore fluids and climatic differences (Tucker & Wright,
1990).

Changes from one diagenesis environment to another may occur multiple times in
the history of carbonate diagenesis. This can be determined using texture data that has
been preserved to determine the sequence of diagenesis (Longman, 1980). Changes can
occur in three main diagenesis environments: marine, meteoric, and burial, all of which
have predictable processes throughout geological history (Wright et al., 2003; James et
al., 2005; Wright & Cherns, 2008).

Carbonate rock diagenesis comprises six major processes: dissolution, cementation,
neomorphism, dolomitization, microbial micritization, and compaction. In this case,
the contributing variables are pressure, temperature, mineral stability, equilibrium
conditions, water influx rate, time, and structural control (Tucker & Wright, 1990).
Complex characteristics influence diagenesis processes in carbonate deposits,
such as micritization, dissolution, compaction, cementation, dolomitization, and
recrystallization. These criteria include primary mineralogy, depositional texture,
porosity and permeability, pore water chemistry, oil saturation, and sedimentary basin
tectonic development (Machent et al., 2007; Morad et al., 2012; Armelenti et al., 2016;
Liet al., 2017; Seibel & James, 2017).

The chemistry of the pore water, which has the primary control over the diagenesis
reaction, may vary widely. In near-surface conditions, diagenesis occurs in marine,
meteoric, brackish, and hypersaline brines (Morad et al., 2012: 2019; James & Jones,
2015; Swart, 2015). The complexity of these controlling parameters makes perfect
modeling of the role of diagenesis on the distribution and evolutionary pathways of
reservoir quality in carbonate succession fraught with difficulties.

The regional stratigraphy of Gorontalo Province’s southern part refers to a geological
map of Tilamuta sheets on a scale of 1: 250,000 (Bachri et al., 1997) composed of
several rock formations. In regional stratigraphic order, the oldest formation is the
Tinombo Formation consisting of basalt lava, andesitic lava, volcanic breccia,
intercalated sandstone, green sandstone, siltstone, red limestone, gray limestone, and a
small amount of thermally recovered rock. The age of this rock unit is estimated to be
between the Eocene and the Early Miocene. Above it, the Middle Miocene Bilungala
Volcano Formation was created, consisting of volcanic breccia, tuff, and lava. The
color of this lithology ranges from gray to dark gray. The Diorite Bone Formation,
which includes diorite, quartz diorite, granodiorite, and adamelite, is estimated to be
Middle Miocene in age. The Tinombo and Bilungala Volcano Formations were both
cut through by this unit. Aside from that, there are variations in the composition of
quartz diorite, granodiorite, and adamelite, with the main components being andesine,
quartz, and hornblende. The Pinogu Volcano Formation, estimated to be of Pliocene-
Pleistocene age, is not aligned. This formation consists of tuff, lapilli tuff, breccia, and
lava. Volcanic breccias can be found in the Bone Mountains, Mount Mongadalia, and
Pusian (Apandi & Bachri, 1997). The Reef Limestone Unit, formed unconformably
in the Late Pleistocene-Holocene age, is the youngest formation. It is white and solid.
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This unit has been elevated into hills, while others are still developing beneath the
water. The uplift of numerous limestone facies in the Limboto Basin reaches 0.0699-
0.0724 mm/year, demonstrating the tectonic influence of limestone uplift (Apandi &
Bachri, 1997; Permana et al., 2019; 2021). Based on the preceding, the primary goal
of this research is to investigate the facies and diagenesis of limestones in the southern
region of Gorontalo Province.

Research materials and methods. The research material is a limestone outcrop in
Gorontalo Province’s southern part. The study area is a plateau (hills) has coordinates
(0° 29’ 25»-0° 30” 05» N and 123° 27 25» 123° 03’ 00» E) (Figure 1).

Figure 1. (A) The research location on the map of Gorontalo Province, (B) The research location is in
the Tanjung Kramat area, Gorontalo City

