
  

 

ILMU KELAUTAN December 2017 Vol 22(4):201-212   ISSN 0853-7291 

 

*) Corresponding author    

© Ilmu Kelautan, UNDIP                                                                                                                                                                                                           

  ijms.undip.ac.id 

DOI: 10.14710/ik.ijms.22.4.201-212 

Received : 26-12-2016 

Accepted : 29-01-2017 
 

Assessing the Reliability of Planktic Foraminifera Ba/Ca 

as a Proxy for Salinity off the Sunda Strait 
 

 

Riza Yuliratno Setiawan1*, Anindya Wirasatriya2, Hasrizal Bin Shaari3  

Eko Setyobudi1 and Faizal Rachman1 
 

1Department of Fisheries, Faculty of Agriculture, Universitas Gadjah Mada 

Jl. Flora Gd. A4 Bulaksumur, Yogyakarta 55281, Indonesia 
2Department of Oceanography, Faculty of Fisheries and Marine Sciences, Diponegoro University 

Jl. Prof. Soedarto, SH Kampus FPIK Diponegoro University Tembalang, Semarang 50275, Indonesia 
3School of Marine and Environmental Sciences, Universiti Malaysia Terengganu 

21030 Kuala Terengganu, Terengganu, Malaysia 

Email: riza.y.setiawan@ugm.ac.id 

 

 

Abstract 
 

The Ba/Ca ratio of planktic foraminifera carbonate serves as a new geochemical proxy for seawater Ba/Ca and 

thus providing information on modern and past salinity and freshwater discharge. In this study the applicability of 

Ba/Ca ratio of core-top Globigerinoides sacculifer collected off the eastern tropical Indian Ocean (ETIO) for 

paleoceanographic reconstructions was investigated. In doing so, we conducted a series of cleaning experiments 

for Ba/Ca extraction by using different reductive solutions. Our new results suggest that the Ba/Ca ratio of G. 

sacculifer cannot be utilized as a tracer for modern and past salinity changes in the ETIO region off the Sunda 

Strait. We suggest that the existence of seasonal upwelling adds an additional signal to the seawater Ba/Ca in 

the ETIO, and thus complicates the interpretation of G. sacculifer Ba/Ca as a freshwater tracer. Moreover, our 

cleaning experiment results show that the cleaning protocol of Mg/Ca, DTPA, and hydroxylamine can be used to 

extract valuable Ba/Ca ratios from planktic foraminifera tests. 

 

Keywords: G. sacculifer Ba/Ca, foraminifera cleaning experiments, the Sunda Strait. 

Introduction 

 

Ba/Ca ratios of planktic foraminifera have 

been used to trace modern and past salinity 

changes (Hall and Chan, 2004; Weldeab et al., 

2007; Schmidt and Lynch‐Stieglitz, 2011; Bahr et 

al., 2013; Saraswat et al, 2013). The main reason to 

use this ratio is that Ba/Ca ratio in foraminifera tests 

reflects the seawater barium (Ba) concentration as 

the Ba concentration in estuarine/coastal settings is 

elevated relative to the open ocean and inversely 

correlated with salinity (Lea and Spero, 1994). In 

addition, the incorporation of Ba into foraminifera 

shells is independent of temperature, salinity, pH, 

and symbiont photosynthesis (Lea and Spero, 1994; 

Hönisch et al., 2011), thus, making it a seemingly 

well suited salinity indicator. Ba is supplied to the 

oceans through riverine input (Shaw et al., 1998) 

and hydrothermal vents (Elderfield and Schultz, 

1996). The mineral barite (BaSO4) has been 

suggested as the primary carrier of particulate Ba in 

the water column (Dymond et al., 1992) and it 

precipitates in the water column, on the sea floor 

and within marine sediments (Griffith and Paytan, 

2012). Within the water column the euphotic zone is 

typically enriched in particulate Ba compared to the 

deep ocean (Collier and Edmond, 1984) and the 

enrichment is associated with the oxygen minimum 

zone (Paytan and Griffith, 2007). Therefore, 

upwelling regions usually contain high Ba 

concentrations what possibly also can influence the 

Ba/Ca ratio of planktic foraminifera (Saraswat et al., 

2013). 

