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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.

Қазақстан Республикасы Ұлттық ғылым академиясы «ҚР ҰҒА Хабарлары. Геология 
және техникалық ғылымдар сериясы» ғылыми журналының Web of Science-тің 
жаңаланған нұсқасы Emerging Sources Citation Index-те индекстелуге қабылданғанын 
хабарлайды. Бұл индекстелу барысында Clarivate Analytics компаниясы журналды 
одан әрі the Science Citation Index Expanded, the Social Sciences Citation Index және the 
Arts & Humanities Citation Index-ке қабылдау мәселесін қарастыруда. Webof Science 
зерттеушілер, авторлар, баспашылар мен мекемелерге контент тереңдігі мен 
сапасын ұсынады. ҚР ҰҒА Хабарлары. Геология және техникалық ғылымдар сериясы 
Emerging Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті және 
беделді геология және техникалық ғылымдар бойынша контентке адалдығымызды 
білдіреді.

НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и 
технических наук» был принят для индексирования в Emerging Sources Citation Index, 
обновленной версии Web of Science. Содержание в этом индексировании находится 
в стадии рассмотрения компанией Clarivate Analytics для дальнейшего принятия 
журнала в the Science Citation Index Expanded, the Social Sciences Citation Index и 
the Arts & Humanities Citation Index. Web of Science предлагает качество и глубину 
контента для исследователей, авторов, издателей и учреждений. Включение 
Известия НАН РК. Серия геологии и технических наук в Emerging Sources Citation 
Index демонстрирует нашу приверженность к наиболее актуальному и влиятельному 
контенту по геологии и техническим наукам для нашего сообщества.
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для одного термодинамического направлении - критической изотермы Тк=300,6К. 
На рис. 5а представлена концентрационная зависимость флуктуационной части 

вязкости 

Рис. 3б. Зависимость обратного значения флуктуационной части вязкости от концентрации на границе раздела фаз

Как видно из рис. 3б, при приближении к критической концентрации (∆с→0) и критической 
температуре (t→0) обратная величина 1( 0, 0)f c t−  → → стремится к постоянному значению

( )1 10, 0 /f f кc t q C− − → → = =  (1). Этот результат свидетельствует о том, что вязкость
раствора в критическом состоянии является конечной величиной. (Мартынов, 2018: 360),
(Ландау, 2002: 541)

Для количественного анализа поведения флуктуационной части вязкости на границе раздела фаз
была исследована концентрационная зависимость разности величин

1 1 1 1 /f f fê f q C− − − − = − = −    . В дальнейшем эта разность описывалась степенным

соотношением в соответствии с скейлинговыми представлениями (Стенли, 1982:353) о поведении
флуктуационной части вязкости ( )f c в близкой окрестности КТ в виде:
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Для нахождения величины этого показателя n1 в двойном логарифмическом масштабе была
построена зависимость (2). Эти данные показаны на рис. 4.
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Рис. 4. Логарифм обратного значения флуктуационной части вязкости на границе раздела фаз

На основе этих данных было получено, что величина показателя для границы раздела фаз n1 в
формуле (2) равна n11,9.
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границы раздела фаз.
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кривой сосуществования, на основе проведенных экспериментальных исследований (рис. 1)
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изотермы Тк=300,6К. На рис. 5а представлена концентрационная зависимость флуктуационной части
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Из рис. 5б, как и раньше (рис. 3б) следует, что вдоль направления критической изотермы при
концентрации ( )0 kc c c → → величина 1

f к
− принимает конечное значение 

( )1 10 /f f кt q C− −= = =  . Для количественного анализа поведения флуктуационной части

