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ABSTRACT: Arafura Sea is located between Papua and Australia as a part of Sahul Shelf. It is strongly
influenced by ITE ITCZ replacement, monsoon, and ENSO circulation that interplay with local mechanism.
To understand the paleoceanographic parameter changes during Holocene, we conducted foraminiferal
quantitative analysis from a 152 cm length sediment core (Aru-07), in every 10 cm interval. This sediment

core was retrieved from 134°00°33.6” E, 5°55’51.59” S, by RV Geomarin 3 belongs to Marine Geological

Institute. Geochronology of the sediment was reconstructed based on 2 AMS l4c age dates, analyzed on
organic samples. We identified 129 species of benthic and 24 species of planktonic foraminifera that is
dominated by planktonic specimens with average of 53.14%. Predominant species are Globigerina bulloides
(16.16%), Globigerinoides ruber (11.18%), and Neogloboquadrina dutertrei (5.65%). Benthic type is dominated
by genera Bolivina, Bulimina, and Uvigerina by 25.86% (average). This might suggest eutrophic condition
associated with carbon-rich or low oxygen level (dysoxic) condition. Single linkage cluster analysis revealed 3
palecenvironmental zones, are: Zone I: older than 3.9 kyr BE, characterized by depleted oxygen level and
nutrient enrichment compared to that of younger zone. Zone II: 3.9 — 2 kyr BE, characterized by oxygen
content enrichment and deeper thermocline layer, related to the sea level rise during more neutral or La Nifia
like condition. Zone III: younger than 2 kyr BE, represent shallower thermocline layer, higher productivity
which might be related to upwelling, and dysoxic condition. Sea level might be declined that related to more
El Nifio like condition.
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ABSTRAK : Laut Arafura berlokasi di antara Papua dan Australia sebagai bagian dari Paparan Sahul. Kondisi
iklim sangat dipengaruhi oleh ITE perpindahan I'TCZ, monsun, dan ENSO yang berinteraksi dengan mekanisme
lokal. Untuk memahami perubahan parameter oseanografi selama Holosen, kami melakukan analisis kuantitatif
mikrofauna foraminifera, yang dilakukan terhadap sebuah bor sedimen laut sepanjang 152 cm (Aru—07) pada

interval setiap 10 cm. Bor sedimen bawah laut ini telah diambil pada posisi 134°00°'33.6” BT, 5°55’51.59” LS,
menggunakan kapal penelitian Geomarin 3, Pusat Penelitian Geologi Kelautan. Geokronologi sedimen berdasarkan
2 radiocarbon dating, dianalisis dari sampel organik pada sedimen. Teridentifikasi 129 spesies bentik dan 24 spesies
plangtonik yang didominasi oleh plangtonik dengan persentase rata-rata 53.14%. Foraminifera Jenis—jenis yang
dominan antara lain Globigerina bulloides (16.16%), Globigerinoides ruber (11.18%), dan Neogloboquadrina
dutertrei (5.65%). Sedangkan jenis bentik didominasi oleh genus Bolivina, Bulimina, dan Uwvigerina, dengan
persentase rata—rata 25.86%. Hal tersebut kemungkinan menunjukkan kondisi eutropik yang berasosiasi dengan
kondisi kaya karbon dan rendah level oksigen (disoxic). Analisis cluster single linkage menunjukkan tiga zona utama,
yaitu: Zona I:  lebih tua dari 3.9 kyr BE dicirikan oleh velatif rendahnya kandungan oksigen dan lebih kaya
kandungan nutrien. Zona II: 3.9 — 2 kyr BE dicirikan oleh meningkatnya kandungan oksigen, dan mendalamnya
lapisan termoklin, berkaitan dengan meningkatnya muka air laut ketika kondisi netral atau kondisi seperti La Nifa.
Zona I1I: lebih muda dari 2 kyr BE merupakan zona dengan kondisi lapisan termoklin yang mendangkal, produktifitas
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meningkat yang kemungkinan berkaitan dengan upwelling, dan kondisi disoxic. Muka air laut kemungkinan turun,

berasosiasi dengan kondisi seperti El Nifio.

Kata kunci: Perubahan paleoseanografi, upwelling, analisis foraminifera, Laut Arafura

INTRODUCTION

Indonesian archipelago is the only low latitude
pathways of the global inter-ocean circulation
connecting waters from the Pacific Ocean to the Indian
Ocean through the Indonesian Throughflow (ITF, e.g.
Gordon, 2005; Mayer et al., 2010). Study area is located
at the northwestern tip of Arafura Sea (referred as
Arafura Shelf), eastern part of Indonesian waters as a
part of Sahul Shelf, to the east of the Banda Sea. It is
passed through by ITF transport derived both from
Banda Sea and from the third pathway of ITF through
the Halmahera Sea and Lifamatola which is dominated
by South Pacific water (Figure 1). Therefore, the
variability of ITF strongly influences the climatic
condition in this region which is driven by latitudinal
shift of the Intertropical Convergence Zone (ITCZ),
coupled with Australian monsoon. During Australian
Summer (DJF), northwesterly winds (thus known as
northwest/NW monsoon) bring wet and moist air from
Indian Ocean and Indonesian Archipelago to the
northern Australia, the ITCZ shift southward resulting
heavy precipitation over southern Indonesia including
Banda Sea, Arafura shelf and northern Australia.
During this wet season, nutrient enrichment might be
occurred largely derived from fluvial discharge. In

