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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 Pecnybnukacer ¥immuolx 2oiivim akademuscol « KP YA Xabapnapwr. ['eonocus
JICOHE MEXHUKANBIK RbLILIMOAD CepUsiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIOb
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapel. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEpUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Koamoacmulx ywin ey 03eKmi dcone
6edendi eeonocus JHcoHe MEXHUKATIBIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an0blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonozuu u
MeXHUYecKux Hayk» ol npunsm 015 unoexcuposanusi 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvbheuue2o npuHAmMUs
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednacaem xauecmeo u enyoumy
KOHmeHma O ucciedogamenell, asmopos, uzoameneii u yupedxcoeHull. Brmouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MEeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.
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Abstract. The tectonic geohistory of the Gorontalo region, situated at the
convergent boundary of the Pacific and Eurasian plates and influenced by microplate
interactions, remains inadequately understood despite its high seismic vulnerability.
This study reconstructs the Cenozoic tectonic evolution of Gorontalo using benthonic
foraminifera fossils to address critical gaps in regional geological knowledge and
support disaster mitigation efforts. Field stratigraphy was conducted in Ombulo
Village, where limestone bed thicknesses (up to 25 m) and facies distributions
were measured. Sixteen benthonic foraminifera species were identified using
Olympus SZ61 microscopy, enabling detailed paleobathymetric reconstructions.
Bathymetric corrections were applied using (van Hinte’s) midpoint-range method,
and local depth changes were compared to global sea-level data using (Miller et
al) to distinguish between eustatic and tectonic influences. The results indicate
a progressive deepening from middle shelf (178.4 m) to upper slope (500 m)
environments between 6.4-5.8 Ma, corresponding to a ~321.5 m increase in depth
that is not explained by global sea-level changes. The study concludes that tectonic
subsidence is the dominant process shaping the Gorontalo basin, with foraminifera
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distributions serving as reliable proxies for reconstructing paleodepths. These
findings have practical applications in disaster mitigation (by providing baseline
data for subsidence modeling), conservation planning (through the identification
of geological protected areas), and energy exploration (by characterizing carbonate
reservoirs relevant to hydrocarbon prospecting).

