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ABSTRAK

Makalah ini memperlihatkan alternatif jalur penyebaran polen Australia Dacrydium dan Casuarina dari
tempat asalnya menuju Asia Tenggara. Awalnya diperkirakan bahwa perpindahan elemen Australia ini ke
Dataran Sunda dipicu oleh adanya tumbukan antara Lempeng Australia dan Asia diduga terjadi pada batas
umur Oligosen-Miosen (Morley, 1998 dan 2000). Selanjutnya, penelitian yang dilakukan oleh Lelono (2007)
di lepas pantai Jawa Timur utara membuktikan bahwa polen tersebut di atas telah hadir di Dataran Sunda
sejak Oligosen Awal. Hal ini menimbulkan persoalan mengingat pada Oligosen Awal Benua Australia berada
sekitar 1000 km sebelah Selatan Jawa Timur. Kondisi ini yang mendorong Lelono (2007) untuk mengusulkan
kedatangan Gondwana di Dataran Sunda lebih awal dari yang diperkirakan, yaitu Awal Oligosen. Terlepas
dari semua itu, penelitian terbaru oleh Morley (2009) menemukan polen Dacrydium pada sedimen umur
Eosen Awal di Ninety East Ridge (55 Ma) dan di sub Kontinen India (50 Ma). Penemuan inilah yang menjadi
dasar usulan alternatif jalur penyebaran polen Australia ke Asia Tenggara, yaitu melewati Ninety East
Ridge dan sub Kontinen India yang selanjutnya menuju Dataran Sunda dan Indochina. Penyebaran polen
ini tampaknya dikontrol oleh iklim purba, menyebabkannya hanya berkembang di tempat-tempat tertentu
saja. Sementara itu, penyebaran polen Australia Casuarina masih misterius mengingat migrasi lewat sub
Kontinen India kurang mendapat dukungan data karena tidak ditemukan kehadiran polen ini di sana. Oleh
karena itu, sangat mungkin polen ini bermigrasi ke Dataran sunda melalui mekanisme penyebaran jarak
jauh (long distance dispersal).

Kata kunci: Jalur Migrasi, Elemen Australia, Asia Tenggara

ABSTRACT

This paper proposes the alternative dispersal route of Australian elements of Dacrydium and Casuarina
from their origin to Southeast Asia. It was previously thought that these Australian affinities migrated to
Sunda region following the collision of the Australian and the Asian plates at the Oligo-Miocene boundary
(Morley, 1998 and 2000). The subsequent study by Lelono (2007) extended the record of these two taxa from
the Oligo-Miocene boundary to the base Oligocene. This is unlikely, since at the time of basal Oligocene,
when these pollen types first appear, the Australian land mass would have been some 1000 kms south of
the East Java area. Therefore, this fact led Lelono (2007) to propose the earlier arrival of the Gondwanan
fragment to this area in Early Oligocene. However, recent records of Dacrydium have been reported from
the Early Eocene of the Ninety East Ridge (55 Ma) and the Indian subcontinent (50 Ma) (Morley, 2009).
This implies to the alternative dispersal route of this pollen. It is possible that Dacrydium dispersed into
SE Asia prior to the Early Oligocene via the Ninety East Ridge and the Indian plate, and subsequently
its distribution across the Sunda region and Indochina was limited by palaeoclimate, explaining why it is
present in some areas of the Sunda region, but not others. Mean while, a model to explain the dispersal of
Casuarina remains unresolved, since migration via India is unlikely as there is no pollen record from the
Indian subcontinent. Therefore, long distance dispersal may be a possibility for this pollen.
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II. INTRODUCTION

This paper is intended to provide another
possibility of dispersal route of the Australian elements
of Dacrydium and Casuarina to the Southeast Asia
region which may imply to the tectonic setting of
this region. In addition, it is triggered by the work
done by Lelono (2007) in the East Java Sea, which
proposed the earlier arrival of Australian fragment
in this area based on the record of these pollen in
the basal Oligocene sediment. The area of study is
located on the off-shore of North Madura which is
a part of East Java basin (Figure 1). This basin is
defined as a back-arch basin which is situated on the
southern margin of the Sundaland. This basin covers
an area over 54,000 Km? with east-west direction and
accommodates sediment with the thickness of more
or less 6000 Ft (Pusoko et al., 2005). In fact, it is
well known as an important hydrocarbon province in
Indonesia. The oil exploration has been started since
the Dutch era which mostly concentrated on shallow
structures. Recently, East Java has been an attractive
area for oil exploration as new discovery continues
to occur within this basin.

