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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.

KaszakcmaH Pecrniybnukacbl ¥nmmbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibIMOap Cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze kKabbindaHraHblH xabapnaldbl. byn uHdekcmerny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, 6acnawhbinap MeH MeKemesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHadbl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramdacmbiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMOap 6olbiHWa KoHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, 4ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu U mexHu4eCcKux
Hayk» bbln npuHsam O uHOekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Usesecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpuUpyem Hawy nNpueepXeHHOCMb K Haubosee akmyarbHOMY U 8/1USIMEIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam O5isi Hawezo coobujecmea.
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UPLIFT RATE OF GORONTALO LIMESTONE (INDONESIA) BASED
ON BIOSTRATIGRAPHY ANALYSIS

Abstract. The uplift rate of Gorontalo limestone is highly dependent on the completeness of age and depth
data. All data needed can be obtained based on complete biostratigraphy analysis. The research material used was a
24 meter thick limestone out crop. The aim of the research was to determine the absolute age of limestone,
paleobathimetry and uplift rate of limestone in the research area. The three methods used consisting of the measured
section(MS), biostratigraphy analysis and tectonic analysis. Bio datum in the limestone is only one, namely LO
Globoquadrina dehiscens. Determination of paleobathimetry using two methods. The uplift rate of limestone is
0.0699-0.0724 mm/year.

Keywords: uplift rate, limestone, Gorontalo, biostratigraphy.

Introduction. The Indonesian archipelago is geologically the center of the meeting of three of
world's main active plates, the Indian-Australian Plate which moves north-northeast, the Pacific Ocean
Plate moves west-northwest and the Eurasian Continent Plate is almost static [1-4].

Sulawesi Island, which is located in the central part of the Indonesian Archipelago resembles the
letter K. This form is influenced by the movement of the three main plates of the world. Based on regional
physiography, Sulawesi Island is divided into South Arm, Middle Part, North Arm, East Arm, Southeast
Arm and Neck [4].

Gorontalo which is part of the North Arm of Sulawesi has very complex geological conditions due to
tectonic influences. The spread of quarter age limestone in the Gorontalo plains and Pliocene-Plistocene
limestone around Lake Limbo to are evident. The effect of tectonics is very strong, especially from the
position of reef limestone that is quarter age in the Gorontalo region. This reef limestone undergoes a very
strong elevation, proven by field data near Gorontalo and the northern coast of Tanjung Daka [4-6].

The influence of tectonics on uplift rate limestone in Gorontalo has yet to be known how fast until
now. This is inseparable from the data of limestone of Gorontalo that is regionally by dividing it into two
large formations without knowing the absolute age and paleobathimetry so that the uplift rate of Gorontalo
limestone is unknown. For this reason, based on the background, three main objectives of this research
were raised, which are, to find out the absolute age of limestones, to know paleobathimetry and uplift rate
of limestone.

Material and Method. The research location is in Yosonegoro region, Gorontalo Regency, which is
the northern part of the Lake Limbo to basin with coordinates (00°39'6.7222"North, 122°54'50.0385"East)
to (00°39'6.9397" North, 122°54'57.5275"East) (figure 1). 24 meter high limestone outcrop research
material. The research method carried out consisting of three methods namely the measured section (MS),
biostratigraphy analysis and tectonic analysis. The MS method measures the detail of the coating using a
Jacob’s staff at 1.5 meter intervals by systematic lithology sampling from the oldest to the youngest rocks
[7, 8]. Biostratigraphy analysis using the Olympus SZ61 binocular microscope to identify the types of
fossil planktonic and benthonic for a mini ferain determining the age of rocks and paleobathimetry [9-19].
Tectonic analysis to calculate the uplift rate based on absolute age data of limestone, paleobathimetry and
current position of elevation [20-22].
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Figure 1 — Location of limestone research in Limboto area, Gorontalo Regency, Indonesia

Results and discussion. The measured section results at the research location helped to determine the
thickness of one stratigraphy path way and determine the exact position of the sample for biostratigraphy
analysis. A total of 10 samples that carried out biostratigraphy analysis based on facies obtained from
measured section results. The samples taken certainly contain planktonic foraminifera fossils and bentonic
based on grain size and the content of foraminifera fossils.