Keywords: Foraminifera Fossil, Geohistory, Gorontalo, Tectonics.
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[IeKapachlHIa OpHAIACKAH JKOHE MHKPOTUIACTUHANBIK 63apa dpeKeTTeCyIep/aiH
ocepiHeH [OpOHTaNO alWMarbIHBIH TEKTOHUKAIBIK T€OTAPUXBI OHBIH KOFAPHI
CeHCMUKAJBIK OCAJIBIFBIHA KapamMacTaH KETKUIIKTI Typje 3epTTenMercH. by
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amaTTap/blH CaNIapblH a3alTy KOHIHIET] KYII-KIrep/ i Kojiuay YIIiH OSHTOHIBIK
(dopamuHnpepa KazbanapbiH MaiaanaHa OThIPHIN, [ OPOHTATOHBIH KaWHO30MIIBIK
TEKTOHWKAJBIK SBONIONUACHIH KajimblHa KenTipeai. OmOyno aybUThIHIA ala
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Gbanussik Tapaty enmieH i, TOIbIK Maneo0aTHMETPUSIIBIK PEKOHCTPYKIUSIAp bl
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XKyprizyre MyMkiaaik Oepetin Olympus SZ61 MUKPOCKONUSCHIHBIH KOMETIMEH OH
anTel OEHTOHIBIK (popammuHH(dEpa Typi aHBIKTANIBI. baTHMETPUSIIBIK Ty3eTynep
(Ban XWHTEHIH) OpPTaHFbI AMAIIa30H JJiCI apKBUIBI KOJMAHBUIABI, aJl KEPTiLTIKTI
TEPEHTiK ©3repiCTePi IBCTATUKAIBIK XKOHE TEKTOHUKAIBIK dCEpIIeP/Ii AXKbIpaTy YIIiH
(Mutep xoHe T.0.) TeHI3 IeHreineri xahaHabIK TepeKTEPMEH CaTbICTHIPHLIIBL.
Hormxkenep TeHi3 neHreidiniH jxahaHIBIK e3repicTepiMeH TYCIHIIpLIMENUTIiH
TepeHmikTiH ~321,5 M yiFaroblHa colikec KeneTiH opra KadpanHaH (178,4 wm)
xoraprel eHicke (500 m) neitin 6,4-5,8 MIIH apanbIFbIHIA OIpTiHACT TEpEeHICYII
Kepcereni. byn aiiMakTarel epTe IUIMOICHIETl TEeHI3 JeHreHiHiH KeTepiryi
ABCTATHKAJBIK (aKTOpIIapFa eMeC, TEKTOHHKAIBIK IIeryinepre OalIaHBICTHI
OOJIIBI IETeH THIOTe3aHbl KOJIal bl 3epTTey HOTHKECIH/Ie TEKTOHUKAIIBIK IIIOTY
IopoHTano OacceiHiH KaJbIITACTHIPATBIH 0achlM MPOIECC OONBIT TaObLIAIBI,
(hopamuHHUpEpa Tapamynapsl HAICOTEPEHAIKTEPA] KAJIBIHA KEJITIPY YIIiH CeHIM/I1
MIPOKCH peTiHAE KBI3MET eTeli. bysr HoTwmkenep anarTapAblH calliapblH a3anTyna
(mmeryi Monenbaey YIIiH OacTamnKel AepeKTepli Oepy apKbUIbI), KOHCEPBAIUSHBI
xKocrapraya (TeoJOTHSUIBIK KOPFaJIaThlH ayMaKTapbl aHBIKTAy apKbLIbI) JKOHE
SHEPreTHKANBIK Oapiayna (KeMipCyTeKTeplli i3/eyre KaTbhICThl KapOOHATTHI
KabaTTap/pl CUTIATTay apKbLIbl) MPAKTUKAJIBIK KOJIaHOaIapra ne.
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OCTaeTCsl HEAOCTAaTOYHO M3YUYEHHON, HECMOTPSI Ha €r0 BBICOKYIO CEHCMHUYECKYIO
YSI3BUMOCTB. JTO HCCIIECAOBAHUE PEKOHCTPYHPYET KaiHO30HCKYI0 TEKTOHUYECKYIO
9BOJIONHIO [ OPOHTAIIO C NCTIOIB30BaHHEM HCKOITAEMBIX OEHTOCHBIX (opaMuHU(ep
JUIl YCTPaHEHHUS] KPUTHUECKHUX IPOOEJIOB B PETHOHAIBHBIX TI'COJTOTHYECKUX
3HAaHUSIX W TOJACPKKH YCHIMM IO CMSTYCHHMIO TIOCIEACTBUN CTHUXUHHBIX
OenctBuii. [lonesas crparurpadus Obu1a mposeneHa B 1epeBHe OMOyI10, rae ObUTH
M3MEPEHB! TONLIMHA U3BECTHIKOBBIX CJI0EB (10 25 M) M pacnpeneneHue Gaui.
[llectHaanare BUAOB OCHTOCHBIX (opamuHH(Ep OBUM WACHTU(UIIMPOBAHBI C
noMonIsio Mukpockonuu Olympus SZ61, 4To Mo3BOIMIO MPOBECTH MOAPOOHBIC
naneo0aTUMETPUIECKIE PEKOHCTPYKIMH. barumerpuueckue MONMpaBKH ObuIN
MIPUMEHEHBI C UCIIOIB30BAaHMUEM METO/Ia CpeAHel ToukM auana3zona (van Hinte), a
JIOKaJIbHbIE M3MEHEHUSI TITyOMHBI ObUTH COIIOCTABIICHBI C TIIO0ANbHBIMU JaHHBIMU
00 ypoBHEe Mopsi ¢ ucnoibzoBanueM (Miller et al) ans pasnudyeHns IBCTaTHYECKUX
1 TEKTOHUYECKHX BIUSHUNA. Pe3ynbraTsl yka3plBaloT Ha OCTEIICHHOE YITyOIeHne
ot cpenuHero menbda (178,4 M) mo BepxHeit yactu ckinoHa (500 M) B iepuox 6,4—
5,8 MITH JIET Ha3aJl, YTO COOTBETCTBYET YBEIMUCHHIO TTyOHHBI puMepHO Ha 321,5
M, 4TO HE OOBSCHSETCS ITI00aIbHBIMU U3MEHEHUSIMU YPOBHS Mopsl. VcciienoBanue
MPUXOIUT K BBIBOAY, YTO TEKTOHMYECKOE OMYCKAaHHUE SBISIETCS JOMHUHHUPYIOMINM
nporeccoMm, popmupytomum dacceiin 'oponTaio, a pactpeneneaue popamMuHudep
CITY’KUT HaJCKHBIMHU MPOKCHU JJIS1 PEKOHCTPYKIHMH MATCONTyOrH. DTH Pe3yabTaThl
UMEIOT TPAKTHYECKOE MPUMEHEHHE B CMSTYCHHMH IIOCJIEACTBUH CTHUXUHHBIX
OeacTBuil (MyTeM MpPEeNOCTaBICHUS WCXOAHBIX MAHHBIX JJS MOACIMPOBAHUS
ONyCKaHWs), IUIAHUPOBAaHUHM  OXpaHbl OPUPOAbl  (IIyTEM  ONpelesICHUs
Te0JIOTHYECKUX OXPAHSIEMbIX TEPPUTOPUI) U pa3BelIKe YHEPrOHOCUTENEH (ITyTeM
XapaKTePUCTUKN KapOOHATHBIX PE3epByapOB, UMEIOIINX OTHOILEHHE K pa3BEe/IKe
YIJIEBOJOPOJIOB).