contrast during Australian winter (JJA), strong trade
wind brings cool and dry air from the Australian
continent, thus termed as southeast (SE) monsoon. The
ITCZ migrates northward lead to supress atmospheric
convection in the eastern Banda Sea and surrounding,
decrease precipitation and moreover might induce large
scale upwelling because of the emptiness of the water
column (Moore et al., 2003 and references therein).
The climate in this area is also modified by the
mechanism in Timor and Papua islands that is related to
high topographic relief and mountains (Alongi et al.,
2011). It is also situated within Indo Pacific Warm Pool
(IPWP), therefore inter annual climatic variability i.e.
ENSO circulation interferes the climatic condition in
the study area. Moore ef al. (2003) and Beaufort er al.
(2010) observed that productivity in Banda Sea
indicates not only seasonal variability but also inter-
annually, which related to the ENSO circulation. It is
observed that during El Nifio years the primary
productivity tends to last longer and more intensive
(Moore et al., 2003). Furthermore, Linsley et al. (2010)
have compiled data within Indonesian waters and
surrounds as a part of IPWP (Sulu Sea, Banda Sea,
Makassar Strait, Bali Basin, Timor Sea, South China
Sea) and described that elevated SST during Early
Holocene in those area was more correlated to

the westward shift or the expansion of the West
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Pacific Warm Pool boundaries. This finding led
\ to the question: how about Arafura Sea? Is this
area also more affected by West Pacific
dynamic particularly during Holocene?
Arafura Sea is a part of Coral Triangle that
is occupied by high diversity of the world
marine organism. It is also an area nearby the
large oil and gas field, including Abadi and
Tangguh gas field (Roberts ef al, 2011). In
addition to that this area shares a border
between 4 nations are Indonesia, New Guinea,
Timor-Leste and Australia, therefore studying
the environmental condition of this area will
give positive feedback for every aspect
including oceanography, climatology,
biodiversity, economic, and geo-politic.
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Figure 1.

the position of sediment core for this study (Aru-07).
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The Indonesian through flow pathways and their transport
volume estimation (figure from Alongi et a/., 2011). Red dot is

determining air-sea interaction in the Arafura
Sea. Foraminifera is marine organism that has
been used widely as paleoceanography and



paleoclimatology proxy both from its shell
geochemistry and from its assemblages. The abundance
of typical genera or species might interpret certain
environmental condition. For example group of
Bulimina, Bolivina, and Uvigerinacommonly abundant
in dysoxic condition, Neogloboquadrina dutertrei,
Globigerina bulloides, and Pulleniatina obliqueloculata
are abundant in thermocline layer and prefer to live in
eutrophic condition, which might be related to
upwelling process, in contrast Globigerinoides ruber
and Globigerinoides sacculifer will be dominant in
mixed layer and thrived in warm and oligotrophic
condition (e.g. Baohua et al, 1997; Barmawidjaja et al.,
1993; Ding et al., 2006; Drinia ef al, 2003). Its large
population in marine sediment and its relatively simple
and cheap preparation are the superiority of this
method.

Previous study of foraminiferal assemblages has
been done in Banda Sea during Cruise G5 of the
Indonesian — Dutch Snellius-II Expedition, which was
conducted during northeast monsoon (April/May
1985). The finding indicates that during this season
planktonic ~ foraminifera is = dominated by
Globigerinoides ruber and Globigerinoides trilobus,
typical for low nutrient condition (Troelstra and Kroon,
1989). From this cruise, bathymetric distribution of
foraminifera in Banda Sea has been also studied which
related to the oceanographic condition of this area (van
Marle, 1988). Furthermore, Ganssen et al (1989)
studied paleo-climatology and paleoceanography
during Late Quaternary in Banda Sea and Seram
Trough based on multi proxy analyses including
foraminiferal assemblages and its shells isotope. Their
finding indicates 2 steps deglaciation in 14.2 ka and 9.2
ka which led to increase humidity rather than to the SST
variation. They observed that since ca. 10.5 the climate
was wetter, and from ca. 9.2 ka upwelling intensity
increase due to stronger monsoon. Monsoonal intensity
then decreased in about 2.7 ka.

Geological Setting

Arafura Shelf is an extension of the stable northern
Australian shield area, a submerged of Australian
continental crust, bounded by an extinct accreting plate
margin (Jongsma, 1974). Tertiary orogenic belts of
Banda Arc and Timor are the border in the west and
northwest, Tertiary collision zone between the
Australian Craton and the Northern Papua Island Arc in
the north, Australian Craton is the border in the south,
and graben of Gulf Carpentaria in the east (Harahap,
2012; Jongsma, 1974). Deep Aru Basin and Timor
Trough as part of the Outer Banda Arc separated
Arafura and Sahul Shelves from the Tertiary
geosyncline of Timor and East Celebes (Jongsma,
1974).

Basement of Arafura Sea and southern region of
Papua is interpreted as pre-Cambrian rock and
Cambrian to Devonian, which then unconformably
overlain by the Permian Aiduna Formation of the Aifam
Group (compiled by Harahap, 2012). Unconformity
regional revealed at the base of the Mesozoic, overlies
the pre-Cambrian. Recent terrigenous sediments are
restricted in the inner part, with coarse shelly quartz
sand grading into silty clay seaward, while the outer
part composed of Pleistocene relict sediment which are
extensively glauconitized, some of the surface sediment
particularly in the northeast are originated from eroded
calcareous quartz-rich Tertiary sediment (Jongsma,
1974). Beach rock and shallow water corals are found at
200 m water depths as evidence of extremely low sea
level stand during glacial period older than 170.000
years BP and during 14.000 years BP (Jongsma, 1974).

Million years ago, the position of Papua, New
Guinea and Australia were further south than their
present position. Reorganization of the SE Asia
including subduction of oceanic crust beneath the SE
Asia led to the northward movement of Australia and
New Guinea, and westward displacement of
Halmahera, hence narrowing Indonesian seaway
between the Philippine and Papua, and hampered the
throughflow (Cane and Molnar, 2001; Hall, 1996;
Kuhnt et al, 2004). Convergent of Bird’s Head and
Sulawesi, and between Bird’s Head and Seram have
resulted in shallowing of Molucca Sea and seafloor
between New Guinea Papua and Sulawesi (Cane and
Molnar, 2001). As a result, the inflow from relatively
warm South Pacific was switched into relatively cold
North Pacific, led to decrease the SST in the Indian
Ocean and increase aridity in Africa. It is also presumed
that the restriction of Australia — Asia gap initiated the
existence of WPWP (Cane and Molnar, 2001; Kuhnt et
al., 2004).