 
Ba/Ca ratios extracted from foraminifera 

tests can be biased by contaminant phases such as 

clay minerals, organic matter, or ferromanganese 

coatings. Hence, the removal of those contaminants 

requires a multiple step cleaning procedure of the 

samples. Commonly two different cleaning methods 

to extract reliable Ba/Ca ratio from foraminifera 

tests are used (Martin and Lea, 2002; Weldeab et 

al., 2007; Schmidt and Lynch‐Stieglitz, 2011; Bahr 

et al., 2013). The major difference between these 

two methods is in the use of an additional step using 

diethylenetriamine penta-acetic acid (DTPA) (Lea 

and Boyle, 1991; 1993; Martin and Lea, 2002). 

DTPA has been suggested to effectively remove 

sedimentary barite that associated with shells, a 

potential source of contamination (Lea and Boyle, 
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1991; 1993). However, Martin and Lea (2002) also 

suggest that the effect of employing reductive and 

DTPA cleanings might bias the measured Mg/Ca, 

Cd/Ca, Ba/Ca, and Mn/Ca ratios on two different 

benthic species show inconsistent results. On the 

other hand, other authors (Weldeab et al., 2007; 

Schmidt and Lynch‐Stieglitz, 2011; Bahr et al., 

2013;) have omitted the DTPA cleaning step due to 

its corrosiveness that can cause shell dissolution. In 

the perspective of foraminifera cleaning, another 

cleaning protocol proposed by Barker et al. (2003) 

to clean foraminifera for Mg/Ca measurements has 

been widely used is. According to their cleaning 

experiments, a reductive cleaning step 

systematically lowered the foraminifera Mg/Ca ratio 

by 10-15%. Thus their proposed cleaning method for 

foraminifera does not include a reductive step. 

Nonetheless, this finding contrasted the study of 

Martin and Lea (2002) that suggested that a 

reductive step does not reduce the values of the 

Mg/Ca ratio in foraminifera. 
 

Here, for the first time, we examine the 

applicability of Ba/Ca ratio of planktic foraminifera 

Globigerinoides sacculifer as a tracer for freshwater 

discharge in the ETIO off the Sunda Strait. In this 

study we also conducted a set of cleaning 

experiments on ten surface sediment samples 

collected from off Sumatra to constrain the most 

suitable cleaning method for the analysis of Ba/Ca 

in planktic foraminifera. This region is particularly 

appropriate to address this issue as there is a 

persistent advection of low salinity Java Sea waters 

into the investigated area. However, our new data 

suggest that G. sacculifer Ba/Ca ratios cannot be 

used to trace freshwater discharge into the ETIO.  
 

 

Materials and Methods 
 

Surface sediments samples 

 

A total of 69 surface sediment samples were 

collected from the ETIO off Western and Southern 

Indonesia during the expeditions of RV SONNE 184 

and 189 in 2005 and 2006, respectively (Hebbeln, 

2006).  In the present study we only analyzed 10 

surface sediment samples from off western and 

southern Sumatra. The locations and detailed 

information of the investigated surface samples are 

presented in Figure 1 and Table 1.   
 

For the five different cleaning experiments G. 

sacculifer Ba/Ca ratios were measured using an 

Agilent 720 Inductively Coupled Plasma Optical 

Emission Spectrometer (ICP-OES) housed at the 

Department of Geosciences, University of Bremen. 

The Ba/Ca values are reported as µmol.mol-1. The 

instrumental precision during measurement was 

monitored by analysis of an in-house standard 

solution, which was measured after every fifth 

sample, as well as the ECRM 752-1 standard 

(Greaves et al., 2008). The average 1σ error for the 

Ba/Ca analyses on external standard and ECRM 

752-1 standard are 0.02 µmol.mol-1 and 

0.1µmol.mol-1, respectively. It is important to notice 

that we did not measure reproducibility due to 

insufficient sample material. 

 

Cleaning of foraminifera tests 

 

We used G. sacculifer (without sac) from 10 

surface sediment samples in order to test the effect 

of reductive cleaning solution on the Ba/Ca ratio 

(Table 1.). For each surface sediment sample 

approximately 30-40 individuals of G. sacculifer 

were picked from the 250-355 µm size fraction and 

then were gently cracked using glass plates. Then, 

all shell fragments were split into five aliquots and 

these split aliquots were subjected to five different 

cleaning methods. 

