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Abstract— Middle Miocene Climatic Optimum (MMCO) is widely distributed and associated with increasing temperatre and CO,
content in the atmosphere. The effects of MMCO ar@entified in the mid-latitude region, with lack of examples from the low latitude
areas. In this study, we aim to determine the effeof MMCO at Cibulakan Formation of Bogor Basin, Indonesia, which is situated in
lower latitude. We took 58 samples from the Cibulakin Formation, which is exposed along Cileungsi Rive for quantitative
nannoplankton (the abundance ofHelicosphaera cartedi analysis to mark increasing and decreasing salityi event, as they are
sensitive to temperature. Temperature relates to thealinity of the seawater due to evaporation. Fronour analysis, we identified sea
surface temperature change in Early Miocene which wapresumably due to small scale Early Miocene gladian and active tectonic
during the period. The warmer temperature took placeon Middle Miocene as the effect of a warm and opesea environment during
Mid Miocene Climatic Optimum. Afterward, the temperature continued to rise until the late Miocene, a& had been triggered by the
increasing global temperature at the Pacific Ocearand widely distributed clean water at North West Jaa Basin during the
depositional period.
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evidence and impact is due to lack of geochemiatd dnd
[. INTRODUCTION guantitative microfossil analysis in continuous tset

Mid- Miocene Climatic Optimum (MMCO) is one of the middle _Miocene sed_iments, e'_specially in_ Indonedials
global climatic events during Middle Miocene, whigh  Study aims to determine the evidence and impaMMCO
indicated by increasing temperature [1], [2]. Theréase of b"?‘SEd on nannop!ankton analysis in early - middieckhe
temperature during such a period is often integurdb be ~ CiPulakan Formation.
related to geological activity, which is followedyb A Geology Setting
increasing CQ in the atmosphere. The impact of MMCO
was widely distributed and associated with the éase of
temperature by % in the mid-latitude region [3]. Moreover,
Antarctic vegetation in MMCO indicates the average
temperature of 1°C, which is warmer than the summer
period in the present day, with average annualsseface
temperature 11°% [3].

The change in nannoplankton population reflects the . ; . : o :
increase of temperature during MMCO as it is saiiitto dep_osmonal environment prov.|ded high siliciclasti
temperature change. An increase of temperature fo@to sediment supplies from the continent. The changehef

8°C during the MMCO, not only affect the diversitydan depositional environment in the back-arc settingswa
population of nannoplankton but also optimizes the controlled by sea level changes both regional arstasy.

coccolithophores evolution and its high diversity. [ grownir_lg phasedduring this age hadl (;esrL‘JIted in_ _the
Aside to its global effect, evidence of MMCO is yer eepening upward sequence and revealed the toansiti

limited in the tropical area. Limited knowledge EMCO shallow marine environment.

The research area is situated along Cileungsi River
Bogor, West Java within the area of North West Basin
[5] (Figure 1 A.)). This basin was formed by thelisadn of
the Eurasian Plate with the Indian Australian Pldteing
Late Cretaceous to early Eocene [5, 6, 7, 8]. Timal&€kan
Formation was deposited in the early — late Miocenthe
back-arc basin setting [5] (Figure 1B). The stable



Generally, Cibulakan Formation consists of intedmst

of claystone and sandstone, and minor limestone as

intercalation [9, 10] bounded by conformity surfaatethe
base and unconformity surface at the top by théakaing
and Parigi Formation respectively. [5]. Moreoveih@akan
Formation has an interfingering connection withildaur
Formation which had been deposited in the deepnmari
environment [11].