Biostratigraphy analysis in 10 limestone samples contained 17 types of planktonic foraminifera fossil.
The distribution of 17 types of planktonic foraminifera fossil can be seen in figure2. Based on figure2,
interpretation and analysis of the distribution of the biostratigraphy zone and the position of the bio datum
in the stratigraphy path way can be done. The research location is divided into two biostratigraphy zones,
with details as follows:

1. Zone PL2

Definition: The upper boundary of PL2zone is not found. The lower boundary is LO Globoquadrina
dehiscens.

Discussion: This zone is Globoquadrina dehiscens partial range zone. ZonePL2 (part) is equivalent
to the zone PL2 [14] and zone N19 [23]. This zone represents the youngest planktonic foraminifera (top).
LO Globoquadrina dehiscens [14, 24] were found in 3G samples. The contents of fossil association in this
zone are Globigerinoi desimmaturus (deLeroy), Globigerinoi desquadrilobatus (d'Orbigny), Globigerinoi
desruber (d'Orbigny), Globigerinoi desruber (d'Orbigny), Globigerinoi dessacculiferus (Brady),
Globorotalia humerosa (Takayanagi and Saito), Globorotalia plesiotumida (Blow and Banner), Pulle-
niatina precursor (Banner and Blow) and Pulleniatina obliquiloculata (Parker and Jones). In this sample
also found rework fossils in the form of Globorotalia juanai (Bermudez and Bolli) and Globorotalia
menardii (d'Orbignyin Parker, Jones and Brady). The presence of this species is estimated to be reworks
originating from older rocks. The thickness of this zone is 13 meters (interval 11-24 meters)

Age: Early Pliocene. 7 — 5,80Ma.

2. Zone PL1

Definition: The upper boundary is LO Globoguadrina dehiscens. The lower boundary is not found.

Discussion: This zone is Globoquadrina dehiscens partial range zone. Zone PL1 is equivalent to the
zone PL1 [14]and zone N18 [23]. The initial datum of this zone is not found. At the end of this zone is LO
Globoquadrina dehiscens [14, 24]. LO Globoquadrina dehiscens was found in 3G samples. The presence
of Globoquadrina dehiscens in samples of 3B, 3C, 3D, 3E, 3F and 3G. This species was not found in the
samples above, namely 3H, 31 and 3J samples.

The contents of fossil association in this zone are Globigerinoi desimmaturus (de Leroy), Globi-
gerinoi desquadrilobatus (d'Orbigny), Globigerinoi desquadrilobatus (deOrbigny), Globigerinoi desruber

— ] —
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(d'Orbigny), Globigerinoi dessacculiferus (Brady), Globigerinoi dessubquadratus (Bronnimann), Globo-
rotalia acostaensis (Blow), Globorotalia humerosa (Takayanagi and Saito), Globorotalia tumidatumida
(Brady), Hastigerinaa equilateralis (Brady), and Pullenia tinapracursor (Banner and Blow). In this
sample also found rework fossil in the form of Globorotalia continuosa (Blow) and Globorotalia juanai
(Bermudez and Bolli). The presence of this species is estimated to be reworks originating from older

rocks. The thickness of this zone is 11 meters (interval 1 - 11 meters).
Age: Early Pliocene. 5,80 - ? Ma.