 

For the first aliquot the tests of G. sacculifer 

were cleaned using the cleaning procedure 

proposed by Barker et al. (2003) and was named as 

“Mg/Ca” cleaning. In brief, the samples were 

ultrasonically cleaned five times with de-ionized 

water and twice with distilled methanol to remove 

detrital and clay particles. Organic matter was 

oxidized by adding a NaOH-buffered 1%-H2O2 

reagent to the samples and placed in a hot water 

bath for 10 minutes with a few seconds in an 

ultrasonic bath. After repeating this step, samples 

were rinsed and transferred into new acid-cleaned 

vials. Samples then underwent a weak acid leaching 

(0.001 M QD HNO3) with 30 seconds ultrasonic 

treatment. Following this step, samples were 

dissolved using 0.075 M QD HNO3, centrifuged for 

10 minutes at 6000 rpm, transferred into new acid 

cleaned vials and diluted with water. 

 

For another three aliquots the cleaning 

procedure of Barker et al. (2003) was modified by 

adding a reductive step after the oxidation step. In 

this reductive step a set of experiments was 

performed by employing two different reductive 

reagents, i.e. hydrazine and hydroxylamine, and 

DTPA. Each of the three aliquots received a different 

solution during this reductive treatment. The 

detailed composition of each reductive solution is 

given in Table 2. For experiments with hydrazine and 

hydroxylamine we added 100 µl of each solution into 

two aliquots, whereas for the DTPA only 50 µl was 

added to an aliquot. In the following step, these 

three samples were placed in a hot bath (~98 °C) 

for 30 minutes and were sonicated briefly every 2 

minutes. After this step all reductive reagents and 

DTPA were removed and the samples were rinsed 3
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Table 2. Detailed reductive solutions used in this study. 

 

Reductive reagent Composition Reference 

   

100 µL of buffered 

hydrazine solution 

750 µL anhydrous hydrazine (NH2NH2) + ~0.5 N (~0.25 M) 

ammonium citrate (C6H17N3O7) + 10 mL concentrated (~30%) 

ammonium hydroxide (NH4OH) 

Martin and Lea (2002) 

100 µL of hydroxylamine 

solution 

0.2 M NH2OH + 1 M CH3COONa Shen et al. (2001), Steinke et 

al. (2010) 

50µL of buffered DTPA 

(diethylenetriamine penta-

acetic acid) 

0.01N (0.002 M) DTPA + 0.1N sodiumhydroxide (NaOH) Martin and Lea (2002) 

  
 
Figure 1. Annual mean maps of (a) sea surface temperature (°C) (Locarnini et al., 2013) and (b) sea surface salinity (psu) 

(Zweng et al., 2013) obtained from the World Ocean Atlas 2013. Black dots show the positions of surface sediment 

samples used in this study. Blue, cyan, green, yellow, and red bars are the values of Ba/Ca ratios resulted from 

cleaning experiments with hydrazine, water, hydroxylamine, DTPA, and of normal cleaning, respectively. 

 
times with de-ionized water. For the next steps, i.e. 

weak acid leaching and dissolution, we followed 

Barker et al. (2003). Finally, for the last aliquot we 

purely cleaned the shells only using de-ionized water 

for all cleaning steps of Barker et al. (2003). 

 

Calculation of seawater 18O 

 
All of the G. sacculifer Mg/Ca ratios of surface 

sediment samples used in this study have been 

measured by Mohtadi et al. (2011). According to 

Mohtadi et al. (2011) G. sacculifer data represent 

mean annual mixed-layer conditions at ~50 m. In 

order to calculate the seawater 18O (18Osw), we 

used the 18O-temperature equation of Bemis et al. 

(1998):  

 

T (°C) = 14.9 – 4.8 (18Occ - 18Osw) 

 

where 18Occ and T are the measured 18O of calcite 

and Mg/Ca-based temperature, respectively. The 

values were then converted to Standard Mean 

Ocean Water (SMOW). The errors of the calculations 

of Mg/Ca-based temperature and18Osw are 

estimated by propagating the errors introduced by 

Mohtadi et al. (2014). The resulting errors for 

temperature and 18Osw are on average 1°C and 

0.23 ‰, respectively. 

