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Sari - Kumpulan nanofosil gampingan dari tiga penampang stratigrafi di Pulau Supiori, Papua, telah dianalisis untuk 

memperoleh pembagian biozonasi dan kondisi paleo-oseanografinya. Berdasarkan Zonasi Nanofosil Gampingan 

Neogen (Martini, 1971), lintasan BK 78 (Formasi Wainukendi) terbagi menjadi tiga zona yang setara NN7 – NN9 

(Miosen Tengah), lintasan BK 98 (Formasi Wafordori) setara dengan NN7 (Miosen Tengah), dan lintasan BK 95 

(Formasi Napisendi) terbagi menjadi lima zona yang setara NN5–NN9 (Miosen Tengah). Hasil tersebut menunjukkan 

bahwa kemungkinan Formasi Wainukendi, Wafordori, dan Napisendi memiliki hubungan yang menjemari. Pada 

penelitian ini dilakukan pula analisis parameter paleo-oseanografi berupa kedalaman termoklin/nutriklin dan 

paleosalinitas. Analisis kedalaman termoklin/nutriklin, berdasarkan kelimpahan Discoaster dan ukuran rata-rata 

coccolith Reticulofenestra dan Coccolithus, menunjukkan perubahan dari kondisi oligotropik (NN5–NN7) menuju 

eutropik (awal NN8), kemudian kembali menjadi oligotropik sejak akhir NN8 hingga NN9. Analisis paleosalinitas 

berdasarkan perbandingan kelimpahan Sphenolithus neoabies, Helicosphaera carteri, dan Calcidiscus leptoporus 

menunjukkan perubahan kondisi dari salinitas normal (Zona NN7) menjadi hiposalin (Zona NN8–NN9). Perubahan 

parameter-parameter paleo-oseanografi tersebut kemungkinan berhubungan dengan penutupan jalur laut Kepulauan 

Indonesia akibat pengangkatan regional yang menyebabkan terbentuknya proto West Pacific Warm Pool (WPWP) 

dan Equatorial Under Current (EUC) sehingga terjadi kondisi serupa La Niña pada akhir Miosen Tengah (setara 

NN8–NN9). 
 

Kata kunci:  Ekuatorial Pasifik Barat, Nanofosil gampingan, Paleo-oseanografi, Paleosalinitas, Pulau Supiori, 

Termoklin/Nutriklin 

 

Abstract- Calcareous nannofossil assemblages have been analysed from three stratigraphic sections on Supiori 

Island to determine biozonation and paleo-oceanographic condition. Based on Neogene Calcareous Nannofossils 

Zonation (Martini, 1971), section BK 78 (Wainukendi Formation) classified into three zones, which coeval to NN7–

NN9 and or younger (Middle Miocene). Section BK 95 (Napisendi Formation) categorised into five zones, which 

equivalent to NN5–NN9 (Middle Miocene), and section BK 98 (Wafordori Formation) is considered to be equivalent 

to NN7 (Middle Miocene). Those results indicate a correlatable interval (NN7) and an interfinger contact between 

Wainukendi, Wafordori, and Napisendi Formations. Paleo-oceanographic parameters namely thermocline/nutricline 

depth and paleosalinity were analysed in this research. Thermocline/nutricline depth analysis from Discoaster 

abundance and mean coccolith size of Reticulofenestra and Coccolithus indicate sea surface condition changes from 

oligotrophic (NN5–NN7) to eutrophic (early NN8) and then again into oligotrophic (from late NN8 to NN9). 

Paleosalinity analysis based on abundance comparison between Sphenolithus neoabies, Helicosphaera carteri, and 

Calcidiscus leptoporus denotes paleosalinity shift from normal saline (NN7) to hyposaline condition (NN8 – NN9). 