KiroueBblie cioBa: mckomnaembie ¢opamunHudepsl, reoucropus, [oponraio,
TEKTOHHKA.

Introduction. Gorontalo is one of the areas prone to earthquake disasters;
this condition is due to Gorontalo’s tectonic position, which is influenced by the
activities of the meeting of two large plates, namely the Pacific plate and the
Eurasian plate. In addition, three microplates also contribute to the seismicity in
Gorontalo, namely the Sulawesi, Banggai-Sula, and Sangihe sea plates. Evidence
in the field is the uplifted limestone of the Gorontalo region, originally under the
sea but now exposed above the land into hills. The presence of limestone at high
elevations is evidence of a powerful tectonic influence (Jablonski, 2007; Pasari, et
al., 2021; Efendi, et al., 2021; Handyarso, et al., 2023; Meidji, et al., 2023). The
tectonic evolution of the Gorontalo area is a challenge in this study in providing
new geological information. This new information on tectonic geohistory is related
to the importance and originality of this research, which lies in the research methods
and objectives to be achieved. The existence of rocks and foraminifera fossil species
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as objects of geological study is beneficial in reconstructing tectonic geohistory.
Unfortunately, research on tectonic geohistory analysis of the Gorontalo region has
never been done. For this reason, research is needed on the tectonic geohistory that
occurred in Gorontalo not only thousands of years ago but millions of years ago
until now. One way to do this is to utilize the content of foraminifera fossil species
in Gorontalo rocks. This reconstruction is very important to provide geological
information for the government, researchers, academics, and the public. The main
target is to develop a model of geological conservation area and geological natural
disaster mitigation based on local wisdom in the future.

Foraminifera is a unicellular organism from the phylum Protozoa, class
Sarcodina, and sub-class Rhizopod. They are characterized by the ability to form
an outer shell. Some species may have a length of more than 100 mm or more but
generally have a size of less than 1mm (Jones, 1969; Hanagata & Nobuhara, 2015).

Applying benthonic foraminifera fossils for paleo bathymetry is closely
related to the distribution of characteristic species based on bathymetry or depth.
This distribution is associated with the ability of benthonic foraminifera to live
at specific depths so that environments with different depths will have different
characteristic species (Jones, 1994; Herkat & Ladjal, 2013; Milker et al., 2014).
The distribution of benthonic foraminifera fossils will be used as a determinant
of paleo bathymetry using two classifications, namely the classification of Jones
(1994) and Tipsword et al. (1966), which divide paleo bathymetry based on the
depth of habitat of each benthonic foraminifera species. In fact, Tipsword et al.
(1996) divided bathymetric zones for marine environments based on microfossil
association data and planktonic/benthonic (P/B) ratio from the Gulf of Mexico.
This classification combines the data associated with lithology, sedimentology, and
tectonics. Based on this background, this research aims to analyze the Tectonic
Geohistory of Gorontalo Region based on Benthonic Foraminifera Fossil.

Materials and Methods.

The research location is in Ombulo Village at coordinates QQ° 39" 7.08"
East Longitude and 00° 39’ 7.08" North Latitude, precisely in the highland
morphology. The research material is limestone outcrops scattered along the
Gorontalo Outer Ring Road. The stratigraphic position of the study area can be
seen on the geological map of the Ombulo Region, Gorontalo Regency (Figure 1).
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Figure 1. Distribution of limestone outcrops (TQI) with other rocks on the geological map of the
Ombulo area, Gorontalo Regency.