Oceanography

Water Depths of Sahul Shelf are mostly less than
200 m, it increases from Australia toward Timor Trough
and the Banda Sea, marked by steep slope along its
western edge which deeper than 600 m (Harahap, 2012;
Jongsma, 1974; Williams et al, 1974). Mixed layer is
between 20 to 50 m in the end of upwelling season
(October) and up to 100 m in the early March (Williams
et al., 1974; Wyrtki, 1961). Temperature and salinity
measurement were carried out during the Cruise of R.V.
“Samudera”, indicated between 25.6° and 27.0° C of
surface temperature in August 1984, and between 28.4°
and 29.6° C in February 1985, while mean surface
salinity during August is 33.00, lower than that during
February (33.45) (Ilahude et a/., 1990). Higher surface
salinity during August is related to the upward
movement of cool and more saline deeper water
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induced by upwelling which also bring more nutrient to
the surface. Wyrtki (1961) also noted that upwelling
during SE monsoon is considerably observed in this
water. Upwelling particularly takes place along the
shelf and slope in the western part with relatively high
inorganic phosphate and low oxygen level in the surface
(Jongsma, 1974). Being a part of the Coral Triangle,
Arafura Sea is known as one of the extremely high
productivity and recognized with the most pristine but
most endangered tropical coastal and marine
ecosystems in the world (Alongi ef al, 2011 and
reference therein).

Major oceanic feature in Indonesian waters
including Arafura Sea is the Indonesian Throughflow
(ITF), branch of global thermohaline circulation which
connecting water from Pacific Ocean to the Indian
Ocean (Gordon, 2005; Mayer ef al., 2010). The ITF is
coupled with large scale climatic phenomena including
ENSO circulation driven by the gradient density
between West Pacific and East Pacific, Australian
monsoon and Indian Ocean Dipole (Alongi et al., 2010;
Gordon, 2005; Newton et al., 2011).

METHODS

This study is a part of a collaborative project
between Indonesia (Marine Geological Institute) with
the Korea Institute of Ocean Science & Technology
(KIOST). For this study, we conduct quantitative
analysis of microfauna foraminifera from marine
sediment core Aru-07, a 152 cm length sediment core,
retrieved from west of Aru Islands, Arafura Sea
(134°00°33.6” E, 5°55°51.59” S, figure 2). The core
was collected from 276 m water depth, on board

Geomarin 3, Marine Geological Institute of Indonesia.
Foraminiferal assemblage was analyzed in every 10 cm
interval, in total, 15 samples were analyzed.
Approximately 300 individu of foraminifera were
picked from > 150 pm size fraction, in order to
eliminate the juvenile form (Spooner et al., 2005). In
relatively large volume of samples, sample was firstly
splitted to contain at least 300 individu of foraminiferal
shells. Shells were handy picked and multiplied by
splitter, then foraminiferal taxon were identified refer to
Bolli et al. (1985), Holbourn et al. (2013), Loeblich and
Tappan (1994), Postuma (1971), and van Marle (1988).
Determination was also referred to foraminiferal
websites including http://www.foraminifera.eu, http://
www.marinespecies.org (World Register of Marine
Species, WoRMS), and http://species-identification.org.

Geochronology of the sediment was reconstructed
based on radiocarbon AMS '4C dating, analyzed on
organic samples collected from 2 sample horizons, by
the Korean counterpart. The resulted radiocarbon age
was then converted into calibrated calendar age by
calculating the distribution probability of the samples true
ages by CALIB 7.0.4, an online software first developed
by Stuiver et al. in 1986, and the latest version in 2018,
by using the Intcal13 calibration data set (Reimer ef al.,
2013, in conjunction with Stuiver and Reimer, 1993).
Intcall3 is commonly used for no-marine sample
(Reimer et al., 2013). Derived calender age is presented
in term Before Present (BP), where “present time” is
defined as AD 1950 (Currie, 2004). The calibrated age
was then interpolated and extrapolated in Kaleidagraph
4.5 a software from Synergy.
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Map of the study area in Arafura Sea, red circle is the position of the marine sediment core Aru—07. Colour indicates



RESULTS

Geochronology

For geochronology, 5 horizons were chosen,
however, only two samples (horizon 22-24 cm and 122-
124 cm) that are considered revealing true age. Sample

and the other two horizons (66-68 cm, and 146-148 cm)
display younger age (2000 and 3000 yr younger
respectively) than the one derived from the age model

at horizons 15-17 cm indicates older age (3000 older),

Table 1. Data of sample for radiocarbon dating, resulted and calibrated age

Figure 4. Sedimentation rate of marine sediment core Aru-07
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(Table 1, Figure 3). The average sedimentation rate is
6.56 cm/kyr BP during 3 kyr, and 25.2 cm/kyr BP
during 7.5 kyr (Figure 4).
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Foraminifera

There are 153 species of foraminifera found
vertically in the study area that consists of 129 benthic
and 24 planktonic. One unidentified benthic and
unidentified juvenile planktonic is also found
(Appendix 1). Planktonic foraminifera is slightly more
dominant with average percentage 53.14%. The highest
percentage is in the top part of the core (10-12 cm,
82.66%), the lowest planktonic percentage is in 110-
112 cm interval (29.89%). The dominant planktonic
foraminifera are Globigerina bulloides with average
percentage 16.16%, Globigerinoides ruber (11.18%),
Neogloboquadrina dutertrei (5.65%), and Globorotalia

menardii (4.09%). Moreover, Pulleniatina
obligueloculata, Hastigerina pelagica and
Globigerinoides sacculifer are also commonly found
with percentage average 3.41%, 2.93%, and 2.49%
respectively (Figure 5).

Dominant benthic foraminifera particularly are
Bolivina compacta (14.26%) found in every level,
Bulimina spp. (particularly B. marginataand B. pagoda
type) with total average percentage 5.23%, Uvigerina
peregrina  (2.67%), Paracassidulina  neocarinata
(1.66%), and Lenticulinacf. L. iota(1.29%). In general,
total of genera Bolivina, Bulimina, and Uvigerina are
dominant, with percentage average 25.86%.