 

 

Results and Discussion 
 

Planktic foraminifera G. sacculifer element to 

calcium ratios  

 

Results of the Ba/Ca ratio measurements of 

five different cleaning protocols are given in Table 1 

and shown in Figure 1. In general, most of the Ba/Ca 

ratio values of different cleaning methods show a 

consistent pattern. The G. sacculifer Ba/Ca ratio 

values cleaned with hydroxylamine and of Mg/Ca 

cleaning are always higher than Ba/Ca values 

cleaned with water. Whereas Ba/Ca values cleaned 



 

   

 ILMU KELAUTAN December 2017 Vol 22(4):201-212 

   

  

 206 Assessing the reliability of planktic foraminifera (R. Y. Setiawan et al.) 

IL
M

U
 K

E
L

A
U

T
A

N
 D

ecem
b

er 2
0
1

7
 V

o
l 2

2
(4

):0
0

0
-0

0
0
 

with hydrazine and DTPA are always lower than that 

cleaned with water. 

 

For the Mg/Ca cleaning and the cleaning 

experiment with water the values of Ba/Ca ratio 

range between 1.59 and 7.60, and between 1.45 

and 3.53 µmol.mol-1, respectively. Whereas for the 

cleaning experiment using reductive solutions (Table 

2.) the Ba/Ca ratio values vary between 1.28 and 

73.39 µmol mol-1. This extremely high value (73.39 

µmol mol-1) is found in the GeoB 10033-3 (cleaning 

experiment with hydrazine). Another high Ba/Ca 

ratio value (12.32 µmol mol-1) is also appeared in 

GeoB 10042-2 (cleaning experiment with hydrazine). 

 

Most of the values of G. sacculifer Al/Ca ratio 

are under detection limit (negative values). The 

Mn/Ca ratio values of G. sacculifer vary between 0.4 

and 682.24 µmol.mol-1. Our results revealed that 

there are only two surface sediment samples (GeoB 

10033-3 and GeoB 10034-3) which have high 

Mn/Ca value >100 µmol.mol-1 (Table 1.). For the 

Fe/Ca ratios, our data also show that most of the 

values are negative and only two surface sediment 

samples (GeoB 10038-3 and SO189-02MC) which 

have Fe/Ca ratio value >100 µmol.mol-1. Overall, 

there is no significant correlation between these 

three element ratios and Ba/Ca ratio (r2 ≤ 0.01; not 

shown). 

 

Planktic foraminifera G. sacculifer 18Osw 

 

The 18Osw values of G. sacculifer from all 

surface sediment samples used in this study range 

between 0.01 and 0.43 (‰ SMOW). The lowest and 

highest values are observed in GeoB 10036-3 and 

GeoB 10033-3, respectively. 

 

An issue in using elemental ratios as paleo-

proxies is the possibility of contamination caused by 

silicate material during foraminifera cleaning (Barker 

et al., 2003) and/or post-depositional Mn-rich 

carbonate (Pena et al., 2005; 2008). Such 

contaminations can be assessed through Al/Ca ratio 

of foraminifera to detect silicate contamination and 

through Mn/Ca and Fe/Ca ratios to detect 

contamination by Mn-rich carbonate or early 

diagenetic ferromanganese oxides. We used the 

criteria of Ni et al. (2007) that suggests Al/Ca ratio 

of <100µmol mol-1 indicates not contamination by 

silicates. We also used a threshold of Boyle (1983) 

and Boyle and Rosenthal (1996) that suggests that 

a Mn/Ca ratio of 100-150 µmol.mol-1 is not 

contaminated by MnCO3. Our data show that there 

are two surface sediment samples containing high 

Al/Ca ratio values, i.e. GeoB 10033-3 cleaned with 

hydrazine and GeoB 10038-3 of Mg/Ca cleaning. In 

addition, Mn/Ca ratios of GeoB 10034-3 (Mg/Ca 

cleaning and cleaned with water) also exhibit high 

values. Therefore we discarded the Ba/Ca ratio 

values of these samples when discussing our 

results. We also excluded all of the Ba/Ca ratio 

values of GeoB 10040-3 and GeoB 10039-3 as the 

values show an opposite trend compared to general 

pattern resulted from the experiments. 