Sea level rise during the early Miocene had stathed
transgressive phase by changing the terrestriat@maent
of Jatibarang Formation the transitional environtmg.
The base of the Cibulakan Formation was depositeithé
paralic environment and close to active delta mdgtion
[12]. Then a transgressive phase progressed ietaniddle
part of Cibulakan Formation and showed gradual gkan
from paralic environment to shallow clean water
environment before eventually occupied by offshder
sediments. At the top of them, there was claysttme
bioturbated silty claystone and then calcareniieetitone
[11].
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Fig. 1 (A). Structure map of West Java (Modifiednfr [5]). The research
area (red box) occupy Bogor Through. (B) Schematiss section of West
Java SW — NE (Modified from [7]). Cibulakan Fornuatiinfill back-arc
basin setting in Bogor Through (red box).

Il. MATERIAL AND METHOD
The study was carried out by taking a detailed nnéag

The other 25 samples (RBK 25 - 11) were collected
as Sequence lll, where high-resolution sampling in
interbedded claystone and sandstone was carried out
at the top of this sequence, with 1.5 m spacing.

We prepared the samples using a quick smear slides
method [13]. Samples were crushed, and the powdee w
smeared in the cover glass. The powders then weesed
by Canada balsam and covered by a thin cover glass.
maintain the original composition of sediment, natenial
was added during preparation. We used the Fieldief
(FOV) method for the quantitative method [13].
Nannoplankton observation was performed in
Micropaleontology Laboratory, Department of Geolpgy
Institut Teknologi Bandung using polarization migctope
Nikon Alpha shot YS2-H.
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Fig. 2 Geological map (top) and cross section @ojtof the Cileungsi
River (Modified from [14]). Red dots represent #anple locations.

I1l. RESULT AND DISCUSSION

The Cibulakan Formation was deposited in the ofisho
environment, indicated by thick offshore shale ssmes
and capped by bioclastic limestone. We divideduésical
section of the formation (from bottom to top) toreé
sequences (Sequence |, Sequence Il, and Sequdpce I
which bordered by bioclastic limestone.

The sequence | is characterized by 350 metersrbgk
of claystone, which followed by 500 meters interiaation
of thin sandstone and claystone, before gradudilyirsy to

section and systematic sampling. We made a five kmwackestone-packstone limestone unit at the top haf t

traverse on a continuous sedimentary rock expostare,

sequence (Figure 3). The limestone unit containgabi

observe sediment's dynamic and short-term chandes o fragments of coral and foraminifera to indicatensgressive

nannoplankton biostratigraphy (Figure 2). We oledirb8
samples, which most of them were taken from thgsttae
and limestone intervals of the Cibulakan Formation.

We divided the sampling strategy into three seqegnc

environment.

Sequence Il starts with 1250 m interbedded of ttaes
and sandstones at the bottom and followed by 3006f m
interbedded thick limestones and claystones. Téigisnce

Samples RBK 39 — 58 were taken from Sequence I. has more biota fragments in the limestone tharegugnce |
We conducted a 5 m spacing of sampling at the fop 0 (Figure 4), as the result of sea level rise, wiigcmarked by

sequence, bioclastic limestone.

intensive limestone as the cap of clastic sedintdatvever,

Twelve samples (RBK 38 - 26) were collected from Sequence Ill shows interbedded claystones and tarmads

Sequence Il.

as the representation of regressive process (Fiure



Fig. 3 Sequence | at Cibulakan Formation; (A) $ectdf Sequence | at
Cibulakan Formation in the research area. (B) €tme at the bottom of
Sequence | with Cruziana sp. ichnofossil (locatainthe photograph is
bordered by black box at sedimentation profile)). &erbedded sandstone
and claystone at the middle of Sequence | (locatibrphotograph is
bordered by blue box at sedimentation profile).. (jnestone at the top of
Sequence | with coral (CR) and large benthic forafeia (LBF) fragments
(location of the photograph is bordered by red &bgedimentation profile).