Figure 5.
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Dominant foraminifera: planktonic foraminifera: 1). Globigerinoides ruber (d’Orbigny), 2). Globigerina
bulloides d’Orbigny, 3). Globigerinoides sacculifer (Brady), 4). Pulleniatina obliqueloculata Parker and
Jones, 5). Globorotalia menardii (d’Orbigny), 6). Neogloboquadrina dutertrei d’Orbigny, benthic
foraminifera: 7). Uvigerina peregrina Cushman, 8). Uvigerina proboscidea Schwager 9). Bolivina compacta
Sidebottom, 10). Saidovina karreriana (Millet) 11). Bolivina hantkeniana Brady, 12). Bulimina pagoda
Cushman, 13). Bulimina marginata d’Orbigny, 14). Paracassidulina neocarinata (Thalmann).



Single linkage cluster analysis applied to the
assemblage of foraminifera (Figure 6), dividing cluster
by distance 25, reveals 3 main group, are:

older than 3.9 kyr BP, characterized by
relatively high percentage of dysoxic type
of benthic (+ 41% in average) and lower
planktonic percentage compared to that of
younger zone (Figure 7). Planktonic is
dominated by thermocline layer dweller

Zone I:

including Globigerina bulloides,
Neogloboquadrina dutertrei, and
Pulleniatina obligueloculata. While

dysoxic type of benthic exhibit higher
percentage compared to that of younger
zone. This might reflect higher nutrient
content condition and lower oxygen level.
This situation is also confirmed by
relatively lower Globigerinoides ruber and
Globigerinoides sacculifer.

Zone II: 3.9 — 2 kyr BP, characterized by increase of
planktonic  type, particularly abrupt
increase of Globigerinoides ruber and
Globigerinoides  sacculifer, and  the
increase of mixed layer dweller type. In
contrast, thermocline layer dweller type
slightly  decreased, as  well as
Neogloboquadrina dutertrei and benthic
dysoxic type. Sea level might be increased,

lead to increase oxygen content, deeper
thermocline layer and thicker mixed layer.
Slightly  increase = of  Pulleniatina
obligueloculata while Neogloboguadrina
dutertrei decrease might exhibit changes in
nutrient source. Detrital derived nutrient
might be more dominant due to increase
precipitation.

Zone III: younger than 2 kyr BP, characterized by
decrease of planktonic  percentage,
Globigerinoides ruber, Globigerinoides
sacculifer, and mixed layer dweller type, in
contrast thermocline layer dweller, dysoxic
genera, Pulleniatina obliqueloculata, and
Neogloboquadrina dutertrer are increased.
Sea level might be drop during this time,
lead to shallower thermocline layer, and
thinning the mixed layer, productivity
increase hence oxygen content decline.

DISCUSSION

In general, total of genera Bolivina, Bulimina, and
Uvigerina are dominant, with percentage average
25.86%. This might suggest eutrophic condition
associated with carbon-rich or low oxygen level
(dysoxic) condition (i.e. Boltovskoy and Wright, 1976;
Jorissen, 1987; Martins ef al. 2015; etc.). The nutrient
enrichment at this site during the last 9 ky BP is also
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o w (=] un
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Zone |

Figure 6.
in marine sediment Aru-07.

Cluster analysis of microfaunal percentage indicate 3 different biozone
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indicated by relatively high percentage of
Globigerinoides bulloides, Neogloboquadrina
dutertrei, Globorotalia menardii, and Pulleniatina

obligueloculata, which are known to be species prefer
to live in high nutrient level (e.g. Barmawidjaja et al.,
1989; 1993; Baohua, 1997; Ding et al., 2006; Drinia et
al., 2003; Mohtadi et al,, 2009; Sijinkumar et al., 2011;
Spooner et al, 2005; Tedesco et al, 2007). High
nutrient might be resulted from enhance upwelling that
fluently occurred nearby Arafura Sea. As has been
described above upwelling intensification is one of the
Banda Sea and surrounding’s responds particularly to
the SE monsoon event (Moore ef al., 2003). According
to Ganssen ef al. (1989), upwelling enhanced nearby
Banda Sea and seram Trough from 9 ka related to
stronger monsoon regime. Ilahude er al (1990)
observed that during August (SE monsoon) nutrient
level in surface and bottom water in Arafura Sea is very
rich due to stronger upwelling. Meanwhile, during NW
monsoon (February), upwelling weakened hence
productivity decline. However, nutrient is still higher
compared with that of Banda Sea during this time
derived from terrestrial input, mostly from Papua, and

mixed layepr,  thermocline

Total planktonic
dweler (%}{% layer dweller (%4)

(%)

0 25 50 75 100 0 20 40 &C

dysoxic type
(%)

AAn 3 0 AR AR
00 10 20 30 40 500

G. ruber (%)

&

decreased, particularly Neogloboquadrina dutertrer is
absent during this time. Sea level might increase, which
initiated the warmer Late Holocene time. The increase
of mixed layer dweller indicates thickening of mixed
layer hence deepening the thermocline layer depth.
Increase of Globigerinoides ruber might suggest
nutrient declined, similar with the result of Troelstra
and Kroon (1989) who studied foraminiferal
assemblages from surface water of Banda Sea during
North western monsoon, they observed that during this
season frequency of Globigerinoides ruber and
Globigerinoides trilobus are the highest suggest
oligotrophic condition. Afterwards sea level abruptly
decreased again from ca. 2 kyr BP, indicated by
decrease of total planktonic percentage and decrease of
mixed layer dweller species Globigerinoides ruber and
Globigerinoides sacculifer (Figure 7). Mixed layer is
thinner during this time, as a result shoaling
thermocline layer. Nutrient content is higher indicated
by increase of Neogloboquadrina dutertrei and
Pulleniatina obliqueloculata might be resulted from
enhance upwelling. It has been reported that during ca.
2000 to 800 yr El Nifo was stronger or more often,

G. sacculifer P. obliqueloculata
(56) (%)
400 2 4 6 80 4 8 12 160 4

& P

N. dutertrei G. bulloides
(%) (%)
8 12160 6 1218 24

20 30

Age (kyr BP)

Figure 7.

layer dweller.

partly from Aru, Yamdena and Kei Islands (Alongi et
al, 2011).

