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The scientific journal News of the National Academy of Sciences of the Republic of Kazakhstan,
Series of Geology and Technical Sciences has been indexed in the international abstract and citation
database Scopus since 2016 and demonstrates stable bibliometric performance.

The journal is also included in the Emerging Sources Citation Index (ESCI) of the Web of Science
platform (Clarivate Analytics, since 2018).

Indexing in ESCI confirms the journal s compliance with international standards of scientific peer
review and editorial ethics and is considered by Clarivate Analytics as part of the evaluation process
for potential inclusion in the Science Citation Index Expanded (SCIE), Social Sciences Citation Index
(SSCI), and Arts & Humanities Citation Index (AHCI).

Indexing in Scopus and Web of Science ensures high international visibility of publications,
promotes citation growth, and reflects the editorial board’s commitment to publishing relevant,
original, and scientifically significant research in the fields of geology and technical sciences.

«Kazaxcman Pecnybnuxacel ¥immulx 2vlieim akademuscvinvly Xabapnapul. [eonocus wcomne
MEXHUKANBIK  bLILIMOAD Cepuschly eblivlmu dcypuanst 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe EbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneol JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCemKiumepoi Kepcemin Keneoi.

Convimen kamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvikapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopwl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexkopuvinoa unoekcmenyi scypHAIO0bIH XATbIKAPAbIK SbLILIMU PeYEH3UANAY MATAnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan oaceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmulpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OOIYbIH KAMMAMACHI3 emeoi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusiblK alKanbly 2e0n02us MeH MeXHUKATbIK
SBLILIMOAD CANACHIHOA&bL ©3eKMmi, Oipecell JiCoHe EbLIbIMU MYPEbIOaH MAHbI30bl 3epmmeynepoi
JCapuAnay2a YMmuliblColH AUKbIHOALObL.

Hayunwiii sicypran « News of the National Academy of Sciences of the Republic of Kazakhstan, Series
of Geology and Technical Sciencesy c 2016 2o0a undexcupyemcs 6 mesncoyHapooHoll pepepamusHol
u Haykomempuueckou 6aze Oanuwvix Scopus u OeMOHCmpupyem cmabuivHvle OubIUOMempuiecKue
nokasamern.

JKypHan maxaice 8KIHOUEH 6 MENCOYHAPOOHYIO pedhepamueHyio U HAYKOMEmPUYecKyro 6azy OaHHbIX
Emerging Sources Citation Index (ESCI) nramgopmer Web of Science (Clarivate Analytics, 2018).

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MENCOYHAPOOHBIM
CMAHOApMam HAyUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU IMUKU, d MAKIHCE PACCMAMPUBAEMCS
xomnanueu Clarivate Analytics 6 pamkax oanvHetiue2o exkarouenus uzoanus 6 Science Citation Index
Expanded (SCIE), Social Sciences Citation Index (SSCI) u Arts & Humanities Citation Index (AHCI).

HUnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem pocmy YumupyeMocmu u noomeepicoaen
cmpemaerue pedaKyuoHHOU Koate2uu nyOIuKo8anms akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OIACTIU 2€002UU U MEXHUYECKUX HAVK.
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BAC PEJAKTOP
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IJIABHBI PEJAKTOP
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Opannus),  https://www.scopus.com/authid/detail.uri?authorld=7003436752;  https://www.webofscience.com/
wos/author/record/1230499

HIEH Iun, PhD, 3amecturens aupexropa Komurera mo ropHoii reoxornn Kuraiickoro reonorndeckoro
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upekTop MHcTHTyTa XMMHH HOBBIX MarepuanoB (MuHck, bemapycs), https://www.scopus.com/authid/detail.
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KATAJIUH Credan, PhD, acconmupoBaunslii npodeccop, Texuuueckuit ynusepeuret pesnen (pesnen,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500; https://www.webofscience.com/
wos/author/record/ 1309251

CAI'MHTAEB “Kanaii, PhD, accorymposanusii npogeccop, HazapbaeB ynuBepcuter (Acrana, Kazaxcramn),
https://www.scopus.com/authid/detail.uri?authorld=57204467637; https://www.webofscience.com/wos/author/record/907886

®OPATTUHHU IMaono, PhD, accormuposannblii npodeccop, Munanckuii yausepcurer buxokk (Munas,
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PATOB Bbopan6aii ToB6acapoBH4, JOKTOp TEXHHYECKHX HayK, mpodeccop, 3aBemyromuii kadenpoit
«l'eodpusuka u cericmonorus», Kazaxckuii HallMOHAIBHBIA UCCIIEIOBATENBLCKINA TEXHUYECKUI YHUBEPCUTET HM.
K. CarnaeBa (Anmarsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100; https://
www.webofscience.com/wos/author/record/1993614