Fig. 4 Sequence Il at Cibulakan Formation; (A) ®ecbf Sequence Il at
Cibulakan Formation in the research area. (B)rimmded sandstone and
claystone at the middle of Sequence | (locatiopludtograph is bordered
by black box at sedimentation profile). (C). Limmw at the top of
Sequence I with intensive encrusting algae (Algid adarge benthic

foraminifera (Fr) fragments (location of the phatmgh is bordered by red
box at sedimentation profile).
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Fig. 5 Sequence Il at Cibulakan Formation; (A) tBetof Sequence Il at

Cibulakan Formation in the research area. (B)lmmded sandstone (SS)
and claystone (CS) at Sequence Il (location ofghetograph is bordered
by red box at sedimentation profile).

Early — Late Miocene age for the Cibulakan Fornratio
the research area is confirmed by the nannoplankton
biozones [15]. Nannoplankton biozones of Cibulakan
Formation yielded much calcareous nannoplanktomtsve
First Appearance Datum (FAD) and Last Appearanceiia
(LAD) from nannoplankton fossil can be used to dévi
biostratigraphy event, which correlates with aged an
stratigraphy succession. Several nannoplanktortiepe
which act as index fossils consist&phenolithus belemnos,
Helicosphaera vederii, Sphenolithus heteromorphus,
Discoaster challengeri, Catinaster coalithudDiscoaster
neohamatuare presented in Figure 6.

Fig. 6 Index fossils of biostratigraphy zone; @phenolithus belemno&)
Helicosphaera vederii{C) Sphenolithus heteromorphugD) Discoaster
challengeri,(E) Catinaster coalithus(F) Discoaster neohamatus.



Fig. 7 Biostratigraphy zone of Cibulakan Formatiothe Cileungsi River.

Figure 7 shows the biostratigraphy zones of thaul@han
Formation; they are:

1) Sphenolithus belemnos zofkis zone is bordered by
LAD (Last Appearance Datum) &phenolithus belemnas
which the samples were taken in the RBK — 58 to RB&5
at claystone lithologySphenolithus belemnazone equal
with NN-3 [15] and relates with Early Miocene, anou
17.95 mya or older [16].

2) Sphenolithus belemnos - Helicosphaera vederii
zone:Partial zone is marked by interval from extinctioh
Sphenolithus belemnos and FAD (First Appearanceipat
of Helicosphaera vederii. This zone can be obsefueuth
RBK — 44 to RBK 42 and equal with NN — 4 [15], berf
Early Miocene and Middle Miocene, around 14.91 rfiy&.

3) Helicosphaera vederii - Sphenolithus heteromorphus
zone: Concurrent zone is bordered by FAD (First
Appearance Datum) dfelicosphaera vederind extinction
of Sphenolithus heteromorphudhis zone occupy from
RBK — 41 to RBK - 39 which is equal with NN — 5 [15
Middle Miocene around 13.53 mya [16].

4) Sphenolithus heteromorphus - Discoaster challengeri
zone:Partial zone is bordered by extinction@henolithus
heteromorphusand FAD (First Appearance Datum) of
Discoaster challengeriThis zone can be observed from
RBK — 38 to RBK - 23, equal with NN -6 [15], Middle
Miocene around 13.27 mya [16]. Moreover, LAD (Last
Appearance Datum) of Sphenolithus heteromorphus,
Discoaster brouwerhas the first appearance in this zone.

5) Discoaster challengeri - Catinaster coalithus zone
This zone is marked bythe interval from e FAD (Firs

Appearance Datum) oDiscoaster challengeriand FAD
(First Appearance Datum) @fatinaster coalithusThis zone
occupies RBK — 23 to RBK - 16 which is equal witNN 7
[15], Middle Miocene around 10.89 mya [16].

6) Catinaster coalithus - Discoaster neohamatus zone:
This zone is bordered by FAD (First Appearance Datof
Catinaster coalithusand FAD (First Appearance Datum) of
Discoaster neohamatusrhis zone can be observed from
RBK — 15 to RBK - 13, equal with NN -8 [15] whicks i
border of Middle Miocene and Late Miocene arounds%0
mya [16].