The material or object of research is limestone outcrops with a thickness
of up to 25 meters. The types of research used in this study are qualitative and
quantitative. Qualitative analysis in the form of field surveys in the form of
stratigraphic measurements is known as the measured section (MS) method and
sampling. Sampling for biostratigraphic analysis to be taken to the laboratory
is a fine-sized limestone sample, namely mud. Quantitative analysis is based on
microscopic observations from the samples taken in the field for biostratigraphic
analysis (Kadar, 1986; Armstrong & Brasier, 2005). The MS method measures the
details of stratigraphic sediment layers using Jacob’s stick, which has a length of
1.5 meters with sequential and systematic sampling. The 1.5-meter Jacob’s stick
has an interval of 10 cm marked by a striking color difference between black and
white. This MS method aims to obtain the stratigraphy of the study area based on
the different characteristics of each facies (Compton, 1985; Permana, et al., 2019;
2021; 2024).

Biostratigraphic analysis was conducted at the Paleontology and
Micropaleontology Laboratory of Universitas Negeri Gorontalo using an Olympus
SZ61 binocular microscope connected to a computer to facilitate the observation
and documentation of photos or images of very small (micro) foraminifera fossils.
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This biostratigraphic analysis helps identify the type of benthonic foraminifera
fossils so that the main purpose of ancient environments and ancient salinity content
can be known (Jones, 1994; Nichlos, 2009; Permana, et al., 2020; 2021; Refalta, et
al., 2022).

Paleo bathymetry data obtained from the analysis of benthonic small foraminifera
must first be corrected to create a bathymetry change curve from the oldest to the
youngest rock, where the connected point is generally the midpoint of the paleo
bathymetry range (van Hinte, 1978) (Figure 2). The final analysis step is to make
eustasy corrections by correlating regional eustasy data with age. After that, the
main cause of the change in paleo bathymetry will be known, whether it is tectonic
or eustasy.
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Figure 2. Paleo bathymetry correction curve (Van Hinte., 1978)

Results.

Geological survey in the study area based on measured section (MS) results
shows that the main constituent is limestone. Based on the facies analysis in the field,
there is only one facies, namely coralline rudstone interbedded with mudstone. Full
petrological description: the limestone is white, poorly sorted, open-fabric, matrix-
supported grains with dominant grain abundance >2 mm. The bedding structure
is thinning upward. The composition is mollusk fragments, coral fragments,
quartz, and opaque minerals as fragments with a matrix of micrites. Based on the
petrological description, the rock’s name is coralline rudstone, which refers to
the classification (Embry & Klovan, 1971; Permana et al., 2019a). The insertion
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based on petrological analysis is fine brown limestone (grain size <1/256 mm),
mud-supported, well-sorted, closed fabric with micrite and quartz composition.
According to the results of the petrological analysis, the rock’s name is mudstone,
referring to the classification (Embry & Klovan, 1971; Permana, et al., 2019a). The
age of the rock based on the biozonation of planktonic foraminifera in the study
area with LO Globoquadrina dehiscens biodatum (5.80 MA) is equivalent to Early
Pliocene (Permana, et al., 2019b).

Micropaleontological observations in the study area using the measuring
section (MS) method on ten samples sorted stratigraphically from oldest (bottom)
to youngest (top), there are 16 species of benthonic foraminifera fossils. Sixteen
species of benthonic foraminifera fossils, namely Bolivinita quadrilatera (Schwager,
1866), Cornuspira foliacea (Phillippi,1844), Fijinonion fijiense (Cushman &
Edwards,1937), Gyrodinoides broeckhiana (Karrer, 1878), Gyrodinoides soldanii
(d’Orbigny,1825), Lenticulina denticulifera (Cushman,1913), Mellonis Affinis
(Reuss, 1851), Nautilus craticulatus (Fichtell & Moll, 1798), Nonion fabum
(Fichtel & Moll,1798), Pararotalia venusta (Brady, 1884), Praeglobobulimina
ovata (d’Orbigny,1839), Pyrgoella sphaera (d’Orbigny,1839), Rhabdammina
discreata (Brady,1881), Saccorhiza ramosa (Brady,1879), Spiroplectinella wrightii
(Silvestri, 1903), and Uvigerina hollicki (Thalmann,1950).