POHHMU Bepuarccon, mnpodeccop, Jupexrop LleHTpa coBpeMEHHBIX OIMKHEBOCTOYHBIX HCCIICIOBAHH,
Jlynnckuit yrusepcurer (Jlymn, IIsemms), https://www.scopus.com/authid/detail.uri?authorld=7005388716;
https://www.webofscience.com/wos/author/record/1324908

MUPITAC Baagumup, PhD, npodeccop, BocTrounslii HaydHO-HCCIE0BATENbCKHI LEHTDP, YHUBEPCHTET
Apwans, (Apwdns, Wspamns),  https://www.scopus.com/authid/detail.uri?authorld=8610969300; https:/www.
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Abstract. Sandstone is one of the most abundant clastic sedimentary rocks,
comprising nearly a quarter of the sedimentary rock record, and is primarily
composed of quartz, feldspar, lithic fragments, and matrix. Sandstone provenance
analysis is crucial for interpreting source areas, tectonic settings, and sedimentary
history. The Dolokapa Formation in North Gorontalo Regency, located within the
tectonically complex Tomini Bay region, is dominated by sandstones interbedded
with mudstone, conglomerate, and volcaniclastic deposits of Middle to Late
Miocene age. This study aims to characterize the petrographic properties and
provenance of Dolokapa Formation sandstones in order to reconstruct their
tectonic and depositional evolution. Field surveys and representative sampling
were conducted in Sumalata Timur District, yielding five sandstone samples (D1-
D5). Petrographic thin-section analysis was performed using the point-counting
method to determine modal composition, classified following Pettijohn, and
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further assessed using Q-F-L, Qm-F-Lt, and Qp-Lv-Ls diagrams according to
Dickinson and Suczek. The results show that the Dolokapa sandstones consist of
two types: Lithic Arenite (D1-D4) and Feldspathic Wacke (D5). Their composition
is dominated by monocrystalline quartz (25-40%), feldspars (21-34%), and
volcanic lithic fragments (20—42%), with poorly to moderately sorted, angular to
sub-angular grains and moderate porosity. Provenance analysis consistently places
these sandstones within a magmatic arc setting, particularly in the Dissected Arc
subzone, with one sample plotting into the Recycled Orogen field. The Qp-Lv-Ls
diagram indicates an arc orogen source strongly influenced by volcanic detritus.
These findings suggest that the Dolokapa Formation sandstones were derived from
erosion of volcanic arc materials associated with subduction-related processes
in the Tomini Bay magmatic arc. This study provides new insights into the
sedimentary and tectonic history of North Gorontalo, highlighting the significant
role of volcanism, magmatism, and orogenic deformation in shaping its geological
framework.