o lI=[T| |= @ = =| ©
= 1z Ie|lo|lod8 ERES 2 S| = [To
<] = | =2 = z| o S | T D — o
gl = Bl212 (2|88, 88|33 «|slsds|El-ded _ [25] . 2
Sl » 2018 |5 | 8T I2E|24 5| SE?| B8 28w | 2255y 2 |= ° =
= 0] N|SI= 5|0 ecE gL 2| alss|B|=ES|2 | 2|5@[85] € | o] 5 : Tl =
| o . o\ 12| 5 |2l 2 2|85 2| 5|25 2|5 28 E |5 (302 & || & | BiceventDatum| 2| S
E| c |Lithology |8\ |2|5|% |T|&8|5ef=2] &| 2|58 E|S RS2 ||t —. |2x| @ h =25 ¢
5| ¥ S\ 13[5]2|&51558< §|EfF 8|5 18Y | E|agSs = |5P| ¢ | (@gesinMa) | BN | G
3 e ] 5 = = = 2 e
== o\ |BE|5 |2 S [-msE 8| 552 = |E BEE | 2EECH 2 | 58| z
= s \|2G 51g28 | 28zl & 5laPos| 89y @ | o8 @
2 3lgl® 0| 5 50|58 —H 5, | [ Eg
© @ o B e a|T m
(9] 1S) )
THHEHHHEHEE HHHHE
p v [} 1 [ HEEERERE
R N 1 1 1 H 1 [ 1 [
gy [u || ' i AR
R B 1 1 ' ' EEEE R "
R NN 1 1 " 'R 1 [
w e [n || ' i AR
] ] vt i ] '
' ' ) il ¥ 1
" ' e L ] 1
] ] LI H ] '
i i e o ] 1
" " [N = ' 1
] ] [ H ] [
i i ! n i 1
" " ! - ' 1
i 1 ! i 1 1
i i o H i 1
" " 1t 1 " 1
1 ] nt H ] '
i ] ot [} ] '
" " e 1 " '
1 ] : ) H ] :
THITHHHEE THHHHEIR &
. P ' I ' il (R [y
2 sl 1Y : BHHE | 2|2 )&
[e] — 3l : . . C . BERE] "
- HE HEHEE THHEE
n A H [ H NN [«}]
Q A : 1 i AHHE c
E 1HE IEHEHEUTTHHHE @
— Hpafe|? ' 1 ! HHEE O
| [ : " H - H : 1 [ H o
o : ! g ' 1 H o i S
2 Bl I EHEIRHE : T
B H : i
.8 e H E ! HHE . LO Globoquadrina >
= - 3F |1 : : e dehiscens (5.80) _—
— - 3E 1 - S ) ]
5 L] it e [
HI T HHHIE ElalaE @
H [N ] Lo Q
! ' [ ' H | e | n O
1 1 1 1 " 1 —
[ [ 1 1 1 1 1 1 ] 1 <
HIEHHE ] I S o
3D ! il 1 BRI R [T
6 el L el A = ] Se
' v H o Bl R T o>
S L THERHHHERE A AR o N S ESc
e H HERE . HHEEE 'EE
4 : H H 0 1 | b
' AR H HHEIEE ©
[ ' : : 1 R ER] 1 S.2
! i AR i R ot
2 H HHE H HHEH R _gm
3B ' v H e8] o
IHUHHHHEHHEE THHEHE 2
sl [ H ] 1 N 1 1 1 1 1 1 (D
IR IR o [ RN 1
0 3A LR LA o 1 1 AR 1
Legend : .
Gg :Globigerina Abudance (A) _.»* Should still go but not found
Gs :Globigerinoides Common (C) _~ Reworked fossil
Gg :Gioboquadr.'ma Frequent (F)
Gt :Globorotalia Rare (R)

H. :Hastigerina
Pu. :Pulleniatina

Very Rare (VR)

Figure 2 — Distribution chart danbiozo nation planktonic foraminifera in research area

Based on the division of two biostratigraphy zones, the position of the bio datum of LO Globoqua-
drina dehiscens was found at a thickness of 11 meters, namely the 3G sample. Based on the classification
of [14] the absolute age of LO Globoquadrina dehiscens was 5.80 Ma (million years ago). After knowing
the absolute age, the interpretation of the position of the elevation location of the study and paleobathi-

metry were interpreted in the 3G sample.
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The elevation position of the research location is based on direct measurements using the Global
Positioning System(GPS) which is 70 meters.

The Paleobathimetry of 3G sample based on biostratigraphy analysis refers to two methods, namely
the method of [9] and the combined method of [11, 25]. The Paleobathimetry of 3G sample refers to the
method of [9] using the calculation of the formula equation D = ¢/*%*"* *1-29 1) yalue is depth while P is
the pelagic ratio. The requirement forusing this formula equation is the P value must be known from the
comparison of the content of the number of fossils of planktonic and benthic foraminifera. The P value in
sample 3G after being calculated is 75% so that the value of D or paleobathimetry can be known as
338.661 meters.