7) Discoaster neohamatus zorhis zone is marked by
FAD (First Appearance Datum) ddiscoaster nechamatus
and the extinction osphenolithus moriformisThis zone can
be observed from RBK — 12 to RBK — 1, which is dqui¢gh
NN -9 [15], Late Miocene age, younger than 10.5%1fi\6].

Analyses of nannoplankton fluctuation has been kntow
be utilized as sea surface temperatures and pétetgsa
indicator. These data are useful to determine Yrahic
changes of depositional environment. Rising sedaser
temperature is followed by blooming of nannoplanksnmd
dropping temperature is marked by decreasing ptpuola
Rising sea temperature also associated with hitjhitgaor
hypersaline condition and vice versa. Changes linigais
observed by comparison betwedalicosphaera carterand
Umbilicosphaera jafari. Helicosphaera cartenas ellipsoid
coccolith, flange end in wings, two narrow porescéntral
area (Figure 8A and 8B). Increasing population of
Helicoshapera carterrepresents low salinity and brackish
environment [17], [18]. The similar result is relezh by



Santoso et al. [19], analyzing the high abundarlation Increasing population of nannoplankton during Maldl
of Helicosphaera carterion Late Miocene — Pliocene Miocene period (NN4 — NN7) is indicated by increase

Sediments in North East Java Basin, Indonesia,oim | intemperature, rising sea level forming a suitable
salinity condition. Umblicosphaera jafarirepresents high  environment for nannoplanton growth [4]. This evesat
salinity environment (>35 ppt) [L7Umbilicosphaera jafari related to the start of a global event of Mid MipeeClimate
is marked by small circular species of coccolitlarraw Optimum that has been recognized to influenced latipn
central-area, and wide distal shield with complesuse and diversification of nannoplankton. Blooming of
(Figure 8C and 8D). nannoplankton in this period implies the shallovd aypen

sea environment and warm sea [18]. Moreover, ditionu
decrease of volcanic activity on Middle Miocene ][20
developed widely distribution of clean water andbcaate
build up which provided the stable environment by
nannoplankton ecology. Increasing of nannoplankton
abundance fit with 180 trend by Zachos et al. [22] (Figure
10). Between NN4 — NN7 period, the peak of nanndgtan
abundance was followed by lowest value of globh80
curve, which ranging 1.4 — 1.7 %.. This fact ind&sathe
abundance of nannoplankton on Middle Miocene was
controlled by Mid Miocene Climatic Optimum which
influences of rising of temperature.

During Late Miocene (NN8 — NN9), blooming
nannoplankton continues to reach the peak of ptipola
Increasing temperature around 40C in Pacific Ode&h
triggered the increase of nannoplankton populatitence,
warm and shallow marine at North West Java Basfi, [2
[24] supported suitable local influence for nanmopton
growth during this period. This local event candieserved
by development of Late Miocene Carbonate of Parigi
Formation during this period.

A and B.Helicosphaera carteriPhotograph A in parallel During the Early Miocene (NN3 or older zone), siin
nicol and Photograph B in cross nicol. C and D. changes rapidly fluctuated and showed unstable
Umbilicospahera jafati Photograph C in parallel nicol and  environment. Helicosphaera carteridominates the fossil
Photograph D in cross nicol. species determined in two samples which taken ebtise

Figure 9 shows the variation in temperature changesof Early Miocene Cibulakan Formation. This indicatiat
during the Early to Late Miocene represented by the the depositional condition of Cibulakan Formaticarged
Cibulakan Formation based on the analyses in thidys A with lower salinity environment. However, the emviment
period of cooling phase occurred in the Early Mitee changed to high salinity environment, where
indicated by the least abundance of nannoplank&®  Umbilicosphaera jafaripopulation increases at the younger
temperature appeared to be increased in the MMaleene  samples on middle of Early Miocene. Salinity desezhat
as indicated by the rise in nannoplankton poputaliefore  the intebedded sandstone and claystone found abghef
the population bloomed in the Late Miocene to iathcthe Early Miocene sequence. It was marked by more damtin
optimum sea temperature for nannoplankton growth. occurrence oHelicosphaera carterthan Umbilicosphaera

Rapid changes in environment occurred in the Early jafari. Salinity fluctuation on Early Miocene triggered by
Miocene (NN3 or older zone) is represented by the fluctuation of temperature on Early Miocene.