Distinctive environmental changes occur from
approximately 3.9 kyr BP, indicated by clear increase of
total planktonic percentage, abrupt increase of mixed
layer dweller species including Globigerinoides ruber
and Globigerinoides sacculifer; in contrast thermocline
layer dweller species and dysoxic type genera are
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%4

Predominant species percentages including group of dysoxic type, mixed layer dweller, and thermocline

trade wind was weakened hence reduce heat flux
transport from Pacific to Indian Ocean (Newton et al.,
2011). Meanwhile, Langton et al. (2008) found more
neutral or La Nifia — like condition during 3500 — 1700
yr BP in Kau Bay, Halmahera, Indonesia, that
associated with sea level rise and increase terrigenous
input during this time. After 1700 yr BP, thermocline



shoaling occurred in WPWP related to intensification of
more El-Nifio-like condition thus improve ventilation.

CONCLUSION

In general, during Holocene, according to the
foraminiferal assemblages, the water condition in the
Arafura Sea particularly in the western of Aru Islands is
relatively dysoxic and high nutrient. Distinctive
environmental changes particularly occurred in 3.9 kyr
BP indicated by clearly increase of total planktonic and
mixed layer dweller percentage. It might be related
either due to the sea level rise and thickening of mixed
layer, or the nutrient decline. More neutral or La Nifia
like condition might be occurred during this time. Sea
level might be drop after 2 kyr BP that might be related
to the more El Nifio like condition, lead to increase
upwelling and nutrient content, and improve
ventilation. However, more analysis is needed in order
to get more robust finding.

ACKNOWLEDGEMENTS

Authors  would like to  thank to
Korean—International of Drilling Program (K- IODP)
and Korea Institute of Ocean Science & Technology
(KIOST), who have provided funding for this research.
Our gratitude to Dr. P. Hadiwijaya and team member
who acquired this core studied. We appreciate all
Geomarin 3 crews for their hard work during the cruise.
We acknowledge also the MGI staff in Cirebon who
helped preparing samples. This study would not be
realized without contribution and support of the
Director of the Marine Geological Institute.

REFERENCES

Alongi, D.M. (editor), Edyvane, K., do Ceu Guterres,
M.O., Pranowo, W.S., Wirasantosa, S. and
Wasson, R., 2011. Biophysical profile of the
Arafura and Timor Seas. Report prepared for
the Arafura Timor Seas Ecosystem Action
(ATSEA) Program. 32p.

Baohua, L., Zhimin, J., and Wang, P, 1997.
Pulleniatina obliquiloculata as a
paleoceanographic indicator in the Southern
Okinawa Trough during the last 20,000 years,
Marine Micropaleontology, 32: 59-69.

Barmawidjaja, D.M., de Jong, A.F.M., van der Borg,
K., van der Kaars, W.A., and Zachariasse, W.J.,
1989. Kau Bay, Halmahera, a Late Quaternary
paleoenvironmental record of a poorly
ventilated basin, Netherlands Journal of Sea
Research, 24: 591-605.

Barmawidjaja, D.M., Rohling, E.J., van der Kaars,
W.A., Grazzini, C.V., and Zachariasse, W.J.,

1993. Glacial conditions in the northern
Molucca Sea region (Indonesia),
Palaeogeography, Palaeoclimatology,
Palaeoecology, 101: 147-167.

Beaufort, L., van der Kaars, S., Bassinot, F., and
Moron, V., 2010. Past dynamics of the
Australian monsoon: precession, phase and
links to the global monsoon concept, Climate of
the Past, 6: 695-706.

Bolli, H.M., Saunders, J.B., and Perch—Nielsen, K.,
1985. Plankton stratigraphy, 1. Cambridge
University Press, Cambridge. 328p.

Boltovskoy, E. and Wright, R., 1976. Recent
foraminifera, Dr. W. Junk, The Hague, Boston,
515p.

Cane, M.A. and Molnar, P., 2001. Closing of the
Indonesian seaway as a precursor to East
African aridification around 3-4 million years
ago, Nature, 411: 157-162.

Currie, L.A., 2004. The remarkable metrological
history of radiocarbon dating [II], Journal of
Research of the National Institute of Standards
and Technology, 109: 185-217.

Ding, X., Bassinot, F., Guichard, F., Li, Q.Y., Fang,
N.Q., Labeyrie, L., Xin, R.C., Adisaputra,
MK., and Hardjawidjaksana, K., 2006.
Distribution and ecology of planktonic
foraminifera from the seas around the
Indonesian Archipelago, Marine
Micropaleontology, 58: 114— 134.

Drinia, H., Antonarakou, A., and Dermitzakis, M.,
2003. Planktonic foraminiferal ecozones:
response of the pelagic environment to
palaeoclimatic changes in the Eastern
Mediterranean Sea, Mediterranean Marine
Science, 4 (2): 21-38.

Ganssen, G., Troelstra, S.R., Faber, B., Van der Kaars,
W.A., and Situmorang, M., 1989. Late
Quaternary palaeoceanography of the Banda
Sea, Eastern Indonesian piston cores (Snellius-
I Expedition, Cruise GS5), Netherlands Journal
of Sea Research, 24 (4): 491-494.

Gordon, A.L., 2005. Oceanography of the Indonesian
Seas and their throughflow, Oceanography, 18
(4): 14 -27.

Hall, R., 1996. Reconstructing Cenozoic SE Asia, in
Hall, R. and Blundell, D.J., eds., 7eéectonic
Evolution of SE Asia, Geological Society of
London Special Publication, 106: 153-184.