Keywords: Dolokapa Formation, Magmatic Arc, North Gorontalo, Petrography,
Provenance, Sandstone
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AnHoTtanust. KymMTac — eH Ken TapajFaH KJIaCTHKAIBIK IIOT1H/1 KBIHBICTAPIBIH
Oipi, OapybIK MOTIH/I KBIHBICTAP/ABIH IIaMaMeH TOPTTeH OipiH Kypaiabl >KoHe
HETI3iHEH KBapIllTaH, Jaja IIIaTblHAH, JHUTHKAJIBIK (ParMeHTTepACH >KOHE
MaTpPUKCTEH Typajisl. KyMTacThIH IBIFY TETiH (provenance) Tajaaay OHbIH OacTarKsl
KO3i, TeKTOHUKAJBIK OpTajapbl XOHE MIOTIHAI TapWXbIH TYCIHIIPY VIIiH aca
MaHbI3/1bl. TOMIHM IIBIFAaHAFBIHBIH TEKTOHUKAJIBIK TYPFBIIAH KYpAEIi aifMarbIHa
opHanackan Conryctik ['oponTano aynansiaaars! [lonokamna ¢popmamnusicsl opra—
KeIl MHOIIEH JKaChIHIAFbl Ca3/bl TaKTaTacTapMeH, KOHIJIOMEpAaTTapMeH >KoHE
BYJKAaHOTCH/II MMOTIHAUTEPMEH KabaTTacKaH KyMTacTapJaH Typaasl. by 3eprrey
Jomnokara ¢opMarusChIHBIH KYMTACTapBIHBIH TETPOTpadusIbK KaCHeTTEPI MEH
IIBIFY TETiH CUIATTAl, OJAPABIH TEKTOHUKAIBIK YKOHE IMIOTIHIUTIK dBOTIONHSICHIH
KailiTa Kypymbl Makcar eremi. Jlamamblk JKYMBICTap MEH peINpE3CHTATHBTI
yarinepai skunay Cymanara Tumup aygaHblHAa Kyprizimin, O0ec KymTac yoirici
(D1-D5) anpanet. Iletporpadusanblk Tanmay YATUIEpAiH MOAAIBIB KYpaMbIH
aHBIKTAy YVIIH point-counting omicimen »xyprizinmi, llertnmxon OofibHIIA
knaccuukanusiaanapl xoHe Jukuncon men Cydek aumarpammanapsina (Q—F-L,
Qm-F-Lt, Qp—Lv-Ls) coiikec TeKTOHUKAIBIK TYPFBIIAH Oaramanmpl. HoTmkenep
Jlonokara KyMTacTapsl €Ki TYpACH TYpaThIHBIH KepceTTi: JINTHKaIbIK apeHHuT
(D1-D4) xone HamammarteiK Bakke (D5). KypaMbl HeriziHeH MOHOKpPHCTAJIbI
kBapraTan (25-40%), mama mmarrapeiHaHn (21-34%) JKoHE JKaHAPTAYIBIK
TUTHKANBIK ¢GparmenTtrepacH (20-42%) Typanbl, HamapiaH opTamara JeiiH
COpTTasFaH, OYphIITH—KApThIIail OYpPHIITHI TYHipIep MEH OopTalia KeyeKTiIiri
O6ap. llerry Terim Tammay Oyl KYMTAacTapIblH MarMajiblK IOFa OpTajapbiHa,
acipece Dissected Arc ki aiiMarbsIHa )KaTaTBIHBIH TYPAKTHI TypJe KepceTeni, 0ip
yarici Recycled Orogen aitmarbiaa Tycti. Qp—Lv—Ls quarpamMmacs skaHapTayIbIK
JMETPUTKE KATTHI TOYEJ Il MOFAIBIK OPOTCHIIK Ke3mi kepcereni. by HoTmkenep
Jonokara kymTactapsl TOMHHHM IIBIFaHAFBIHBIH MarMaJIbIK JJOFACBIH/A CYOTyKITHs
mpouecrtepiMe  OalIaHBICTBI  JKAHAPTAYNBIK ~ JOFAJBIK  MaTepHalgapiblH
9pO3USCHIHAH Taiiia 6oiFaHbiH qanenaeii. 3eprrey ContycTik [opoHTaIOHBIH
MIOTIHAUTIK KOHE TEKTOHUKAJBIK TapUXBIHA JKaHA Ke3Kapac Oepemi jkoHe aitMak
TeOJIOTHSUIBIK  KYPBUIBIMBIHBIH KaJBIITACyblHA BYJIKAaHU3M, MarMaTH3M >KoHE
OPOTCHIIK JAe(hOPMAMSIHBIH MaHBI3IBI POITIH KOPCETEI.