A field survey and laboratory analysis was performed in this study. The focus of field
surveys is the description and interpretation of limestone types and suitable sampling
for laboratory analysis. The petrographic analysis is performed in the Geo Optics
laboratory. The petrographic analysis stage begins with forming a thin section using
the blocking method, which infiltrates the blue dye into the pores to distinguish the
original rock pores from those formed during preparation (Dickson, 1966; Crabtree
et al., 1984). Petrographic analysis was conducted with a Euromex 1053 binocular
polarizing microscope equipped with a computer-connected camera (Tetley & Daczko,
2013; Serge & Senthilkumar, 2017; Ofulume et al., 2018). A petrographic analysis is
very useful in determining the mineral composition of the rock and the kind of porosity,
which allows the type of diagenesis to be determined. The interpretation of this type of
diagenesis will assist in determining the diagenesis environment of the limestone after
it has been formed or deposited (Maryanto, 2012; Arosi & Wilson, 2015).
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Results and Discussion. A. Facies. The results of a field survey conducted at the
research site in the southern portion of Gorontalo Province demonstrate the study’s
morphology in the form of limestone hills (Figure 2). Petrological analysis of limestone
samples reveals white rock with poorly sorted, open-packed, floating grains in the
matrix and a massive structure. The limestone is known as Coralline floatstone based
on petrological analysis (Embry & Klovan, 1971). It contains coral fragments, quartz
minerals, micrite, and sparite.

Figure 2. Coral limestone outcrops located in the hills of the southern part of Gorontalo Province

The petrological analysis results were then compared to the petrographic analysis
using a polarizing microscope (Figure 3). The petrographic analysis revealed that the
carbonate rock incision was brown, the interference color was dark brown, with a particle
size of 0.1 - > 4 mm, an abundance of material measuring > 2 mm, up to 11%, and the
rock texture was based on the relationship between the matrix’s supported grains. There
is a vuggy porosity with a 12 % abundance. There are skeletal fragments in the form
of coral fragments, non-skeletal grains in the form of extraclase, non-carbonate grains
in the form of volcanic lithic, quartz, plagioclase, and pyroxene minerals, as well as
micrite and sparite, according to its composition. The limestone facies is known as
Coralline floatstone (Embry & Klovan, 1971).

A detailed description of the rock composition, namely skeletal grain in the form
of coral fragments (11 percent): on the parallel nickel appearance (//) it is brown, has
a porous shape, > 4 mm in size, high relief, no pleocroism is visible, and has a sort of
translucent transparency. The fragments are generally replaced by sparite (calcite), and
the pores are filled with micrite due to micritization. The interference color varies in
order Il in the appearance of crossed nickel (X).

Non-skeletal grain in the form of extraclase (3%): on the appearance of parallel
nickel (//) is colorless brownish, size 0.6 mm, high relief. In the appearance of cross-
linked nickel (X), the interference color varies in order of 2. Because it has been heavily
crystalline, the texture cannot be determined. It is considered an extraclase because it is
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more diegenic than other grains of rock origin.

Non-carbonate grains consist of 1. Andesite lithic (2%): on the appearance of
parallel nickel (//), it is colorless brownish, on the appearance of nickel crossed (X),
it has an interference color of yellowish black, size 0.8 mm, porphyroafanitic texture,
the composition in the form of plagioclase, quartz with a base mass of glass material.
2. Quartz (2%): on the appearance of parallel nickel (//), it is colorless, 0.1 mm in
size, conchoidal shape, translucent, low relief, no pleochroism, and no fracture. On the
appearance of crossed nickel (X), it has an interference color of order 1 gray, wavy dark.
3. Plagioclase (2%): on the appearance of parallel nickel (//) colorless, 0.1 mm in size, a
long prismatic shape, translucent, low relief, no pleochroism, one-way fracture. On the
appearance of crossed nickel (X), it has an interference color of order 1 gray, Carlsbad
twinning, and the darkening angle is 14-18°. 4. Clino-Pyroxene (2%): on the appearance
of parallel nickel (//), it is colorless brownish, 0.2 mm in size, a short prismatic shape,
translucent, low relief, no pleochroism, and no fracture observed. The crossed nickel
(X) appearance has an orange interference color of order 2, and the darkening angle is
20-22°.

The matrix consists of 1. Micrite (63%): on the appearance of parallel nickel (//),
it is dark brown-yellowish brown, mineral size < 0.1 mm, moderate relief, cleavage is
not observed, no pleocroism is visible, and has a type of translucent transparency. On
the appearance of nickel crossed (X), it has a golden brown color. 2. Sparite (15%): on
the appearance of parallel nickel (//), it is colorless, size 0.1 - 0.4 mm, moderate relief,
a fracture is not observed, bladed — equant shape, blocky structure, and meniscus. The
appearance of crossed nickel (X) varies by order of two. It is composed of calcite. It
results from pore filling, micrite recrystallization, or changing the composition of the
shell or coral.