Those paleo-oceanographic parameters changes most likely related to the closing of Indonesian Seaway due to 

regional uplift, which triggered the formation of proto West Pacific Warm Pool (WPWP), Equatorial Under Current 

(EUC), and eventually a La Nina-like condition on late Middle Miocene (NN8–NN9). 
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1. INTRODUCTION 

Calcareous nannofossil has been known for its 

role on biostratigraphy, especially for 

lithological units aged less than 225 million 

years ago (Mya), where nannofossils is 

considered as high-resolution biostratigraphic 

markers.  The mean age interval of nannofossil 

zones are 2 million years, some might longer (3 

million years on Oligocene) or shorter 

(Emiliana huxleyi Zone : 200.000 years ago–

Recent (Beggren et al., 1995). Furthermore, 

calcareous nannofossils are also considered as 

a good proxy to detect important 

paleobiological, paleoclimatical, and 

paleogeographical events, such as Trias/Jura 

extinction, Late Cretaceous maximum 

abundance, and Cretaceous/Tertiary 

planktonic extinction (Melinte, 2004). 

 

This reseach will be focused on observing 

calcareous nannofossil specimens collected 

from stratigraphic sections BK 95, BK 98, and 

BK 78, outcropped on Supiori Island, Papua 

(Figure 1). These observation results then used 

for biostratigraphical analysis, to determine 

time relation between lithological units of the 

three stratigraphical sections, based on Martini 

(1971). In addition, paleo-oceanographic 

analysis is also inferred from the calcareous 

nannofossil assemblages, due to the location of 

the research area, near the West Pacific Warm 

Pool (WPWP). WPWP is the warmest ocean 

water mass, which has a great influence on the 

Intertropical Convergence Zone (ITCZ), Asian 

monsoon system and the famous El Nino 

Southern Oscillation (ENSO) (Sagawa, et al., 

2012). These phenomena are the major 

regional and even global 

climatic-oceanographic drivers at Indo-Pacific 

Region (Martinez et al., 1998; Steinke et al., 

2014). This paleo-oceanographic analysis will 

be focused on the possibility of early WPWP 

(proto WPWP) formation, during Middle 

Miocene, which is earlier than the estimation 

made by Nathan and Leckie (2009) (Late 

Miocene). 

 

Geologically, from the stratigraphic, tectonic, 

and magmatic point of views, West New 

Guinea (Papua and West Papua Province, 

Indonesian) can be divided into three 

east-trending zones: Oceanic Zone (ophiolite 

and volcanic arc), Transition Zone (regionally 

strong-deformed metamorphic rocks), and 

Continental Zone (sediments over relatively 

stable basement) (Pieters et al., 1983) (Figure 

2). These zones inferred tectonic history of this 

region, which strongly related to the 

convergence interaction between 

Caroline-Pacific Plate and Indo-Australian 

Plate. This convergence interaction was 

evolved from subduction to collision (Late 

Cretaceous), and finally into oblique 

convergence (Late Miocene), which triggered 

the formation of Sorong-Bewani-Yapen 

Strike-Slip Fault System (Waschmut and 

Kunst, 1986; McAdoo and Haebig, 2000). The 

subduction between Caroline-Pacific Plate and 

Indo-Australian Plate formed a hybrid forearc 

basin, known as North Irian Basin, which has 

strongly deformed since the Late Miocene 

(McAdoo and Haebig, 2000). This basin 

consists of several sub-basins such as Biak, 

Waropen, Waipoga, and Northeast Irian 

sub-basins (Pertamina, 1999 in McAdoo and 

Haebig, 2000).  
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Figure 1. Research area (Supiori Island) and location of the stratigraphic sections 

(Junursyah et al., 2017). 