Tyiiin ce3mep: Jlomokama ¢dopmamusacel, MarManblk mora, ConTycTik
I'oponTano, nerporpadus, WBIFy TeTri, KyMTac
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AHHOTamUsl. Axmyarvnocme. llecqaHnwk sBISETCS OTHOW W3 HamOoJee
pacnpocTpaHEHHBIX OOJIOMOYHBIX OCAJOYHBIX ITOPOJ, COCTABIASA TTOYTH YETBEPTh
o0miero 00bEMa 0CaIOYHBIX TOINII, W TPEJCTABICH MPEUMYIIECTBEHHO KBapIIeM,
MOJICBBIMU IIMATaMM, JUTHYECKUMH (parMeHTaMH W MaTpUKCOM. AHalu3
MPOUCXOKACHUS (provenance) IMECYaHUKOB HMEET KII0YeBOE 3Ha4YeHHe s
PEKOHCTPYKIIMM 00JIacTel MCTOYHHUKOB, TEKTOHWYECKOW OOCTAaHOBKHM M MCTOPHH
ocankoHakoreHus. Dopmarus [omokana B paiione Cesepnbiii ['oponTaso,
pacrnoyoKeHHas B TEKTOHMYECKH CJIOKHOW 30HE 3aiMBa TOMHHH, TIPECTaBICHA
MeCYaHWKaM¥, T[EPEeCIanBalONUMUCS C  aprHWUIMTaMH, KOHIJIOMEpaTaMu
U BYJIKaHOTEHHBIMH OTJIOKEHUSMHU CpEIHEro—Io3gHero MuoneHa. [lers
uccredoganuss - OXapakTepu3oBaThb  HeTporpaduyeckue  0COOEHHOCTH
W YCTaHOBHTh MPOUCXOXKICHHWE TecuaHNKoB ¢opmanuu Jlomokamna st
PEKOHCTPYKITUH MX TEKTOHUYECKON M CEIMMEHTAITMOHHONW IBONIONUN. Memooul.
[TonmeBble wucciieoBaHUS W OTOOP PENPE3CHTATUBHBIX 00pa3IloB MPOBEICHBI
B paiione Cymamara Tumyp, rme ObUIO COOpaHO TATH OOPAa3IOB TMECYAHHKOB
(D1-D5). Ilerporpaduueckuii aHaau3 TOHKMX HUIM(OB BBIIOIHEH METOIOM
KOJIMYECTBCHHOTO TOUEYHOro rmojcuéra (point-counting), YTO MO3BOJHUIIO
OIIPEICIINTh MUHEPAJIBHBIA COCTaB, IPOBECTH Kiaccupukamuo mo [leTrumkony
1 OCYIIECTBUTH HHTEPIIpETaInio mo quarpammam Juknacona n Cydeka (Q—F-L,
Qm-F-Lt, Qp—Lv—Ls). Pe3yrsmamul u 661600bl. YCTaHOBICHO, YTO MECYAHUKHU
(dbopmaruu Jlonokara moapa3aenstoTcs Ha JIBa THITA: TNTH4YecKue apeHuTs (D1-
D4) u monesommarossie Bakke (D5). Mix cocTaB xapakTepusyercs mpeodiaianueM
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MOHOKpHUCTaundeckoro kBapma (25-40%), momeBbix mmaroB (21-34%) u
BYJIKaHOTEHHBIX JINTHYECKUX pparmMeHToB (20—42%). [Topoas! 001a1a10T MI0X0H—
CpeAHEH COPTUPOBKOH, YIIOBaTHIMH—CYOYIJIOBAaTbIMH 3E€pHAMU U YMEpPEHHOH
MOPUCTOCTHIO. AHAJIN3 IPOUCXOKACHUS YCTOMUUBO YKa3bIBaeT Ha (POPMUPOBAHHE
B YCJOBHUSIX MarmMaru4ecko Ayrd, MperMyIlecTBEHHO B moja3oHe Dissected
Arc, pu 3TOM OAMH M3 00pa3LOB AEMOHCTPUPYET NMpHU3HAaKHU 30HBI Recycled
Orogen. JIlnarpamma Qp—Lv—-Ls moaTBepkaaeT MUCTOYHUK JAYTOBOTO OPOTE€HA C
CYLIECTBEHHBIM BKJIQJIOM BYJIKAHOT€HHOTO JeTpuTa. llomyueHHBIE pe3ynbTaThl
CBHUJIETEJILCTBYIOT O TOM, 4TO IlecyaHuku ¢popmanuu Jlonokana copmMupoBanuch
B pe3yabTaTe 3pO3UM BYIKAHOAYTOBBIX MOPOJ, CBA3aHHBIX C CYOQYKLIHMOHHBIMU
mpoleccaMM B Ipeleraax MarMaTudyeckol nyru 3anuBa TomuHu. JlanHoe
HCCIIeIOBAHHE PACLIUPSAET IPEACTABICHUS O CEANMEHTAIIMOHHON M TEKTOHNYECKON
spomonnn pernona CesepHoro lopoHTano, moguépkuBas KIIOYEBYIO pOIIb
ByJKaHM3Ma, MarmMaTru3Ma H OpPOTEHHBIX naedopmanuii B (OPMHPOBAHUH €TI0
re0JIOrMYeCKOM CTPYKTYPBI.

KuaroueBnle ciaoBa: gopmarus [lomokamna, marmarndeckas ayra, CeBepHBIi
Toponrano, nerporpadusi, NPOUCXOXKICHHE, TIECYAHHK

Introduction. Sandstone is a clastic sedimentary rock that constitutes
approximately one-quarter of all sedimentary rocks, excluding volcanic sand and
carbonate sand. It belongs to the coarse clastic sediment group, characterized by
grain sizes ranging from 0.125 to 2 mm. Sandstone is commonly composed of
quartz, feldspar, cement, matrix, and lithic fragments (Pettijohn, 1975; Zou et al.,
2023; Raya and Hastuti, 2023; Han et al., 2023; Wu et al., 2024). The mineralogical
and textural characteristics of sandstone preserve important information about the
source rocks, transport history, and depositional environment, making sandstone a
key archive for reconstructing sedimentary basin evolution.

The term provenance originates from the French word provenir, meaning
“to come from” or “to originate.” In geology, provenance refers not only to the
source area of sediment but also encompasses broader aspects such as transport
distance, transport direction, sediment volume, grain size, lithology of the source
rocks, tectonic setting, climate, and relief of the source region (Pettijohn, 1975).
Provenance studies are closely related to plate tectonics theory, which provides
insights into whether sediments are derived from continental blocks, magmatic
arcs, recycled orogens, or collisional belts (Aini et al., 2019; Atmajaya et al., 2019;
Prabowo et al., 2022; Rochmana et al., 2023; Gonzalez-Acebron et al., 2025).
Consequently, sandstone provenance analysis has become an essential tool for
understanding regional tectonic evolution and basin development.