вязкости ( )f c (рис. 5) были построены в двойном логарифмическом масштабе обратные значения 
флуктуационной части вязкости на критической изотерме (рис. 6)
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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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Аннотация. Тынық мұхиты мен Еуразиялық плиталардың конвергентті 
шекарасында орналасқан және микропластиналық өзара әрекеттесулердің 
әсерінен Горонтало аймағының тектоникалық геотарихы оның жоғары 
сейсмикалық осалдығына қарамастан жеткілікті түрде зерттелмеген. Бұл 
зерттеу аймақтық геологиялық білімдегі маңызды олқылықтарды жою және 
апаттардың салдарын азайту жөніндегі күш-жігерді қолдау үшін бентондық 
фораминифера қазбаларын пайдалана отырып, Горонталоның кайнозойлық 
тектоникалық эволюциясын қалпына келтіреді. Омбуло ауылында дала 
стратиграфиясы жүргізілді, онда әктас қабатының қалыңдығы (25 м дейін) және 
фациялық таралу өлшенді. Толық палеобатиметриялық реконструкцияларды 
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жүргізуге мүмкіндік беретін Olympus SZ61 микроскопиясының көмегімен он 
алты бентондық фораминифера түрі анықталды. Батиметриялық түзетулер 
(ван Хинтенің) ортаңғы диапазон әдісі арқылы қолданылды, ал жергілікті 
тереңдік өзгерістері эвстатикалық және тектоникалық әсерлерді ажырату үшін 
(Миллер және т.б.) теңіз деңгейіндегі жаһандық деректермен салыстырылды. 
Нәтижелер теңіз деңгейінің жаһандық өзгерістерімен түсіндірілмейтін 
тереңдіктің ~321,5 м ұлғаюына сәйкес келетін орта қайраңнан (178,4 м) 
жоғарғы еңіске (500 м) дейін 6,4–5,8 млн аралығында біртіндеп тереңдеуді 
көрсетеді. Бұл аймақтағы ерте плиоцендегі теңіз деңгейінің көтерілуі 
эвстатикалық факторларға емес, тектоникалық шөгулерге байланысты 
болды деген гипотезаны қолдайды. Зерттеу нәтижесінде тектоникалық шөгу 
Горонтало бассейнін қалыптастыратын басым процесс болып табылады, 
фораминифера таралулары палеотереңдіктерді қалпына келтіру үшін сенімді 
прокси ретінде қызмет етеді. Бұл нәтижелер апаттардың салдарын азайтуда 
(шөгуді модельдеу үшін бастапқы деректерді беру арқылы), консервацияны 
жоспарлауда (геологиялық қорғалатын аумақтарды анықтау арқылы) және 
энергетикалық барлауда (көмірсутектерді іздеуге қатысты карбонатты 
қабаттарды сипаттау арқылы) практикалық қолданбаларға ие. 

Түйін сөздер: фораминифераның қазба қалдықтары, геотарих, Горонтало, 
тектоника
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Аннотация. Тектоническая геоистория региона Горонтало, 
расположенного на конвергентной границе Тихоокеанской и Евразийской 
плит и находящегося под влиянием микроплитных взаимодействий, 
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остается недостаточно изученной, несмотря на его высокую сейсмическую 
уязвимость. Это исследование реконструирует кайнозойскую тектоническую 
эволюцию Горонтало с использованием ископаемых бентосных фораминифер 
для устранения критических пробелов в региональных геологических 
знаниях и поддержки усилий по смягчению последствий стихийных 
бедствий. Полевая стратиграфия была проведена в деревне Омбуло, где были 
измерены толщина известняковых слоев (до 25 м) и распределение фаций. 
Шестнадцать видов бентосных фораминифер были идентифицированы с 
помощью микроскопии Olympus SZ61, что позволило провести подробные 
палеобатиметрические реконструкции. Батиметрические поправки были 
применены с использованием метода средней точки диапазона (van Hinte), а 
локальные изменения глубины были сопоставлены с глобальными данными 
об уровне моря с использованием (Miller et al) для различения эвстатических 
и тектонических влияний. Результаты указывают на постепенное углубление 
от среднего шельфа (178,4 м) до верхней части склона (500 м) в период 6,4–
5,8 млн лет назад, что соответствует увеличению глубины примерно на 321,5 
м, что не объясняется глобальными изменениями уровня моря. Исследование 
приходит к выводу, что тектоническое опускание является доминирующим 
процессом, формирующим бассейн Горонтало, а распределение фораминифер 
служит надежными прокси для реконструкции палеоглубин. Эти результаты 
имеют практическое применение в смягчении последствий стихийных 
бедствий (путем предоставления исходных данных для моделирования 
опускания), планировании охраны природы (путем определения 
геологических охраняемых территорий) и разведке энергоносителей (путем 
характеристики карбонатных резервуаров, имеющих отношение к разведке 
углеводородов). 

Ключевые слова: ископаемые фораминиферы, геоистория, Горонтало, 
тектоника.

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  

East Longitude and 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 (TQl) 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.

	

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, 3I 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 3I 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

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).

  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.

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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