 

Higher Fe/Ca ratio values are observed in 

cleaning experiment with hydroxylamine in GeoB 

10038-3 and SO189-02MC. However, we assume 

that Ba/Ca analyses for these surface samples were 

unaffected by silicate contamination as the Al/Ca 

ratio values are under the detection limit of the ICP-

OES. Overall, the elemental ratios of the 

contamination indicators (Mn/Ca and Fe/Ca ratios) 

suggest that our G. sacculifer Ba/Ca ratio can be 

used for further analyses. 

 

Examining G. sacculifer Ba/Ca as a proxy for salinity 

 

Although seawater Ba concentration for the 

investigated area is unknown, we examined the 

applicability of G. sacculifer Ba/Ca ratio as a proxy 

for paleo-salinity by comparing it to the G. sacculifer 

δ18Osw from the same surface sediment samples. 

Compared to GeoB 10033-3, GeoB 10034-3, and 

SO189-11MC, the positions of surface sediments 

GeoB 10036-3, GeoB 10038-3, GeoB 10039-3, 

GeoB 10041-3, GeoB 10042-2, and SO189-02MC 

are suitable for this investigation as these sediments 

geographically should be influenced by the transport 

of low salinity Java Sea water into the ETIO via the 

Sunda Strait (Figure 1.). This inference is in 

accordance with the observation (Table 1.) that 

demonstrates the G. sacculifer δ18Osw values of 

GeoB 10033-3, GeoB 10034-3, and SO189-11MC 

are on average higher (0.23-0.43 ‰) compared to 

those located near the Sunda Strait (0.01-0.40 ‰). 

In addition, precipitation and runoff from Sumatra 

and Java are enhanced during the northwest 

monsoon season, hence, we expect that the 

transported freshwater to the Sunda Strait is 

enriched in Ba. 

 

In line with our expectation the average 

Ba/Ca ratio value of each different cleaning method 

for surface sediments located in the proximity of the 

Sunda Strait indicates slightly higher Ba/Ca ratio 

values compared to surface sediments located far 

from the Sunda Strait (Table 3.), with an exception in 

Ba/Ca value cleaned with hydrazine that shows 

identical value. It is important to note here that we 

excluded Ba/Ca values of GeoB 10042-2 in this 

calculation. Even if we added this surface sample to 

the calculation, the yielded difference in the average 

Ba/Ca for two different locations becomes larger. 

Indeed, this finding strengthens our assumption that 

the fresher Java Sea waters transported to the 

Sunda Strait are slightly enriched in Ba 
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concentration. However, this observation may also 

lead to a suggestion that G. sacculifer Ba/Ca in the 

GeoB 10042-2 as well as G. sacculifer Ba/Ca of the 

surface samples close to the Sunda Strait are 

substantially affected by the upwelling and from the 

advection of fresher Java Sea waters. 

 

In line with our expectation the average 

Ba/Ca ratio value of each different cleaning method 

for surface sediments located in the proximity of the 

Sunda Strait indicates slightly higher Ba/Ca ratio 

values compared to surface sediments located far 

from the Sunda Strait (Table 3.), with an exception in 

Ba/Ca value cleaned with hydrazine that shows 

identical value. It is important to note here that we 

excluded Ba/Ca values of GeoB 10042-2 in this 

calculation. Even if we added this surface sample to 

the calculation, the yielded difference in the average 

Ba/Ca for two different locations becomes larger. 

Indeed, this finding strengthens our assumption that 

the fresher Java Sea waters transported to the 

Sunda Strait are slightly enriched in Ba 

concentration. However, this observation may also 

lead to a suggestion that G. sacculifer Ba/Ca in the 

GeoB 10042-2 as well as G. sacculifer Ba/Ca of the 

surface samples close to the Sunda Strait are 

substantially affected by the upwelling and from the 

advection of fresher Java Sea waters. 