Paleo bathymetry analysis on the MS Daenaa line on samples 3A, 3B, 3C, 3D,
3E, 3F, 3G, 3H, 31 and 3J. The paleo bathymetry zone on the MS Danaa line is
divided into several zones. The paleo bathymetry zone for sample 3A is the middle
shelf-upper slope (72.5-283.65 meters). The paleo bathymetry zone for sample 3B
is the outer shelf-upper slope (183-283.65 meters). The paleo bathymetric zone
for sample 3C is the upper slope (283.65-366 meters). The paleo bathymetry zone
for sample 3D is the upper slope-lower slope (283.65-1830 meters). The paleo
bathymetry zone for sample 3E is the upper slope-lower slope (283.65-1830
meters). The paleo bathymetry zone for sample 3F is the upper slope (283.65-
466.65 meters). The paleo bathymetry zone for sample 3G is the upper slope
(283.65-366 meters). The paleo bathymetry zone for sample 3G is the upper slope
(283.65-366 meters). The paleo bathymetry zone for sample 3H is the upper slope
(283.65-466.65 meters). The paleo bathymetric zone for sample 31 is middle shelf-
abyssal (54.9-1830 meters). The paleo bathymetric zone for sample 3J is the upper
slope (283.65-549 meters). The benthonic fossil content association can be seen in
Table 1.
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Table 1. Benthonic foraminifera distribution chart and paleo bathymetry of the study area
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3F 1 1 2 283,65-466,65 m
3E 20 1 3 283.65-1830 m
3D 11 1 2 283.65-1830 m
3C 2 2 2 6 283,65-366 m
3B 1 1 2 3 7 183-283.65m
3A 2] 1 1 2 2 8 72.5-283.65 m
Discussion.

Paleobathymetry data obtained from the analysis of benthonic small foraminifera
must be corrected first because the paleo bathymetry results obtained are in the
form of a range, while what is needed in the study of sea level change is paleo
bathymetry in the form of absolute numbers. Therefore, correcting by making a
paleo bathymetry change curve from the oldest to the youngest stratigraphic layer
is necessary. The step taken is that the connected point is generally the midpoint of
the paleo bathymetry range. The resulting curve is made as smooth as possible so
that it will be corrected for some depths by not plotting at the center of the depth
range.

After completing the benthonic foraminifera distribution chart, the paleo
bathymetry correction curve should be made. The paleo bathymetry correction
curve is created by smoothly connecting the depth points from each sample’s paleo
bathymetry range, then sorted stratigraphically from bottom to top (van Hinte.,
1978). The paleo bathymetry correction curve aims to determine the pattern of sea
level change to be compared to the global sea level change curve. The sea level will
be known whether it drops or rises so that if it is related to global sea level changes,
it is clear that the tectonic influence is very strong in the study area.

Paleobathymetry correction curve analysis based on plotting ten samples from
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the oldest sample, 3A (bottom), to the youngest sample, 3J (top), shows a striking
or significant sea level change in the study area during the Early Pliocene (6.4 MA
- 5.8 MA). Changes in sea level tend to increase (getting deeper) because initially,
the depth of the sea level was 178.425 meters and then changed drastically to be
deeper to 500 meters. The difference in sea level change from the oldest to the
youngest stratigraphic layer is 500-178.425 meters = 321.575 meters (Figure 3).
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Figure 3. The paleo bathymetry correction curve of the study area shows a deepening sea level
change from the oldest to the youngest stratigraphic layer.
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The results of the paleo bathymetry curve analysis in the study area are the key
to answering the mystery of the Early Pliocene period (6.4-5.8 MA) whether the sea
level rise of 321.575 meters was due to global sea level rise or tectonic influences
in the form of subsidence. The step that needs to be done is to make an eustasy
correction. Eustasy correction is done by correlating regional eustasy data with age.
After that, the leading cause of paleo bathymetry changes will be known, whether

due to tectonic influence or eustasy.
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Figure 4. The position of the sea level of the study area (Early Pliocene 6.4-5.8 MA) in the global
sea level curve tends to be stable, with no changes in either rising or falling sea level, referring to

the model Miller et al. (2005).
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Analysis of the geohistory of the study area refers to changes in sea level that
rose drastically due to tectonic subsidence because, according to the model Miller
et al. (2005) (Figure 4) in the Early Pliocene (6.4-5.8 MA), no global water level
changes occurred. Based on (Figure 4), it shows that in the Early Pliocene, sea
level tends to be stable. For this reason, if there is an increase in water level in the
research area based on the analysis of the paleo bathymetry curve, the tectonic
influence in the form of subsidence is dominant because this subsidence causes a
change in the depth of the rock deposition basin which was initially at a depth of
about 178.425 meters to 500 meters.

Conclusion.

Referring to the results of research on the Tectonic Geohistory of the Gorontalo
Region Based on Benthonic Foraminifera Fossils, the primary lithology of the
research area is limestone, which contains 16 benthonic foraminifera fossil species.
Those fossils indicate that paleo bathymetry ranges from the middle shelf to the
abyssal, which facilitates making paleo bathymetry curves after correction. This
curve becomes data to develop the eustasy curve, which shows that the decrease in
sea level in the study area is due to tectonic influences, namely subsidence.
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