Harahap, B.H., 2012. Tectonostratigraphy of the
Southern Part of Papua and Arafura Sea,

Foraminiferal Analysis Related to Paleoceanographic Changes of Arafura Sea and Surrounding During Holocene 113



Eastern Indonesia, Indonesian Journal of
Geology, Vol. 7 (3): 167-187.

http://www.foraminifera.eu

http://www.marinespecies.org
http://species-identification.org

Holbourn, A., Henderson, A.S., and MacLeod, N.,
2013. Atlas of benthic foraminifera. Wiley-
Blackwell, A John Wiley & Sons, Ltd.,
Publication, Natural History Museum, London,
642p.

Ilahude, A.G., Komar, and Mardanis, 1990. On the
hydrology and productivity of the Northern
Arafura Sea, Netherlands Journal of Sea
Research, 25 (4): 573-583.

Jongsma, D., 1974. Marine Geology of the Arafura
Sea, Bulletin 157, Department of Mineral and
Energy, Bureau of Mineral Resources, Geology
and Geophysics, Australian Government
Publishing Service, Canberra. 73p.

Jorissen, F.J., 1987. The distribution of benthic
foraminifera in the Adriatic Sea, Marine
Micropaleontology, 12: 21-48.

Kuhnt, W., Holbourn, A., Hall, R., uvela, M., and
Kidse, R., 2004. Neogene History of the
Indonesian  Throughflow,  Book  Series,
American  Geophysical Union, 10.1029/
Series#LettersChapter#.

Langton, S.J., Linsley, B.K., Robinson, R.S,
Rosenthal, Y., Oppo, D.W., Eglinton, T.I,
Howe, S.S., Djajadihardja, Y.S., and
Syamsudin, F., 2008. 3500 yr record of
centennial-scale climate variability from the
Western Pacific Warm Pool, The Geological
Society of America, 36 (10): 795-798.

Linsley, B.K., Rosenthal, Y., and Oppo, D.W., 2010.
Holocene evolution of the Indonesian
Throughflow and the Western Pacific Warm
Pool, Nature Geoscience, 3: 578 — 585.

Loeblich, Jr., A.R. and Tappan, H., 1994. Foraminifera
of the Sahul Shelf and Timor Sea, Cushman
Foundation Special publication, 31, Cushman
Foundation for Foraminiferal Research.
Cambridge, U.S.A., 661p.

Martins, M.V.A., Quintino, V., Tentigal, R.M.,
Frontalini, F., Miranda, P., Laut, L.L.M.,
Martins, R., and Rodrigues, A.M., 2015.

Characterization of bottom hydrodynamic
conditions on the Central Western Portuguese
Continental Shelf based on benthic foraminifera
and sedimentary parameters, Marine
Environmental Research, 109: 52-68.

114  Luli Gustiantini et a/.

Mayer, B., Damm, P.E., Pohlmann, T., and Rizal, S.,
2010. What is driving the ITF? An illumination
of the Indonesian Throughflow with a
numerical nested model system, Dynamics of
Atmospheres and Oceans, 50: 301-312.

Mohtadi, M., Steinke, S., Groeneveld, J., Fink, H.G.,
Rixen, T., Hebbeln, D., Donner, B., and
Herunadi, B., 2009. Low-latitude control on
seasonal and interannual changes in planktonic
foraminiferal flux and shell geochemistry off

South Java: A sediment trap study,
Paleoceanography, 24: 1-20. doi:10.1029/
2008PA001636.

Moore, T.S. II, Marra, J., and Alkatiri, A., 2003.
Response of the Banda Sea to the southeast
monsoon. Marine Ecology Progress Series, vol.
261: 41-493.

Newton, A., Thunell, R., and Stott, L., 2011. Changes
in the Indonesian Throughflow during the past
2000 yr, Geology, Vol. 39 (1): 63-66.

Postuma, J., 1971. Manual of planktonic foraminifera.
The Hague, Netherlands. 420p.

Reimer, P.J., Bard, E., Bayliss, A., Beck, J.W.,
Blackwell, P.G., Bronk Ramsey, C., Buck, C.E.,
Cheng, H., Edwards, R.L., Friedrich, M.,
Grootes, P.M., Guilderson, T.P., Haflidason, H.,
Hajdas, 1., Hatté, C., Heaton, T.J., Hogg, A.G.,
Hughen, K.A., Kaiser, K.F., Kromer, B.,
Manning, S.W., Niu, M., Reimer, R.W,
Richards, D.A., Scott, E.M., Southon, J.R.,
Turney, C.S.M., and van der Plicht, J., 2013.
IntCall3 and MARINEI3 radiocarbon age
calibration curves 0-50000 years calBP,
Radiocarbon, 55 (4): DOI.  10.2458/
azu_js_rc.55.16947.

Roberts, G., Ramsden, C., Christoffersen, T.,
Wagimin, N., and Muzaffar, Y., 2011. East
Indonesia: Plays and Prospectivity of the West
Aru, Kai Besar and Tanimbar Area - Identified
from New Long Offset Seismic Data, expanded
abstract  presentation at AAPG Annual
Convention and Exhibition, Houston, Texas,
USA, April 10-13, 2011.

Sijinkumar, A.V., Nagender Nath, B., Possnert, G., and
Aldahan, A., 2011. Pulleniatina minimum
events in the Andaman Sea (NE Indian Ocean):
implications for winter monsoon and
thermocline changes, Marine
Micropaleontology, 81: 88-94.

Spooner, M.I.,, Barrows, T.T., de Deckker, P., and
Paterne, M., 2005. Palacoceanography of the
Banda Sea, and Late Pleistocene initiation of



the Northwest Monsoon, Global and Planetary
Change, 49: 28— 46.

Stuiver, M. and Reimer, PJ., 1993. Extended '*C
database and revised CALIB radiocarbon
calibration program, Radiocarbon, 35: 215-230.

Stuiver, M., Reimer, PJ., and Reimer, R.'W. 2018.
CALIB 7.1 [WWW program] at http://calib.org,
accessed 2018-4-10.