 

 

Figure 2.Geological zones of West New Guinea (modified from Pieters et al., 1983). 
Supiori Island is considered as a part of North 

Irian Basin. This interpretation is based on the 

occurrence of Auwewa Formation, which 

considered as the product of the old island arc, 

and Korido metamorphic rocks, which 

considered as the oceanic basement (Pieters et 

al., 1983; Permana, 2015). Auwewa Formation 

is overlaid by the interfingering Wainukendi 

Formation (Oligocene–Middle Miocene), 

Wafordori Formation (Early–Middle Miocene) 

and Napisendi Formation (Early–Middle 

Miocene) (Pieters et al., 1983) (Figure 3).  
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Figure 3. Regional stratigraphy of Biak and Supiori Island (modified from Pieters et al., 

1983). 

2.  MATERIAL AND METHODS 

2.1 Lithology 
This research used sedimentary rock sample, 

which was taken from 3 stratigraphic sections: 

BK 78 (16,4 metres long), BK 98 (7,35 metres 

long), and BK 95 sections (32 metres long) 

(Junursyah et al., 2017; Alviyanda et. al., 

2019). BK 98 consist of interbedded 

calcareous sandstone-calcareous claystone 

with mollusc and coral fragments. BK 95 

consist of interbedded calcareous sandstone 

and calcareous siltstone with mollusc 

fragments and shelled organisms body in 

several parts. BK 78 consist of calcareous 

siltstone intercalated by calcareous sandstone 

and limestone on the bottom and interbedded 

limestone (wackestone and crystalline 

limestone) on the top generally with shelled 

organisms body, mollusc and coral fragments. 

Twenty (20) samples were collected from these 

sections with 3 m intervals. In detail, there are 

3 samples collected from BK 98, 6 samples 

from BK 78, and 11 samples from BK 95. 

 

2.2 Methods 

The samples were prepared by spreading its 

hydrogen peroxide-soaked little part (~1 gram) 

on the slides, smearing the canada balsam on 

top of the slides, and finally putting the cover 

glass on top (smear slide method). Each slide 

was observed using Nikon YSH-2 polarized 

microscope. Calcareous nannofossils on each 
slide were then determined quantitatively. Two 

to three fields of view (fov) were counted for 

abundant samples and 10-12 fov for 

non-abundant samples from a total of 120 fov 

on each slide. Furthermore, coccolith 

diameters were measured from 100 

Reticulofenestra sp. and Coccolithus sp. 

specimens on each sample. Calcareous 

nannofossils determinations were carried out 

based on Martini (1971), Perch-Nielsen (1985), 

and mikrotax.org, while the biozonation was 

determined according to Martini (1971). 

 

Two paleo-oceanographic parameters, 

thermocline/nutricline depth and paleosalinity, 

were analysed. Thermocline/nutricline depths 

were inferred from the mean abundances of 

coccolith size (diameters) and percentages of 

the genus Discoaster (Farida et al., 2012; Imai 

et al., 2015; Pratiwi and Sato, 2016; 

Jatiningrum and Sato, 2017). However, the 

Nannofossil Accumulation Rates (NAR) 

weren’t measured due to the unavailability of 

radiometric dating and dry weight 

measurements data. Paleosalinity was reflected 

rom the abundances of Sphenolithus neoabies, 

Helicosphaera carteri, and Calcidiscus 

leptoporus  ( Santoso et al., 2014). 

Summarized research methods shown in 

Figure 4. 
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Figure 4. Summarized research methodology. 

 

3.  RESULTS, INTERPRETATION, AND 

DISCUSSION 

A total of 23 species from 10 genera of 

calcareous nannofossils were determined 

(Figure 5) and presented in Table 1, 2, and 3. 

Moreover, foraminifera specimens in samples 

BK 78F and BK 95A were analysed using a 

semiquantitative method, to support the 

calcareous nannofossils data (Table 4 and 5).  