 

The correlation plot between G. sacculifer 

δ18Osw and G. sacculifer Ba/Ca of different cleaning 

procedures for surface sediments nearby the Sunda 

Strait is shown in Figure 2. Positive correlations are 

observed in Ba/Ca of Mg/Ca cleaning (r2=0.65, 

n=4),  in Ba/Ca cleaned with water (r2=0.97, n=5) 

and hydroxylamine (r2=0.57, n=6). However, we 

expect that higher Ba/Ca ratios should correspond 

to lower δ18Osw values. Hence, we suggest that the 

Ba/Ca ratios do not represent salinity. A weak 

correlation is also observed between G. sacculifer 

δ18Osw values and the values of Ba/Ca ratios 

cleaned with hydrazine (r2<0.01, n=4) and DTPA 

(r2=0.27, n=4). In summary, according to our new 

results, we suggest that G. sacculifer Ba/Ca cannot 

be applied as a tracer for freshwater discharge in 

the ETIO off the Sunda Strait due to the fact that 

Ba/Ca ratio of G. sacculifer appears to be influenced 

not only by freshwater discharge and but also by 

upwelling. Moreover, cleaning experiments, as 

indicated by Table 3, suggest that a Mg/Ca cleaning 

method introduced by Barker et al. (2003), DTPA 

and hydroxylamine can be  used   to   extract   Ba/Ca   

 

 
Table 3.  Average Ba/Ca ratio values of different cleaning experiments for surface sediments located proximal to and distal 

from the Sunda Strait. 

   

 

 

 
 

Figure 2. Correlation plots between G. sacculifer seawater δ18O (‰ SMOW) and G. sacculifer Ba/Ca ratios of different cleaning 

experiments. 

Average Ba/Ca ratio value cleaned with  

Surface sediments location: 

Hydrazine 

(µmol.mol-1) 

Water 

(µmol.mol-1) 

Hydroxylamine 

(µmol.mol-1) 

DTPA 

(µmol.mol-1) 

Mg/Ca cleaning 

(µmol.mol-1) 

Near the Sunda Strait (GeoB 10036-3, GeoB 

10038-3, GeoB 10041-3, and SO189-02MC) 

1.63 2.30 2.79 2.05 3.48 

Far from the Sunda Strait (GeoB 10033-3, 

GeoB 10034-3, SO189-11MC) 

1.64 2.14 2.49 1.51 3.05 



 

   

 ILMU KELAUTAN December 2017 Vol 22(4):201-212 

   

  

 208 Assessing the reliability of planktic foraminifera (R. Y. Setiawan et al.) 

IL
M

U
 K

E
L

A
U

T
A

N
 D

ecem
b

er 2
0
1

7
 V

o
l 2

2
(4

):0
0

0
-0

0
0
 

 
 

Figure 3. Correlation plots between G. sacculifer seawater δ18O (‰ SMOW) and G. sacculifer Ba/Ca ratios of different cleaning 

experiments. 
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ratio   from   the   planktic  foraminifera tests for the 

region of ETIO due to their reliability to preserve 

seawater Ba/Ca. The similar Ba/Ca values between 

“freshwater discharge” region (proximity to the 

Sunda Strait) and “non-freshwaterdischarge” region 

(distal from the Sunda Strait) in the hydrazine 

experiment imply that this reductive reagent cannot 

be used for cleaning the Ba/Ca foraminifera. 

 

Examining G. sacculifer Ba/Ca as an indicator for 

marine productivity 

  

In order to investigate the potential use of G. 

sacculifer Ba/Ca as a proxy for marine productivity 

we compare our Ba/Ca data to the published data of 

marine productivity indicators in the ETIO like bulk 

content of organic carbon (Corg.), the isotopic 

composition of nitrogen (δ15N) (Baumgart et al., 

2007), opal content and planktic foraminifera G. 

ruber δ13C (Mohtadi et al., 2011). Our comparison 

suggests that there is a lack of correlation between 

G. sacculifer Ba/Ca and those marine productivity 

indicators (Figure 3.). For Ba/Ca cleaned with 

reductive reagents of hydrazine and hydroxylamine, 

and DTPA the resulted r2 are 0.07, 0.04, and 0.31, 

respectively. Furthermore, the r2 for Ba/Ca cleaned 

with water and of Mg/Ca cleaning are 0.09 and 

0.12, respectively. Although we do not have values 

for Ba/Ca ratio cleaned with hydrazine and DTPA, 

interestingly, the Ba/Ca ratios of GeoB 10042-2, 

which is located closed to the South Java upwelling 

core, differs from the other samples. The Ba/Ca 

ratios of GeoB 10042-2 indicate higher values than 

the other regions (Figure 1. and Table 1.). 