The Australian and Asian plates collided in the
Late Oligocene as reconstructed by Hall (2002) in
which, the Australian affinity continental fragments
including Banggai-Sula, Tukang-Besi/ Buton,
Timor or Ceram may have maintained localised
emergent areas allowing some Australian taxa to
be introduced directly into East Indonesia, during
and after the time of collision (Figure 2). Possible
candidates to be considered are Eucalyptus deglupta
(Myrtaceae) and other Eucalyptus spp. in the Maluku
and Casuarina junghuhniana in Nusa Tenggara
and East Java (Morley, 2000). In fact, these pollen
are recorded in Early Miocene successions of West
Indonesia. Mean while, in order to investigate the
occurrence of the Gondwanan/ Australian taxa in
the Paleogene sediments of East Java, a study by
Lelono (2007) focused on some selected pollen
including Dacrydium and Casuarina as they occurred
commonly and regularly along the studied wells
including J-1 and M-1. According to the previous
researchers, both pollen were assumed to migrate
to western Indonesia following the latest Oligocene
collision between Australian plate and Sundaland
(Morley, 1998 and 2000). In fact, Dacrydium and
Casuarina were firstly recorder in the basal Early
Miocene as seen in the North west Java Basin and

West natuna Basin (Morley, 2000). Therefore, many
palynologists often refer to the first appearance of
these pollen for separating Early Miocene from
Oligocene succession (Figure 3). This situation
raises question of the existence of the pathway which
allows dispersal of these pollen from their origin in
the Australian plate into the Sundaland. It is possible
that the collision of Australia and Sundaland occurred
carlier in East Java compared to that in other areas of
Indonesia. On the other hand, current data published
by Morley (2009) recorded that Dacrydium was
found in the older sediment of Ninety East Ridge
and India which suggests different route of migration
from Australia to Southeast Asia via Ninety East
Ridge and India.

II. DATA AVAILABILITY

Data obtained from the area of study was
generated from subsurface (well) samples which
were provided by oil company. Palynological data
extracted from these samples was used by LEMIGAS
to provide technical services for commercial works.
Therefore, it is considered to be confidential and
should not be public domain.

Having the above conditions, this paper will not
reveal detail information of the wells which are used
in this study (including well name, well location,
operator, etc). The wells are named using alphabetic
code such as J-1 and M-1 as seen in Figure 1. In
addition, only relevant information is shown in this
paper due to space limitation. In this case, pollen
diagrams only show selected palynomorphs which
affect analysis and interpretation.

III. METHOD

The material used in this research is cutting
samples which were collected from the selected
intervals of two studied wells, so called Wells J-1 and
M-1. These samples were processed in the LEMIGAS
Stratigraphy Laboratory using the standard methods
including HCI, HF and HNO, macerations, which
were employed to get sufficient recovery of plant
micro-fossils for palynological analysis. These acid
treatments were followed by the alkali treatment
using 10% KOH to clear up the residue. Sieving
using 5 microns sieve was conducted to collect
more palynomorphs by separating them from debris
materials. Finally, residue was mounted on the slides
using polyvinyl alcohol and Canada balsam.
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25Ma
End Oligoce

Figure 2
The plate reconstruction of SE Asia and SW Pacific regions
at about 25Ma or end Oligocene, showing the first contact
of Australian continental crust with SE Asia (taken from Hall, 2002)
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Some distinctive pollen types from the Early Miocene of the Java Sea,
showing abundance of dipterocarp pollen ,immigrants from Australia
and the representation of Meyeripollis (taken from Morley, 2000 page 194)
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Figure 4
Tectonic setting of Western Indonesia during Late Cretaceous-Early Tertiary
(taken from Sribudiyani et al., 2003)

The fossil examination was taken under the
transmitted light microscope with an oil immersion
objective and X 12. 5 eye piece. The result of
examination is recorded in the determination sheets
and used for the analyses. As this study applies
quantitative analysis, it is required to count 250
palynomorphs in each sample. The percentage
abundance of palynomorphs from every sample was
plotted onto a chart to illustrate temporal abundance
fluctuations of each palynomorph type, using a
statistically viable population (=count number) of
palynomorphs in every sample.

Chart analysis is focused on finding significant
abundance of the studied taxa of Dacrydium and
Casuarina. It is also concentrated on observing the
vertical distribution of the age-restricted taxa in order
to find out the accurate age of the studied sections.
Age interpretation is based on palynological zonation
which was proposed by Rahardjo et al. in 1994. The

occurrence of Dacrydium and Casuarina within the
study area is compared with the same taxa recorded
from other areas to predict the migration pathway
of these taxa from their original place in Australia
to Southeast Asia (in this case, to Java Island). The
dispersal route is mostlikely coming from the older
records toward the younger records.

IV. REVIEW ON PREVIOUS WORKS

The arrival of Australian plate in the Southeast
Asiais predicted to occur in Oligo-Miocene following
the collision of both plates (Hall, 2002). In addition,
this collision facilitating gateway for the Australian
flora to migrate to Indonesian region as proved by the
occurrence of the Australian affinity of Dacrydium
and Casuarina in the basal Miocene (Morley, 2000).
Some areas of West Indonesia provide evidence of
their occurrence within Early Miocene sediments
including Northwest Java and Natuna Basins. Mean
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while, Lelono (2007), in his study on the Oligocene
sediment collected from East Java Sea, extended
the stratigraphic range of these palynomorphs from
the Oligo-Miocene boundary to the base Oligocene.
Based on this fact, he proposed the earlier arrival of
the Australian fragments to East Java area in Early
Oligocene. Moreover, The regional tectonic study
of East Java carried out by Sribudiyani et al. (2003)
indicated that from the end of Cretaceous to Early
Eocene (70-35 Ma), a continental fragment, possibly
detached from the Gondwana super-continent to the
south, drifted northeastward approaching the Late
Cretaceous to early Tertiary subduction complex
(Lok Ulo-Meratus belt). The collision of this micro-
continent with the eastern margin of the Sunda
Microplate caused the Eocene magmatic activity to
cease and uplifted the subduction complex, creating
the Meratus Mountains in the eastern part of Kali-
mantan and The Lok Ulo mélange complex in the