 

3.1 Biostratigraphy 

• Section BK 78 

This section is located in the southern part of 

Supiori Island (Figure 1) and composed of 

Wainukendi Formation. There are three 

calcareous nannofossil zones identified on this 

section: 

 

- Discoaster deflandrei Partial Range Zone: 

marked by Discoaster deflandrei’ Last 

Occurrence (LO) at the top, with undefined 

bottom border. Sphenolithus neoabies 

occurs at the lowest interval suggesting 

equivalency with NN7 (Middle Miocene), 

which is also supported by semiquantitative 

foraminifera analysis results of BK 78F 

(N12 or Middle Miocene) (Figure 6). 

- Discoaster deflandrei – Discoaster 

neohamatus Range Zone: marked by 

Discoaster deflandrei’ LO (bottom) and 

Discoaster neohamatus’ First Occurrence 

(FO) (top), and coeval with NN8 (Middle 

Miocene). 

- Discoaster neohamatus Partial Range Zone: 

marked by Discoaster neohamatus’ FO at 

the bottom with undefined top border. 

Discoaster hamatus occurs at the youngest 

interval suggesting equivalency with NN9 

(Middle Miocene) 

 

 Section BK 98 
This section is located at the northern part of 

Supiori Island (Figure 1) and composed of 

Wafordori Formation. Based on calcareous 

nannofossils biozonation, this section is 

confirmed to be coeval with NN7 (Middle 

Miocene), which marked by the occurrence of 

Discoaster kugleri. 

 

 Section BK 95 

This section is located approximately 5 km 

westward of the BK 98 section (Figure 1) and 

composed of Napisendi Formation with four 

calcareous nannofossil zones: 

 

- Discoaster formosus Partial Range Zone: 

marked by Discoaster formosus’ LO at the 

top with undefined bottom border. 
Discoaster moorei occurrences at the 

lowest interval suggest NN5 (Middle 

Miocene) age, which supported by 

semiquantitative foraminifera analysis 

results on BK 95A sample (N11 or Middle 

Miocene). 

 



BULLETIN OF GEOLOGY, VOL. 3, NO. 3, 2019                                          431 

DOI: 10.5614/bull.geol.2019.3.3.4 

 

 

 

 

 

 

 

Figure 5. Identified calcareous nannofossils taxa. 

 
Figure 6. Correlation between calcareous 

nannoplankton zonation (NN) by 

Martini (1971) and planktonic 

zonation (N) by Blow (1969) 

(Martini, 1971). 

 

- Discoaster formosus–Discoaster kugleri 

Range Zone: marked by Discoaster 

formosus’ LO (bottom) and Discoaster 

kugleri’ FO (top) that coeval with NN6 

(Middle Miocene). 

- Discoaster kugleri Interval Zone: marked 

by the occurrences of Discoaster kugleri 

that coeval with NN7 (Middle Miocene). 

- Discoaster kugleri – Discoaster hamatus 

Range Zone: marked by Discoaster 

kugleri’ LO (bottom) and Discoaster 

hamatus’ FO (top), coeval with NN8 

(Middle Miocene). 

- Discoaster hamatus Partial Range Zone: 

marked by Discoaster hamatus’ FO at the 

bottom with an undefined top border, 

however it can be concluded that this zone 

coeval with NN9 (Middle Miocene) as 

Discoaster hamatus is the fossil index for 

NN9 (Martini, 1971). 
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(1) Calcidiscus leptoporus ; (2) Sphenolithus abies ;(3) Helicosphaera carteri ; (4) Discoaster variabilis; (5) Discoaster 

signus ; (6) Discoaster petaliformis ; (7) Discoaster neohamatus ; (8) Discoaster musicus ; (9) Discoaster moorei. ; (10) 

Discoaster kugleri ; (11) Discoaster druggi ; (12) Discoaster deflandrei ; (13) Discoaster formosus ; (14) Discoaster bolii ; 

(15) Sphenolithus heteromorphus ; (16) Reticulofenestra haqii ; (17) Helicosphaera obliqua ; (18) Discoaster calculosus. 