 

Congruent with this observation opal 

concentration in surface sediment GeoB 10042-2 

also exhibits a relatively high concentration (5.2 %) 

compared to other surface sediment samples used 

in this study (Table 1). The highest opal 

concentration (7.2 %) in the studied area is found in 

GeoB 10038-3. In addition to opal, a systematic 

trend in concentration is pronounced in the region 

off Sumatra, with higher (lower) concentration is 

observed in the southern (northern) Sumatra. 

Mohtadi et al. (2007) suggest that opal is a reliable 

proxy for marine productivity in the ETIO as its 

spatial distribution is tightly coupled to the south 

Java-Lesser Sunda Island upwelling that occurs 

during the southeast monsoon season. In 

corroboration with this suggestion a sediment trap 

study by Romero et al. (2009) also revealed that the 

highest flux of opal occurred during the southeast 

monsoon season (>150 mg m-2 d-1). Furthermore, 

according to the findings of Mohtadi et al. (2007) 

there is a strong northwest-southeast gradient in the 

spatial distribution of opal concentration in the ETIO. 

High opal concentrations of 6.37, 7.26, and 9.02 % 

are found in the surface sediments off south Java, 

Lombok Basin, and in the Savu Sea, respectively, 

whereas low opal concentrations (≤ 4.2 %) are 

observed in the surface sediments off western 

Sumatra, where the upwelling influence is 

diminished. 

 

It is likely that high Ba/Ca ratio values in 

GeoB 10042-2 are strongly coupled to the south 

Java upwelling.  During the upwelling season the 

primary productivity in the regions off south Java and 

Lesser Sunda Island chain are increased. The 

upwelling-induced chlorophyll a bloom leads to 

enhanced barite precipitation and flux in the water 

column (Paytan and Griffith, 2007). Therefore it is 

plausible that the higher Ba/Ca ratios of G. 

sacculifer in GeoB 10042-2 may reflect higher 

seawater Ba concentration in the region. However, 

as the position of GeoB 10042-2 is also closed to 

the Sunda Strait, we believe that the higher value of 

Ba/Ca ratios in G. sacculifer may also be influenced 

by freshwater advection of the Java Sea waters into 

the Sunda Strait (detailed explanation in the next 

section). In order to validate this observation a 

similar study on other multiple planktic foraminifera 

species collected from the upwelling region of 

southern Java-Lesser Sunda Island chain (e.g. 

southern Bali, Lombok and Sumba) is ultimately 

needed. 
 

Spatial distribution of the surface sediment 

δ15N off Sumatra also shows similar northwest-

southeast gradient as opal (GeoB 10033-3, GeoB 

10034-3, GeoB 10040-3 and GeoB 10041-3; Table 

1). In addition, the δ15N values also exhibits a 

nearshore-offshore trend (GeoB 10036-3, GeoB 

10039-3, GeoB 10038-3, GeoB 10041-3, and GeoB 

10040-3). For both patterns the highest δ15N value 

is observed in the GeoB 10041-3 (6.0 ‰). 

Unfortunately, the δ15N data of GeoB 10042-2 was 

not available, hence, we cannot suggest whether 

this increase relates to upwelling or not. Meanwhile, 

spatial distributions of the Corg. and G. sacculifer 

δ13C show an opposite trend compared to opal 

concentration. Higher values for both parameters 

are found in the GeoB 10033-3, GeoB 10034-3, and 

SO189-11MC, which are located distal from the 

upwelling region. This finding suggests that 

upwelling is not a major contributor for the high 

values of Corg. and G. sacculifer δ13C. 
 

 

Conclusion 
 

It can be concluded that Ba/Ca ratio of G. 

sacculifer cannot be used to reconstruct freshwater 

discharge, but it has a potential to trace modern and 

past marine productivities in the ETIO off south Java 

and Lesser Sunda Islands. Based on cleaning 

experiment on planktic foraminifera G. sacculifer for 
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Ba/Ca ratio extraction, according to our experiment 

results, it concluded that a cleaning protocol of 

Mg/Ca, DTPA, and hydroxylamine can be used to 

extract Ba/Ca ratio from planktic foraminifera tests 

in the ETIO. 
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