Tedesco, T., Thunell, R., Astor, Y., and Muller-Karger,
F., 2007. The oxygen isotope composition of
planktonic foraminifera from the Cariaco Basin,
Venezuela: Seasonal and interannual variations,
Marine Micropaleontology, 62: 180-193.

Troelstra, S.R., and Kroon, D., 1989. Note on extant
planktonic foraminifera from the Banda Sea,
Indonesia (Snellius-II Expedition, Cruise GS),

Netherlands Journal of Sea Research, 24 (4):
459-463.

Van Marle, L.J., 1988. Bathymetric distribution of
benthic foraminifera on the Australian-Irian
Jaya continental margin, Eastern Indonesia,
Marine Micropaleontology, 13: 97-152.

Williams, L.W., Forman, D.J., and Hawkins, PJ.,
1974. Sedimentary basins of the Sahul Shelf,
Record 73/74, Bureau of Mineral Resources,
Geology and Geophysics, Department of
Minerals and Energy 11p.

Wyrtki, K., 1961. Physical oceanography of the
Southeast Asian  waters. University of
California, NAGA Report, 2: 195p.

Foraminiferal Analysis Related to Paleoceanographic Changes of Arafura Sea and Surrounding During Holocene 115



=
g
2
: |3 2 |- E
g e | 5 | = = 3 S| = 2
5| E 5 = R 2| 3 & S| 2| & E
= o m oo n 3 ] a0 = . S — g IS 20 m S
— b= R o 2 — 7 3 S © 7 e — b © Nel K} =
» = o — — o 2 — 9 0 - ~ Q = & 2 (@] 2 < = nru o S
K] = Qo m 0 ] < A o @ ] — ] o - ] = 9] N S 4] B
S S 9] 4] @ % s} @ 2 o 2 . = = 2 9] z o . = el % S
k7 9\ kel S [s] 0 %] o v 7] o Q > T @ o = Q = - @ IS
o [ 8 & 9] @ N S o o~ Q @ a ) = IS @ 2 S S o IS = ) 3
» 3 S a [ 2 = £ & - » > v a s g ~ S A = v S ) - ]
o ) b s 2 ~ g 3 i o o ™ S S S = = S g L S IS < s <
2 sl sl g2 =l&|s|=| 3|35 s Sl s|sl=|8|S|S]8]|3]¢g]s
3 - I I I I e - T - T - S O~ =1 = I I R B
Q N S o B M ] b 3 a b 3 3 ks S £ S S S S RS & 3
© 8 Q o 2 S IS S ©» ES g @ 3 Q S 2 IS & S S S S 2 S S a
slgls| 8| & |&|s| |82 |S|2|8|S|s|S|d|s|s|8|3|7|¢€|8|s5]|¢8
Sl | 3| S |S|E|lc|8|s|g|2|s|2|8|s|¢g|8|s|P|S|=|28|s|¢g]|2|s
21§l | 2| S |S|S|s|E|2]|2|s|8|s|8|s|s|s8|s|8|8|5|s|<2|8)|35]|s
Ela|l<| < Q 2 |la|l S [S [ G S D | w|low |G|l |||l || T|[Id|]o|lS|=z]=]4a
4.9 11.44 | 2.29|6.18 0.23 5.95
2018 8.67 | 0.87 1.16 2.3110.29
3278 0.26 [ 13.46 | 8.71|5.28 1.58 | 1.32 1.06 1.85] 1.85
3945 1.92]10.64(19.49 | 0.32|5.43( 1.28 0.96| 1.28 [ 0.32 | 0.96 1.60| 1.28 | 0.32 1.921192(1.9211.2810.32]|0.64(1.28
4179 31.40| 1.74]3.20| 0.29 ]| 0.58 0.290.29 0.29 4.07 [ 0.29 | 0.58 0.87 | 0.87
4509 0.56 17.78 | 0.83]5.28 0.28 |1 0.56 | 0.56 | 0.28 0.56]1.11 | 0.28 0.83]10.28 | 1.11 0.56
5010 1.80 15.17 | 1.29]9.25 1.29( 1.03|1.03|2.06|0.51|1.54 1.03 0.26 | 1.03 0.26 | 2.83 | 0.51 1.54
5458 2541036 7.61 | 1.09(6.88| 0.36(0.36|2.90| 1.09 [ 0.72]| 1.45] 0.36 | 0.36 2.54 0.361.09]0.72 2.1710.72 | 1.45| 2.17
5862 0.87(0.58| 8.45 | 0.87|4.66 0.58 | 0.87 0.87 0.29 1.17 0.58 0.87 | 2.04 0.8710.58|0.87|1.75
6228 6.36 9.70 | 2.4216.97( 0.61 1.521 2.4211.52|091|0.61 2.421091]0.61(1.52(0.30 0.61]2.42]0.30(0.30( 1.82
6866 21.69| 1.84(2.21(0.37 | 1.47 3.31]1.84 0.371257(2.21]|1.10]| 1.47 1.47 ( 4.78
7145 21.00 | 4.98(9.96 1.07 1.78 1.07 | 1.07 0.71]1.78 | 4.63 3.91 2.49
7401 2.68|10.89| 4.02 | 2.68(4.91 1.3412.23 | 0.45 2.2311.79 134|134 2.2310.89]0.45(1.34(2.68]|0.45]2.68
7450 2.7510.78 | 11.76 | 3.14(6.67| 0.39 1.18 ( 0.39 | 0.78 | 1.96 | 0.39 2.7510.78 2.35]1.18 1.18 | 2.35( 1.57 | 2.35
7884 1.50]| 0.38( 6.77 | 1.50|4.14 0.38 [ 0.38 | 0.75 1.880.38(0.75| 0.38 | 1.50 1.13 ] 1.50( 0.38 1.13
8125 19.78 | 3.36|/2.61| 1.12 | 1.49 1.49 | 1.49 0.37 0.37 1.87 0.75] 5.97
Average | 1.31] 0.24 | 14.26 | 2.37 |5.23( 0.28 | 0.47 | 0.67 | 0.62 | 0.31| 0.73| 0.44 [ 0.64 | 0.20|1 0.92 ] 0.29( 0.20( 0.38 | 0.97 | 1.29| 0.94 | 1.27| 0.61 | 0.84 | 1.66