(19) Helicosphaera mediterranea ; (20) Helicosphaera ampliaperta ; (21) Coccolithus pelagicus ; (22) Catinaster coalitus 

extensus; (23) Discoaster hamatus 
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Table 1. Calcareous Nannofossils Chart of BK 98 

 

 

Table 2. Calcareous Nannofossils Chart of BK 78 
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Table 3. Calcareous Nannofossils Chart of BK 95 

 

 

Table 4. Semiquantitative Analysis of Foraminifera on BK 78F    Table 5. Semiquantitative Analysis of Foraminifera on BK 95A 
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3.2 Thermocline/Nutricline Depth 

Thermocline is oceanic water layer in which 

water temperature decreases rapidly with 

increasing depth, while nutricline is an ocean 

layer in which there is a high variation of 

nutrient content, their depth is very close to 

each other under every condition hence 

generally associable (Bown et al., 2004). In 

this research, relatively high Discoaster 

abundance (>=20 %) and large coccolith size 

(>=3 m) indicate a deep 

thermocline/nutricline depth (oligotrophic 

condition), while relatively low Discoaster 

abundance (<20%) and small coccolith size 

(<3 m) represent thermocline/nutricline 
shoaling (eutrophic condition). 

 

 Section BK 78 

Mean coccolith size measurements show an 

increasing trend from BK 78F (~3m) to BK 

78C (~5m), while Discoaster abundance 

generally decrease from BK 78F (~33%) to BK 

78D (~15%) and then gradually increase 

towards BK 78A (~35%) (Figure 7a). These 

results indicate an initial oligotrophic 

condition during NN7, before the significant 

change to eutrophic conditions since early 

NN8 and then gradually shifted back to 

oligotrophic conditions since late NN8. In this 

section, the last thermocline/nutricline shifting 

(late NN8–NN9) from eutrophic to 

oligotrophic is inferred from Discoaster 

abundance due to the absence of 

Reticulofenestra and Coccolithus at the two 

youngest samples. Their absence could be 

related to ecological or preservation factor, 

however it wasn’t analysed in this research. 

 

 Section BK 95 
In general, mean coccolith size measurements 

show a slight decreasing trend from BK 95A 

(~5m) to BK 95I (~3,5m) and genera of 
Reticulofenestra and Coccolithus are absent 

from BK 95J to BK 95K. In addition, 

Discoaster abundance also denotes a slightly 

declining trend from BK 95A (~40%) to BK 

95C (~30%), before a drastic decrease between 

BK 95B and BK 95A (~10%) (Figure 7b). 

Those parameters indicates a relatively 

oligotrophic depositional condition during 

NN5– NN7, which then significantly shifted to 

the eutrophic condition since NN8. 

 

3.3 Paleosalinity 

Paleosalinity conditions are inferred from the 

abundance of Helicosphaera carteri, 

Calcidiscus leptoporus, and Sphenolithus 

neoabies (modified from Santoso et al., 2014). 

Helicosphaera carteri and Calcidiscus 

leptoporus are abundant in  hyposaline 

condition (Melinte, 2004; Wade and Brown, 

2006 in Santoso et al., 2014), while 

Sphenolithus abies are highly abundant in 

sediments deposited under normal saline 

condition (Wade and Brown, 2006 in Santoso 

et al., 2014). In this research, Sphenolithus 

neoabies were used as normal saline 

parameters instead of Sphenolithus abies due 

to the later absence. Sphenolithus neoabies is 

generally associated with Sphenolithus abies in 

the Upper Tertiary sediments (Towe, 1979) 

and considered as small variants of 

Sphenolithus abies (Bukry and Bramlette, 

1969). In this research, paleosalinity analysis 

was only conducted from NN7–younger 

sediment interval due to the absence of 

Sphenolithus neoabies at the lower interval 

(NN5–NN6/early Middle Miocene). 