Figure 3. Petrographic analysis of rock samples showing the Coralline floatstone facies. Various types
of diagenesis occur in the Coralline floatstone facies. (A) and (C) parallel nikol, (B) and (D) cross nikol
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B. Diagenesis. Based on the petrographic study, six different diagenesis processes
can occur in Coralline floatstone samples. Microbial micritization, initial calcite
cementation, cementation, dissolution, neomorphism (inversion), and neomorphism
(recrystallization) are the six processes that occur during diagenesis (Figure 3).

Microbial micritization is this process that occurs in the marine environment, and
drilling activity can be carried out by organisms such as endolithic fungi, bacteria,
and green algae or possibly red algae. The grain micritization process is indicated by
replacing several skeleton grains with cloudy brown micrite that coats the granules.
The cementation process in carbonate sediments is the main diagenetic process. It
occurs when the pore-fluid is supersaturated with the cement phase, and there are no
kinetic factors that hinder cement precipitation. The dissolving process requires a large
volume of supersaturated water and is influenced by the selectivity of the matrix, grain
shape, grain size, and skeleton properties. The neomorphism process consists of inverse,
recrystallization, and coalescive neomorphism (aggrading/degrading neomorphism).
Inversion is the change of one mineral to a polymorph, for example, the polymorphic
transformation of aragonite to calcite and alteration of Mg calcite to calcite. While
recrystallization is a change in crystal size without a change in mineralogy, for example,
increasing/reducing the size of calcite crystals or the replacement (replacement) of tiny
calcite crystals by larger calcite crystals (Folk, 1965).

It is possible to determine the diagenetic environment of the limestone in the study
area based on petrographic analysis and diagenesis type determination using the
classification (Longman, 1980), which includes three diagenesis environments: marine
phreatic zone, meteoric phreatic zone, and meteoric vadose zone. The reconstruction
of the history of limestone diagenesis in the southern part of Gorontalo Province is
helped by the analysis of three diagenesis environments based on diagenesis type. Table
1 shows the research area’s chronology or stages of limestone diagenesis.

Table 1. Stages of the diagenesis process that occurred based on relative time in limestones in the
southern region of Gorontalo Province

Stages of the Diagenesis Process Marine Phreatic | Meteoric Meteoric
Zone Phreatic Vadose
Zone Zone

Relative Time

Microbial Micritization

Initial Calcite Cementation

Cementation

Dissolution

Neomorphism (Inversion)

Neomorphism (Recrystallization)

Cement Structure Dominated by Blocky Structure

Cement Structure Dominated by Meniscus Structure

O 0| | | | | W N —

Vuggy Porosity
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Figure 4. Environmental scheme of carbonate diagenesis in the Coralline floatstone facies in the southern
area of Gorontalo Province (Tucker & Wright, 1990)

According to Table 1, the study area’s chronology or stages of limestone diagenesis
can be divided into three categories:

The major dissolving product in the matrix is cementation. The early steps of the
diagenesis process take place in the marine phreatic zone. The process of microbial
micritization and early calcite cementation characterize this stage.

The diagenesis process progresses to the second stage in the meteoric phreatic zone.
The presence of a substantial dissolving process in the matrix and shell, with the matrix
dominating, characterizes this stage. There is also a neomorphism process that involves
inversion and recrystallization. Changes in shell composition or coral fragments into
blocky calcite indicate an inversion. The process of nemorphism takes the form of
recrystallization, as seen by the transformation of micrite to blocky calcite. The bladed
equant form dominates the cement’s morphology.

In the meteoric vadose zone, the diagenesis process reaches its third stage. The
occurrence of a disintegrating process characterizes this stage. Vuggy porosity is formed
as a result of this minor dissolving process. There was also a cementation process, as
evidenced by the existence of a calcite cement pore filling with a meniscus structure.
This is supported by the rock’s cementation dominance and the presence of porosity due
to extensive dissolution (Figure 4).

Conclusion. Several important conclusions can be taken from the results and
discussion of facies analysis and limestone diagnosis studies in the southern portion of
Gorontalo Province, including:

1. Coralline floatstone is the limestone facies found in the southern half of Gorontalo
Province.

2. Based on the petrographic analysis, six different types of diagenesis processes
occur in Coralline floatstone. Microbial micritization, initial calcite cementation,
cementation, dissolution, neomorphism (inversion), and neomorphism (inversion) are
the six diagenesis processes (recrystallization).
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3. The limestone diagenetic environment in the study area consists of three diagenesis
environments, which begin with the diagenesis process in the marine phreatic zone, then
turn into the meteoric phreatic zone, and end in the diagenesis process in the meteoric
vadose zone.
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