The Paleobathimetry of 3G sample refers to the method of [11] based on the overlay of benthic
foraminifera fossil content. The fossil content of benthic foraminifera consists of Fijinonionfijiense
(Cushman and Edwards), Gyrodinoidessoldanii (d'Orbigny), Melonisaffinis (Reuss), Nonionfabum
(FichtelandMoll), Pararotaliavenusta (Brady), Praeglobobulimina ovata (d'Orbigny), Rhabdammina-
discreata (Brady) and Saccorhizaramosa (Brady). Based on the content of benthic foraminifera fossil,
paleobathimetry is obtained in the uppers lope zone with a depth of 283.65-366 meters. The Paleobathi-
metry obtained is still in the range of depth, then the paleobathimetry correction curve [25] was used by
looking for the middle value (median) obtained 324.825 meters

Calculation of the uplift rate in the research area was carried out by comparing the total depth of the
limestone since it was formed or deposited until this time divided by the absolute age of the limestone.
The total depth value of the limestone summed the thickness of the bio datum position from MS result
with the current elevation position and paleobathimetry. Calculation of limestone elevation using two data
paleobathimetry namely the method of [9] and the combined method of [11,25]. The results of calculating
the limestone uplift can be seen in table.

Calculation Comparison of Limestone Uplift Rate

Paleobathimetry Elevation Bio datum position Uplift rate Rate
Method i
(meters) (meters) (meters) (mm/year) comparison
[9] 338.661 70 11 0.0724 Lo
[11,25] 324.825 70 11 0.0699 '

Comparative analysis of the uplift rate of limestone using both methods produces almost the same
results. Difference in the ratio of the two uplift rates if rounded 1: 1 or the uplift range 0.0699-
0.0724 mm/year.

Conclusion. Biozonation of plangtonic foraminifera in the research area consisted of two, namely
PL1Zone and PL 2Zone with bio datum of LO Globogquadrina dehiscens(5.80Ma) equivalent to the Early
Pliocene. The depth of limestone was calculated based on the calculation of the total position of the bio
datum of MS results with the current elevation position and paleobathimetry. Based on the data of
absolute age and limestone depth since it was formed until it was elevated up to its current position, the
uplift rate of limestone in the study are aranged from 0.0699-0.0724 mm/year.
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TocynapcTeennrlii yausepeutet 'oponTano, UHKeHEpHO-T€0IOTMIECKAN (haKyIIbTET,
T'oponTano, Unnone3us,
2Vuusepcurer ['ajxa Mana, UrxeHepHO-reosiorudeckuii gpakybrer,
JxokbsikapTa, UngoHe3ust

CKOPOCTBH IOABEMA U3BECTHSAKA 'OPOHTAJIO (MHAOHE3US)
HA OCHOBE AHAJIN3A BUOCTPATUI'PA®UN

AnHoTtanusi. CKOpOCTh NMOIBbEMa H3BECTHSKA | OPOHTANO OYEHb CHIBHO 3aBHCHUT OT MOJHOTHI M TIIyOHMHBI
JAaHHBIX. Bce HeoOXOoOMMble NaHHBIE MOTYT OBITH ITONyYEHBl HAa OCHOBE NOJHOTO aHanm3a Omoctpaturpaduu. B
Ka4ecTBE MCCIIEI0BATEIbCKOTO MaTepHaa UCIIOIb30BAJICS CIION U3BECTHsKA TOMIUHON 24 M. Llenbio uccnenoBanms
SIBUJIOCH OTIpEJeIeHNne a0COIFOTHOTO BO3PAcTa U3BECTHIKA, Mac00aTHMETPHH U CKOPOCTH TOAHSATHS U3BECTHSIKA Ha
HCCIeayeMol TeppuTopruu. Vcnonp3yroTess TP METOJa, COCTOSIINe M3 m3MepuTenbHoro paspesa (MP), Ouocrpa-
TUTpa(hUIECKOTo aHAIN3a U TEKTOHWYECKOTO aHaln3a. B KadecTBe MCXOMHOTO OMO-YPOBHSI B U3BECTHSKE MCIIONB30-
Bajics Tonbko LO Globoquadrina dehiscens. Ompenenenne maaeo0aTUMETPHUH POBOAMIOCH C HCIOIB30BAHUEM
IByX MeTo10B. CKOPOCTh MmorbeMa u3BecTHsAka coctasmia 0,0699-0,0724 mm/ro.

Ki1roueBble cj10Ba: CKOPOCTH MObeMa, M3BECTHAK, I opoHTano, bnoctparurpadus.
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