 

 Section BK 78 

In BK 78F–BK 78E interval (NN7), 

Sphenolithus neoabies has a relatively high 

abundance (~35–40%), while Helicosphaera 

carteri and Calcidiscus leptoporus occur in 

low abundance (<5%), indicating a normal 

saline condition.  Sphenolithus neoabies 

abundances were drastically decline ~0–8 % in 

BK 78D–BK 78A (NN8–NN9/late Middle 

Miocene) interval, while Helicosphaera 

carteri became significantly abundant (~50–

58%) and Calcidiscus leptoporus became 

slightly abundant (~10–13%), indicated 

paleosalinity shift from normal to hyposaline 

(Figure 8a). 

 

 Section BK 95 
BK 95E–BK 95I interval (NN7) show a 

relatively equal abundance of Sphenolithus 

neoabies (~0–8%), Helicosphaera carteri 

(~8%), and Calcidiscus leptoporus (~2–0%), 
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in this case, paleosalinity level were assumed 

at normal saline.  Helicosphaera carteri and 

Calcidiscus leptoporus abundance were 

drastically increase (~60% and ~25% 

respectively) on BK 95J–BK 95 K interval 

(NN8–NN9/late Middle Miocene), while 

Sphenolithus neoabies became absent, 

indicated a drastic changes to hyposaline 

condition (Figure 8b).  

 

3.4 Discussion 

Biostratigraphic analysis from section BK 78, 

BK 95, and BK 98 show biozonation range 

from NN5 to NN9, which coeval to Middle 

Miocene. These results corresponding to 

Pieters et al. (1983), which propose the Early–

Middle Miocene Age for Napisendi and 

Wafordori Formation, as well as the 

Oligocene–Middle Miocene Age for 

Wainukendi Formation. Therefore, it can be 

concluded that these formations have a 

correlatable interval (NN7) and interfingering 

each other (Figure 9). 

 

  
Figure 7a.  Mean coccolith size (m) of section BK 78 and BK 95. 

 

 
Figure 7b.  Discoaster abundance of section BK 78 and BK 95. 

Paleoecological analyses on 

thermocline/nutricline depths showed a rather 

fluctuating result during Middle Miocene 

(NN5–NN9), which changed from 

oligotrophic (NN5–NN7/early Middle 

Miocene) to eutrophic (Early NN8), and back 

to oligotrophic (Late NN8–NN9/late Middle 

Miocene). These conditions probably related to 

the pre-closure condition of Indonesian and 

Central American Seaways during Middle 

Miocene which allowed intermediate waters 

from Pacific Ocean flowed freely to Indian 

Ocean causing changes on 

thermocline/nutricline depth at Western 

Equatorial Pacific (Kennett, et al., 1985; 

Duque-Caro, 1990; Droxler, et al., 1998 in 

Nathan and Leckie, 2009). The closure of 

Indonesian Seaways was caused by regional 

uplift, which involved the complex tectonic 

movement of Banda Arc, Borneo, and Papua 

(Hodel and Vayavananda, 1993). Similar cases 

also happened at Central American Seaway 

BK 78 

BK 95 
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(Haug, et al., 2001; Steph, et al., 2006; 

Kamikuri, et al., 2009 in Rouselle, et al., 2013). 

Both closures took place roughly at 20–10 

million years ago (ma) or during the late 

Middle–early Late Miocene (Moberly, 1972; 

Audley-Charles, et al., 1972; Edwards, 1975; 

Hamilton, 1979 in Hodel and Vayavananda, 

1993), which caused a reorganization of sea 

surface circulation on Equatorial Pacific 

(Edwards, 1975; Kennett, et al., 1985 in Hodell 

dan Vayavananda, 1993). The 

thermocline/nutricline deepening, since the 

late NN8 (late Middle Miocene), might be 

related to the narrower Indonesian Seaway, 

which caused the formation of proto WPWP 

(Nathan and Leckie, 2009). Furthermore, an 

Equatorial Under Current (EUC), which draw 

off nutrition eastward, also formed and caused 

a deeper thermocline/nutricline at the 

Equatorial Western Pacific (Nathan and Leckie, 

2009). However, more accurate methods are 

needed to know the detailed 

thermocline/nutricline depth between the 

earlier and later oligotrophic phases. 