The geology of the Tomini Bay region is particularly distinctive and complex
due to the interaction of several tectonic domains, including the Eurasian, Pacific,
and Australian plates. This tectonic convergence has produced a mosaic of volcanic
arcs, ophiolitic complexes, plutonic intrusions, and sedimentary basins. The region
is dominated by volcanic andesites, plutonic rocks, limestones, sandstones, coal-
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bearing units, and alluvial deposits that are structurally controlled by active fault
systems, particularly the Gorontalo Fault, which reflects ongoing deformation
and seismicity (Permana et al., 2025a). Such a complex tectonic and lithological
setting provides a highly variable sediment supply, making Tomini Bay an ideal
natural laboratory for provenance analysis.

Three major formations in the study area are dominated by sandstone, namely
the Dolokapa, Randangan, and Lokodidi Formations. Among these, the Dolokapa
Formation (Tmd) consists of wacke sandstone, siltstone, mudstone, conglomerate,
tuff, agglomerate, volcanic breccia, and andesitic—basaltic lava flows, and is
interpreted to be of Middle to Late Miocene age. Sandstone outcrops of this
formation are widely distributed in North Gorontalo Regency (Salama et al., 2021;
Sandi et al., 2024).

Although previous studies have described the regional geology and stratigraphy
of the Dolokapa Formation, detailed and integrated investigations of sandstone
characteristics and provenance remain limited. Most existing works emphasize
lithostratigraphic descriptions and regional tectonics, while quantitative
petrographic and geochemical approaches for determining sediment sources,
tectonic setting, and sediment recycling in the Dolokapa sandstones are still
scarce. Furthermore, no comprehensive study has yet combined petrographic data
with provenance discrimination diagrams specifically for the Dolokapa Formation
within the complex tectonic framework of Tomini Bay.

Therefore, the research gap of this study lies in the lack of a systematic,
provenance-based evaluation of Dolokapa Formation sandstones that links
mineralogical composition, textural maturity, and tectonic setting. Addressing
this gap is crucial for improving the understanding of sediment supply and basin
evolution in northern Gorontalo and the broader Tomini Bay region.

The novelty of this research is the application of an integrated sandstone
characterization and provenance analysis specifically focused on the Dolokapa
Formation in North Gorontalo Regency. By combining petrographic characteristics,
compositional maturity, and provenance discrimination, this study provides new
insights into sediment sources and tectonic controls that have not been previously
reported for this formation. This approach allows a more refined reconstruction
of Miocene sedimentary processes in Tomini Bay and contributes to the regional
geological model of eastern Indonesia.

Based on this framework, the objective of this study is to analyze the
characteristics and provenance of sandstones from the Dolokapa Formation
in North Gorontalo Regency to better constrain their sedimentary sources and
tectonic setting.

Materials and methods. Location: The study area is geographically located
in Sumalata Timur District, North Gorontalo Regency, Gorontalo Province,
Indonesia, approximately between 122°28'0"-122°36'0" E and 0°52'0"—1°2'0" N
with a total area of about 157 km? (Figure 1). It lies within a topographic range
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from near sea level along coastal plains to hilly uplands generally less than ~200 m
above mean sea level, with some interior hills rising above this (typical of northern
Gorontalo terrain). The district is situated on the northern coast of Sulawesi,
immediately north of Tomini Bay. This coastal position places parts of the study
area in proximity to marine depositional environments, whereas inland areas
transition into more elevated volcanic and sedimentary terrain that is structurally
influenced by regional tectonics. The broader region is also affected by structural
features such as the active Gorontalo Fault system, which plays a significant role
in local deformation and sediment sourcing across the Tomini Bay margin.
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Figure 1. Administrative map of East Sumalata District, North Gorontalo Regency.

Materials: Representative sampling was carried out at selected sites with a
focus on sandstone units of the Dolokapa Formation. Samples were chosen based
on their fresh condition (unaltered and unweathered) and lithological variations.
A total of five sandstone samples (D1, D2, D3, D4, and D5) were collected for
petrographic analysis. These samples were deliberately selected to represent
the main lithological units and facies of sandstone exposed in the study area, so
that they adequately capture both lateral variations (along the strike and across
different outcrops) and vertical variations (between stratigraphic levels) within
the Dolokapa Formation. Sampling was conducted using a field-based geological
survey approach to ensure that the collected materials accurately represent the
overall characteristics of the sandstone units in the study area.