Fig. 8 Salinity Indicator.

fluctuation nannoplankton population in relationctoanges During Middle Miocene (NN4 — NN7), a stable
in temperature. The temperature fluctuation coteslavith environment can be observed during the depositibn o
active tectonic related with volcanic sediment iorth West Cibulakan Formation. High salinity marine conditiovas
Java Basin [20] and global cooling and climaticngiéion reflected by the dominatiotmbilicosphaera jafari and

events on Early Miocene [21]. During Early Miocene, showed more abundance population thaalicosphaera
changes in subduction front formed at Southern,Jswath carteri. The rising temperature at the start of the Middle
of North West Java Basin [6;20], yielded prominesitanic Miocene Carbonate Optimum (MMCO) resulted in inseea
debris of Jatiluhur Formation which interfingersttwithe in evaporation that promotes the high salinity dtoa.

Early Miocene Cibulakan Formation [11]. Moreover,  The suitable and stable environment continued tte La
temperature decreased + 20C which observed frolingri Miocene (NN8 — NN9). High salinity condition was
project Site 747, in Indian Ocean. This event ctfl&a result maintained, as indicated by the growing populatioh
of small scale Early Miocene Glaciation and it was Umbilicosphaera jafari and drastic decrease of
confirmed by increasing of 180 isotope value of Helicosphaera carterpopulation. Such grow was controlled
foraminifera by Billup and Schrag [21]. Based omlgil by high salinity condition, shallow environmentstrcted
180 curve, the value of180 showed fluctuation trend area, and nearshore environment during this ade [17
which ranging 1.8 — 2 %o (Figure 9).



Fig. 9 The interpretation of paleotemperature atihisy of Cibulakan Formation. The reference of0l®as cited from Zachos et al. [22] curve.

IV. CONCLUSIONS

Nannoplankton population changes indicate several
paleoecology changes. Nannoplankton populationrbl@o
the Cibulakan Formation is related to the globatrevof
Mid Miocene Climatic Optimum. This MMCO starts ihet
Middle Miocene before it reaches a peak in the Late
Miocene. This study concludes the following:

Biostratigraphy zone of Cibulakan Formation can be
divided into seven zones, namelgphenolithus belemnos
zone,Sphenolithus belemnos — Helicosphaera vedserie,
Helicosphaera vederii - Sphenolithus heteromorphase,
Sphenolithus heteromorphus - Discoaster challengerie,
Discoaster challengeri Catinaster coalithuzone
Catinaster coalithus Discoaster neohamatune,
Discoaster neohamatuwone.

Fluctuations of temperature were observed on Early
Miocene which is characterized by fluctuating
nannoplankton population. This event was introdubgd
small scale Early Miocene glaciation and activetdeic
during this period. Nannoplankton population ineegh in
the Middle Miocene as the effect of a warm and opea
during Mid Miocene Climatic Optimum. Hence, the
optimum population on Late Miocene was drawn byobaj
temperature increase in the Pacific Ocean and ypidad
distribution of clean water at North West Java Basi

Salinity changes can be detected at Cibulakan R@yma
deposition. During the Early Miocene, salinity rdigi
fluctuates to indicate unstable environment. Motable
environment recorded in the Middle Miocene is ipteted
to be caused by increasing temperature and evagarahe
high salinity condition was continued into the LM@cene
and reached the maximum salinity.
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