116  Luli Gustiantini er al.



98'SC | V1'€S | 989V |6V'0(vCC [S6'0 | TVE [ 99'S | €6'C [08'T|¥SO |60V | 6F°C |8T'TIT|[OT'T |9T9T 900 [¥£'€|9L°0| €€'T | £9°C | ¥9°0 | TE'0 | d8esony
9€'8C | 9€°€S | V99V V€9 V6’11 L6°S | 8Y'V |SV'OT | L8'T | TECT 66°C|LE0 19'C | 1T SC18
7597 | 08'89 | 0C'TE vi'v 79'S | €S°0T 8€0 9¢'G [ 6817 [9T'ET | 0S'T [TEEC 88'T[8€'0| 9¢'C | 88T 88L
88'GC |96'TV | ¥0'8S |8L'0(¥C'8 [SLC | 6€0 | 96'T 8T'T |S€C | V8L LV'9T 67'S[8L°0| €S°€ | 840 [LS'T | 8T'T osvL
98°LT | 998V | VE'TS |VET [ VE'T [ ET'E 08'S €CC | €ECC|89C | 08'S TT'v¢e 9€'G(680| T6'V | VE'T | 680 | 680 140} 74
€ELV|686C|TT0L Ly, 617'C 89°0T | S8C | TV9 YT'C|TLO| LO'T |CEOT | CV'T 1474
89'8C | 96°SV | ¥O'VS ¢9'9 |99°0T | 88'S 76'C 66’9 | T’y | 9v'8 vO'v |vL0| OT'T | ¥8'T 9989
¢8'TC|CT'¢y |88°LS|19°0|CT'C|CS'T vy 0€0|TCT |S¥'S | 0€0| S8Y | 19°0 |T6°0C LTL(TCT| ¢T'C | T90 (TCT 8¢9
€0°9T | T€'99 | 69'VE 99V [SL'T | 9V'T [0C0T ¢6'C|L80|85L|0S€| SL8 9T'¢¢ TCE(LT'T| L8O | LT'T 989
0€'9T | ¢9°€S |8E9V |SV'T | TI8'T [SV'T | LT'C | 8L'6 ¢L'0|¢2L0|66°C|9€0|TS0T|9€0|6C0C €V’ |9€°0 Lo LTC 851S
9L°LT |95 LY | VP'CS | €8 C |9V L | 98°E | LL'O | 09°€ TS'O|T€EC | LLO|EOT | €C8 |9C°0 |¥6°ST TT'7|08T|9¢0 | 08T [€0T | LLO 0T0S
90'8C |90°'8S | V6TV | €80 | CCC | €80 | vy [£L9'TT 6€T|95°0|8LC|8CS |L9°TT|9G9°0|959°ST 00'G|TT'T| 6E'T | 8LC [9S9°0 60SY
¢1'0v | 8E'LY | C9'¢CS 6C°0 L80 | €0°C | 0E'6 |99V ¢S'S|¢9C|LTOT|€CS | 699 €€C(L80] £L80 | T6°C [9T'T 6.1V
TL°6C|60VY |16°SS vee 99°'C | €V'S 960 STV | €8°€| 968 L6°ST 960 |6T°€|¥9°0( 8C'T | 61°E | ¥9°0 174513
TG'€EE | 0€°ES | 0L 9V 10°S £8°0€ LT v |90°T L09 8LC¢€
LTTT|99C8 | VELT 9T'1 SO'v VL YT |V6°9 €86 | €CL|0T'TC €9°LT T€C €L'T 810¢
6V’ | 19°L9 |6V'CE €C0 6T VT | ¢V vT | €0'G [¢S'C|69°0 |9C°S | LET | ¢6'8 L8'VT ¢6°0 09'T | £L6'C [ 690 6t
o | S =2 o] g ) 2 I I [Q) Q) D Q) Q) ) = o o o c o R} @ =1
o o 2| = < o | 2| 2 2} D 9 | =2 Q1| g ] 5
z 8|8 |3|3|2|5|8 |8 |g|z|s|s|S|s|s|8|la|f|2|8/&8 5|58 1/2|¢%
. = S = S = Q S o s} S S Iy Iy A @ = = S Q K] =N =
) S =3 o = o 3 S) o ) = 3 I ) ) ) o 2 = — < 3. S 5 s o
o 2 3 3 o = S g S || 93|32 3 3 3 s S| 2|2 < 3 U 9
s P 2 & o Q 5 b 5 5 = Q = 3 = 3 3| = = 2 <. Q 3 )
K] = & | = | = Q 2 2 9 2 | S| 5|9 S 3 g || |12 12|%s8 5 a o @
2 S ) < S s ] S b Q S} 2 S S < s g — Y = 3 Q =y o o
=2 |2 |58 |3|&|s |8 |8|s|z3|c|8|8]|¢E s 18|23 |& |3 s
RS =22 | € |5 |e|g|E|3|8|z2|53]|¢ SU7T|3 | e | 3| a ®
3 o 218 N Q 5 | =| 5|8 3 S S o o= | 3 3 ke
= ¢ = o Q Q 3 Q 3 a ® 3 ) > : - | © !
o | 7| 9 S Fl=]1 =] | > g i = | N|e |: o |
S A I O sl s |F| =8 |8 RIZ| D g |©
= o Q 3 = | o = S s S ©) o » > %)
s|g|8 |3 18 |ol2l2]5]|32 2|58 |3 |8
8 |3 o ||| |28 |5|a g 2|8 |8 |8
15} = 5 e =5 2 @ o ) ol S o I} s o)
o ~— = o [Y — S o =] P < ® v »n
= ~ Q. < < Q o —
a g | = =< SERE YRR 5
- o | B =
— <
o
>
3

117

Foraminiferal Analysis Related to Paleoceanographic Changes of Arafura Sea and Surrounding During Holocene




118  Luli Gustiantini et a/.