central Java (Sribudiyani ef al., 2003). During this
period, the contemporaneous northeastward move-
ment of the Australian plate resulted in its subduc-
tion under the Sunda Microplate along Java-Meratus
suture (Figure 4). Furthermore, dating analysis of the
intrusive rocks using a method of SHRIMP U-Pb
zircon done by Smyth et al. (2003) indicated the
possible occurrence of the Australian origin of this
mineral. This would imply transport of the sediment
far to the north onto the Indian plate during the Pa-
leogene. These works suggest that East Java was a
continental fragment deriving from Gonwana which
collided with the eastern part of the Sundaland dur-
ing the end of Cretaceous to Early Eocene. This
collision facilitated gateway for the Australian flora
especially Casuarina and Dacrydium to disperse to
East Java in Early Oligocene and extended through
the Late Neogene.

Ninety E

Figure 5
The dispersal route of the Australian element of Dacrydium to Southeast and
East Asia through Ninety East Ridge and India (Morley, 2009)
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V. INTERPRETATION OF DISPERSALROUTE
OF AUSTRALIAN POLLEN

The Australian affinities of Dacrydium and
Casuarina were previously known to firstly appear
in basal Miocene in Western Indonesia (Morley,
2000). It was thought that these two taxa dispersed
into the Sunda region following the collision of the
Australian and Asian plates, at the Oligo-Miocene
boundary (Morley 1998 and 2000). Mean while,
later investigation by Lelono (2007) discovered the
occurrence of these pollen in the basal Oligocene
sediment of East Java Sea which implies to the
possibility of earlier arrival of Gondwanan fragment
within this region.

Recent works done by Morley (2009) prove
new stratigraphic record of the Australian element
of Dacrydium. Palynological study on broad region
reported the occurrence of this pollen in the Early
Eocene sediments of Ninety East Ridge and Indian
Subcontinent. Apparently, this record is older than
that found in East Java Sea as brought to attention
by Lelono (2007). In fact, this led Lelono (2007) to
interpret that Dacrydium and Casuarina migrated
into the Sundaland following the collision of the
Australian and Asian plates, at Early Oligocene.
However, referring to the later works (Morley, 2009),
it is possible that these Australian affinities dispersed
to Indonesia through different pathway. In addition,
it is unlikely to have direct migration from Australia
to the area of study, since at the time of the basal
Oligocene, when these pollen types first appear, the
Australian land mass would have been some 1000
km south of the East Java area.

Recently, Dacrydium has been reported from
the sediment with an age of 55 Ma (Early Eocene)
in the Ninety East Ridge (Morley, 2009). Moreover,
this pollen is also found in the sediment with 50
Ma age (Early Eocene) in the Indian subcontinent
(Morley, 2009). Therefore, based on these data, it is
now believed that Dacrydium dispersed into the area
of study (SE Asia) prior to the Early Oligocene via
the Ninety East Ridge and the Indian plate (Figure
5). In addition, it is interpreted that its distribution
across the Sunda region and Indochina was limited by
palaeoclimate, explaining why it is present in some
areas of the Sunda region, but not others (Lelono et
al.,2009). On the other hand, a model to explain the
dispersal of Casuarina remains unresolved, since

dispersal via India is unlikely as there is no pollen
record from the Indian subcontinent. In this case, long
distance dispersal may be a possibility.

VI. CONCLUSION

Previously, the appearance of Dacrydium
and Casuarina in basal Oligocene of East Java
Sea was interpreted to indicate earlier arrival of
the Gondwanan/ Australian fragment in this area
compared to that in other areas of Indonesia.
However, the latest records show that the Gondwanan
palynomorph of Dacrydium is found in the older
sediments of the Ninety East Ridge (55 Ma ~ Early
Eocene) and the Indian Subcontinent (50 Ma ~
Early Eocene) compared to those of East Java Sea
(Early Oligocene age). Based on this discovery, it
is suggested different dispersal route of this pollen
from its origin in Australia to Southeast Asia via the
Ninety East Ridge and the Indian Subcontinent, and
that subsequently its distribution across the Sunda
region and Indochina was limited by palacoclimate,
which explain limited occurrence of this pollen in
some areas of these regions.

Mean while, a model to explain the dispersal
route of Casuarina remains unresolved, since
migration route via India is unlikely as there is no
pollen record from the Indian Subcontinent. It is
possible that this pollen migrated to Southeast Asia
through long distance dispersal.
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