 

 

Figure 8a. Abundance percentages of Sphenolithus neoabies, Helicosphaera carteri, and 

Calcidiscus leptoporus on section BK 78. 

 

 

Figure 8b. Abundance percentages of Sphenolithus neoabies, Helicosphaera carteri, and 

Calcidiscus leptoporus on section BK 95. 

 
Paleosalinity parameters indicate a shift from 

normal saline in NN7 to a hyposaline condition 

in NN8–NN9 (late Middle Miocene) Zone. 

Salinity decline during late Middle–early Late 

Miocene is also suggested by Rouselle et al. 

(2013) based on 

 measurements of 

Noelarhabdoceae nannofossils at IODP U1338 

site, Eastern Equatorial Pacific. That change 

might also correspond with the gradual closure 

of Indonesian and Central American Seaways, 

which made it narrower (Haug, et al., 2011; 

Molnar and Cane, 2002; Gussone, et al., 2004 

in Rouselle, et al., 2013). These closures 

caused the formation of proto WPWP, which 

triggered a La Nina-like conditions (Nathan 

and Leckie, 2009). As a result, the Western 

BK 95 

BK 78 
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Equatorial Pacific, including Indonesian 

Archipelago, underwent high precipitation, 

which might correspond to the paleosalinity 

shift during late Middle Miocene (NN8– NN9). 

This paleosalinity shift inferred the possibility 

of proto WPWP formation at least on the late 

Middle Miocene.  Paleo-oceanographic 

condition summary of the Supiori Island 

during Middle Miocene is presented in Figure 

10.

 

 

Figure 9. Biostratigraphic correlation of BK 98, BK 95, and BK 78 sections. 

 

 
Figure 10. Paleo-oceanographic condition summary of Supiori Island during Middle Miocene.
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4. CONCLUSIONS 

Based on the calcareous nannofossils 

zonation by Martini (1971), section BK 78 is 

categorised into three zones, which coeval to 

NN7–NN9, section BK 95 is categorised into 

five zones, which coeval to NN5–NN9, and 

section BK 98 considered as equivalent to 

NN7. These results show a correlatable 

interval between Wafordori, Napisendi, and 

Wainukendi Formation (NN7), which 

indicate an interfingering contact between 

these formations.  

 

Thermocline/nutricline depth analyses from 

Discoaster abundance and the mean 

coccolith size of Reticulofenestra and 

Coccolithus indicate sea surface condition 

changes from oligotrophic (NN5–NN7/early 

Middle Miocene) to eutrophic (early NN8), 

then back to oligotrophic (late NN8–

NN9/late Middle Miocene). Those changes 

related to the closure of Indonesian Seaways, 

which triggered the formation of proto 

WPWP and EUC causing a deeper 

thermocline/nutricline since late Middle 

Miocene (late NN8–NN9). More accurate 

methods are needed to know the detailed 

thermocline/nutricline depth between the 

earlier (NN5–NN7/early Middle Miocene) 

and later (after late NN8/late Middle 

Miocene) oligotrophic phases. 

 

Paleosalinity analysis, based on abundance 

comparison between Sphenolithus neoabies, 

Helicosphaera carteri, and Calcidiscus 

leptoporus show paleosalinity shift from 

normal saline (NN7) to hyposaline 

conditions (NN8–NN9 and or younger). The 

paleosalinity shift corresponded to the 

possible formation of proto WPWP, at least 

in the Late Middle Miocene. The formation 

of proto WPWP triggered a La Nina-like 

condition since late Middle Miocene (NN8–

NN9 and/or younger) causing high 

precipitation at Indonesian Archipelago.  
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