Methods: This study employed two main approaches: field geological
survey and laboratory analysis. Field survey consisted of in situ observations
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and macroscopic identification of rock characteristics, as well as the systematic
collection of sandstone samples for laboratory analysis. Laboratory analysis
involved petrographic examination of the five sandstone samples using a polarizing
microscope to identify rock types, mineral composition, and textural features.
Each sample was prepared as a thin section and analyzed in the Petrography
Laboratory, Geological Engineering Study Program, Department of Earth Science
and Technology, Universitas Negeri Gorontalo. The petrographic analysis aimed
to identify the constituent minerals based on their optical properties, describe
sandstone textures, and quantify the relative proportions of major minerals using
the point-counting method (Martinez et al., 2007; Dabek et al., 2023; Azzam et
al., 2024; Permana et al., 2022; 2025b; 2025¢). Sandstone classification followed
Pettijohn’s scheme, using normalized percentages of quartz, feldspar, and lithic
fragments.

Tectonic settings were interpreted using compositional data plotted on ternary
diagrams: Q-F-L (Quartz—Feldspar—Lithic), Qm-F-Lt (Monocrystalline quartz—
Feldspar—Total lithic), and Qp-Lv-Ls (Polycrystalline quartz—Volcanic lithic
fragments—Sedimentary lithic fragments), following the classification proposed
by Dickinson and Suczek (Bela et al., 2022; Sujatono, 2022; Kong et al., 2022;
Borgohain and Pandey, 2023).

Results and discussion. Results: Geomorphology: the geomorphology of the
study area can be divided into four units based on topographic and lithological
characteristics: lava flow ridges, denudational hills, alluvial plains, and coastal
plains (Figure 2).

LY

Figure 2. Geomorphology of the denudational hill unit
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Stratigraphy: Based on surface geological mapping, three lithological units were
identified in the study area, consisting of layered sandstone, massive sandstone,
and pyroclastic breccia. Massive sandstone is widespread in the study area (Figure
3). These units are named based on their lithological characteristics, including
sedimentary structure, texture, and mineral composition.

Figure 3. Distribution of massive sandstone unit.

Petrographic characteristics: petrographic analysis was conducted on five
sandstone samples (D1, D2, D3, D4, and D5). Results indicate two sandstone
types: Lithic Arenite (samples D1-D4) and Feldspathic Wacke (sample DS),
following the classification of Pettijohn (1975)(Figure 4).

[l

Arkosic Arenite Litharenate

Ff o N F

Figure 4. Determination of the type of sandstone name using the Pettijohn (1975) classification
based on the results of petrographic analysis.

Lithic Arenite (D1-D4): Thin-section analysis shows weak oxidation (2%),
with iron oxide likely acting as cement. Grain sizes range from 0.15—-8 mm, with an
average of 0.5 mm (coarse sand). The rock fabric is relatively compact, with poor
sorting and predominantly sub-angular to angular grain shapes. Grain contacts
include point contact, sutured, concavo—convex, and long contact types. Porosity
is represented by intercrystalline pores and secondary pores (6%) of vuggy and
moldic types. Mineral composition consists of monocrystalline quartz (25%),
polycrystalline quartz (5%), small foraminifera (2%), lithic fragments (20%),
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plagioclase (5%), orthoclase (11%), opaque minerals (3%), and calcite (7%). Fine-
grained matrix accounts for 12%, with alteration minerals such as clay (1%) and
chlorite (1%) also present (Figure 5).

1/ - Nikol ‘ T X- Niko
Figure 5. Petrographic analysis of sample section (D1) of lithic arenite.

Feldspathic Wacke (D5): Thin-section analysis reveals grain sizes of 0.1-0.3
mm, with an average of 0.2 mm (fine sand). The fabric is compact with relatively
good sorting, angular grain shapes, and porosity dominated by intercrystalline
pores and secondary vuggy pores (5%). Grain contacts include point contact,
concavo—convex, and long contact types. The mineral composition includes
monocrystalline quartz (25%), polycrystalline quartz (2%), orthoclase (17%),
plagioclase (6%), opaque minerals (5%), and lithic fragments (20%), with fine-
grained matrix comprising 20% (Figure 6).

/- Nikol . o X - Nikol
Figure 6. Petrographic analysis of sample section (D1) of feldspathic wacke.

328



ISSN 2224-5278 2.2026

Provenance and tectonic setting analysis: provenance and tectonic setting
were interpreted using sandstone modal compositions obtained from thin-
section petrography, following Dickinson and Suczek (1979). The compositional
parameters include:

1. Quartz: subdivided into total quartz (Q), polycrystalline quartz (Qp), and
monocrystalline quartz (Qm).

2. Feldspar (F): subdivided into total feldspar (F), plagioclase (P), and
K-feldspar (KF).

3. Lithic fragments (L): subdivided into total lithic (L), volcanic lithic (Lv),
and sedimentary lithic (Ls).

These data were plotted on ternary diagrams (Q—-F-L, Qm—F-Lt, and Qp-Lv—
Ls) to determine provenance and tectonic settings.

Q-F-L diagram: the Q-F-L diagram (Table 1) shows that the Dolokapa
Formation sandstones are generally associated with a magmatic arc setting,
primarily within the Dissected Arc subzone, while one sample (D1) plots into the
Recycled Orogen subzone (Figure 7A). The Dissected Arc represents island arcs
that have undergone significant erosion, fragmenting the arc into smaller islands.
In contrast, the Recycled Orogen subzone represents sediment recycled from
ancient orogenic belts.

Table 1. Model composition (Q—F—L) of Dolokapa Formation sandstones.

Observation Sandstone Name Mineral Composition Amount (%) Total (%)
Station (Pettijohn, 1975) Q F L
D1 Lithic Arenite 45.4 24.2 30.4 100
D2 Lithic Arenite 40.5 24.3 35.2 100
D3 Lithic Arenite 40 27.1 32.9 100
D4 Lithic Arenite 36.6 21.1 423 100
D5 Feldspathic Wacke 38.5% 32.8 28.7 100

Qm-—F-Lt diagram: results from the Qm—F-Lt diagram (Table 2) further confirm
that all sandstone samples plot within the Dissected Arc subzone of magmatic arc
settings (Figure 7B). Together, the Q-F—L and Qm-F-Lt diagrams consistently
indicate a magmatic arc provenance.

Table 2. Model composition (Qm—-F-Lt) of Dolokapa Formation sandstones.

Observation Sandstone Name Mineral Composition Amount (%) Total (%)
Station (Pettijohn, 1975) Qm F Lt
Dl Lithic Arenite 40.9 26.2 32.9 100
D2 Lithic Arenite 343 26.8 38.9 100
D3 Lithic Arenite 37.3 28.3 34.4 100
D4 Lithic Arenite 35.7 21.4 429 100
D5 Feldspathic Wacke 36.7 33.8 29.5 100
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Figure 7. (A) Q-F-L diagram showing samples in the Dissected Arc and Recycled Orogen
subzones. (B) Qm-F-Lt diagram confirming provenance within the Dissected Arc.

Qp-Lv—Ls diagram: the Qp—Lv-Ls diagram (Table 3) was used to further
distinguish arc-related sources. All samples plot within the arc orogen field,
dominated by volcanic lithic fragments (Lv), indicating a strong volcanic input
(Figure 8). This pattern reflects a tectonic setting where sedimentation occurred
in a volcanic arc environment associated with subduction, evolving toward a
collisional orogen.

Table 3. Model composition (Qp—Lv-Ls) of Dolokapa Formation sandstones.

Observation Sandstone Name Mineral Composition Amount (%) Total (%)
Station (Pettijohn, 1975) Qp Lv Ls
D1 Lithic Arenite 15 35 50 100
D2 Lithic Arenite 11.21 36.26 52.53 100
D3 Lithic Arenite 11.54 35.38 53.08 100
D4 Lithic Arenite 3.23 41.03 55.74 100
D5 Feldspathic Wacke 9.10 36.36 54.54 100

Subduction
complex
Collision suture

Lv Ls

Figure 8. Qp—Lv—Ls diagram showing all samples clustered in the arc orogen field.
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Tectonic model: the provenance and tectonic interpretation can be summarized
in the magmatic arc model illustrated in Figure 9. In this setting, subduction
of oceanic lithosphere beneath a continental or arc margin generated partial
melting, producing magmas that built volcanic arcs. These volcanic edifices
were subsequently eroded, supplying volcanic detritus to adjacent basins. The
petrographic evidence from the Dolokapa Formation sandstones demonstrates that
they were primarily derived from erosion of volcanic arc sources, confirming the
influence of subduction-related processes in the Tomini Bay region.

-Magmatic Arc-

Imbricate Subduction
Complex _Lee-=reeal

Trench Fill AET ’ Forea;::: Basin .

III_III.I_III|||‘|'-|--“' ]
i ““l“ll

Oceanic Plate Descent

Continental Crust

Figure 9. Tectonic model of sandstone provenance in a magmatic arc setting (after Dickinson
and Suczek, 1979).

Discussion: The geomorphological framework of the study area, comprising
lava flow ridges, denudational hills, alluvial plains, and coastal plains, reflects the
combined influence of volcanism, tectonic uplift, and erosion. Lava flow ridges
represent remnants of volcanic edifices that served as major sediment sources,
whereas denudational hills expose eroded volcanic—sedimentary successions of the
Dolokapa Formation. The alluvial and coastal plains indicate sediment reworking
and redistribution toward the Tomini Bay margin, suggesting that sediments were
transported from volcanic highlands into a proximal basin setting.

Stratigraphically, the association of massive and layered sandstones with
pyroclastic breccia indicates deposition within a volcaniclastic-dominated basin.
Massive sandstones likely record high-energy depositional processes such as
channelized gravity flows or proximal deltaic input, whereas layered sandstones
and breccias reflect episodic volcanic and sedimentary events.

Petrographically, the dominance of Lithic Arenite (D1-D4) and Feldspathic
Wacke (D5) indicates low to moderate sediment maturity. High proportions of
lithic fragments and feldspar, angular to sub-angular grain shapes, and poor sorting
reflect short transport distances and rapid deposition, typical of tectonically active
volcanic arc settings. The abundance of volcanic lithics, plagioclase, and matrix-
rich textures supports derivation from unstable, rapidly eroding arc-related source
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rocks. Secondary porosity suggests post-depositional diagenesis but does not
obscure the primary provenance signal.

Provenance discrimination diagrams consistently place the Dolokapa sandstones
within a magmatic arc, predominantly in the Dissected Arc field. This indicates
derivation from an eroded volcanic arc, where volcanic edifices and associated
plutonic rocks were uplifted and dissected. The minor Recycled Orogen signature
observed in one sample (D1) suggests limited sediment recycling from uplifted
older arc or accretionary complexes, likely related to tectonic activity along the
Gorontalo Fault system. The Qp—Lv—Ls diagram further confirms an arc orogen
source dominated by volcanic lithic fragments, indicating strong volcanic input in
a subduction-related tectonic environment.

These results are consistent with previous geological interpretations of the
Tomini Bay region, which describe the Dolokapa Formation as part of a Miocene
volcaniclastic system associated with arc tectonics. However, earlier studies
mainly emphasized stratigraphy and regional tectonics, whereas this study provides
quantitative petrographic and provenance-based constraints on sediment sources.
The identification of lithic arenite and feldspathic wacke, together with their
systematic plotting in arc-related fields, refines earlier qualitative interpretations
and demonstrates that the Dolokapa sandstones were derived primarily from a
dissected volcanic arc.

Regionally, the dominance of arc-derived detritus indicates that during the
Middle to Late Miocene, northern Gorontalo was located close to an actively
eroding volcanic arc supplying large volumes of volcaniclastic material to
adjacent basins. This supports tectonic models that interpret Tomini Bay as part
of a convergent margin or arc—back-arc system influenced by subduction. The
minor recycled component further implies episodic uplift and erosion of older
arc or accretionary complexes, highlighting the dynamic tectonic evolution of the
region.

This study is limited by the number of samples and by reliance on petrographic
modal data alone. Although the five samples were selected to represent lateral
and vertical lithological variations, additional geochemical and geochronological
data (e.g., whole-rock geochemistry, heavy minerals, detrital zircon U-Pb dating)
would allow more precise discrimination of sediment sources and tectonic
evolution. Future integrated studies are therefore required to further refine the
sedimentary and tectonic history of the Dolokapa Formation and the Tomini Bay
region.

Conclusion. The sandstones of the Dolokapa Formation in North Gorontalo
Regency are classified into two main types: Lithic Arenite (samples D1-D4)
and Feldspathic Wacke (sample D5). Petrographic analysis reveals that these
sandstones are dominated by quartz, feldspar, and lithic fragments, with angular
to sub-angular grains, poor to moderate sorting, and both intergranular and
secondary porosity. Provenance analysis using Q—F-L, Qm—F-Lt, and Qp-Lv—Ls
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diagrams consistently indicates a magmatic arc tectonic setting, primarily within
the Dissected Arc subzone, with one sample plotting into the Recycled Orogen
subzone. The dominance of volcanic lithic fragments highlights a strong influence
of volcanic sources. These results demonstrate that the Dolokapa Formation
sandstones were derived from the erosion of volcanic arc materials associated
with subduction-related processes in the Tomini Bay magmatic arc, reflecting
a geologically complex system strongly controlled by volcanism, magmatism,
and orogenic deformation in North Gorontalo. Scientifically, these findings
provide quantitative petrographic evidence that constrains the Miocene tectono-
sedimentary evolution of the Tomini Bay region, support models of arc-related
basin development in northern Sulawesi, and offer a reference framework for future
provenance, basin analysis, and resource-related studies in eastern Indonesia.
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